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INTRODUCTION 

In general, sustainability can be addressed  as relating to the 

following three dimensions. 

environmental 

social economical 
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INTRODUCTION 

"A sustainable Chicago is a city that spends less on energy use with each passing year, 

creates good-paying jobs in up-and-coming industries, responsibly maintains and upgrades 

its infrastructure, and ensures every Chicagoan has the opportunity to live a healthy and 

active lifestyle." . 

  

The 2010 United Nations Human Development Report has ranked Ethiopia 2nd among all 

nations in development achievement measured in the years-span 2000-2010: a truly 

remarkable achievement in the context of its recent history. Since 2002, has planted over 20 

million trees . Due to the efforts of Greener Ethiopia and other organizations like it, 15% of 

Ethiopia's forests have been replanted in the past decade, and small-scale farmers are 

implementing environmentally and economically sustainable agricultural practices. 

  

South Korea leads the way for Asia being the first country to introduce a greenhouse gas 

emissions trading scheme, from 2015. It’s designed to help reduce the country’s gas 

emissions by 30% by 2020, green its fossil fuel dependent industries and foster clean 

technology innovation – and evidences its commitment to the green growth agenda and to 

use the transition to a low carbon economy to accelerate economic growth. 

  

Corporate sustainability is strongly influenced by international institutions focused on climate 

change and governance of the Amazon rainforest. Beyond the Amazon, domestic attention is 

focused on social issues, including the country’s pending “talent blackout,” and what it will 

take to create a competitive Brazilian workforce.  
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INTRODUCTION 

Sustainability in China is a complex problem, encompassing more than solar panels, hybrid cars, 

and green buildings. There are many reports on the country's deteriorating environment and the 

problems this causes - from air pollution to "cancer villages" near dirty factories, to the 

devastation caused by partially manmade droughts and floods. Yet, equally, there are also reports 

about the progress Beijing is making in green investments and how in some areas it is even 

leading the west. 

  

For generations, the notion of sustainability for most Chinese meant simply having enough to eat. 

For many, life is much improved. Since China started adopting free enterprise in the early 1980s, 

an estimated 400 million have been lifted out of absolute poverty and it now has a prosperous 

middle class. But unrestrained growth has brought problems of its own. These include rampant 

corruption, growing social unrest because of the widening gap between rich and poor, and a wide 

array of environmental problems. 

  

Sustainable development is a key objective for the Swedish Government. The reasoning is that 

members of one generation should conserve resources for future generations. There is, for 

example, a steadily growing interest in organic food. Interest in organic clothing is also 

increasing. Sweden is also at the forefront of recycling and waste management. In 2005, 

stricter requirements were introduced for packaging and paper producers, aimed at making 

producers take responsibility for their products. 
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INTRODUCTION 

Water is the fundamental element for sustainable and integrated development in Egypt. Horizontal 

expansion in agriculture is connected to the country's ability to provide the water required for that 

expansion. Moreover, the economics of water use and its future on the long run require searching 

for alternatives and determining the water resources available at present and additional resources 

we can obtain in the future. 

   

  

Steering Egypt’s much-needed development in a more sustainable direction is not only the right 

thing to do for the environment, but is also an economic necessity.  Moreover, Egypt’s 

environmental well-being is facing grave challenges as a result of global warming. The most 

conservative estimates of global sea-level rises project that 34 percent of the Nile Delta will be 

flooded, displacing approximately 7 million people and causing substantial economic damage 

due to the loss of the fertile soils, according to the Arab Environment Climate Change report. 

Surely, this threat posed by excessive carbon emissions must concern Egyptians as much as they 

concern everyone else, if not more. 
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INTRODUCTION 

How do we define sustainability in the context of Lebanon? 

 

 

 

 

Is it: 
  

 Buildings that are climate responsive? 

 

 

 Neighborhoods that provide a better environment? 

 

 

 Cities that are not energy and waste intensive?  
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BUILDINGS 

Sharing our approach… 

 

A climate responsive design process: 

 

Analysis of local parameters 

 Climate 

 Vernacular architecture 

 Animals 

 Vegetation 

 

Defining the passive strategies that respect: 

 Sun 

 Wind 

 Daylight 
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METHODOLOGY 
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Coastal region  

Mid-mountainous region 

High-mountainous region 

Inland region  

 

 

CLIMATE 
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Solar: geometry, intensity, temperature 

 

Yearly variations of maximum, minimum and mean 

temperatures in ºC 

CLIMATE IN LEBANON 

Yearly diurnal range fluctuations in ºC  

Yearly variation of solar radiation intensity in Whr/m² 

Yearly variation in relative humidity in % 

Yearly average wind speed in Km/hr 

Prevailing winds come from the SW in summer and 

from the N in winter © LGBC 2013 



DESIGN STRATEGIES 
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PSYCHROMETRIC CHART 
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SOLAR 

SOLAR, WIND, LIGHT… 
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SOLAR 



SUN PATH DIAGRAM 
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SOLAR GEOMETRY 

Angle of incidence 

The main parameter is the angle of incidence that solar radiation has with the plane it 

is impacting. 
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Solar incidence based on orientation and angle 
 

FORM AND SOLAR RADIATION 
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SOLAR GEOMETRY 

Orientation 

Orientation of a volume has a significant impact on the amount of solar radiation impacting 

the building or the area surrounding the building. 

This is variable throughout the year. 
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Solar insolation based on orientation and angle 
View from the south-east 

FORM AND SOLAR RADIATION 
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Proportion of negative spaces with respect 

to solar incidence  

 
A square courtyard that has a height to width 

ratio of 1 to 1, will have an incident radiation 

fraction (IRF) of about 45% solar radiation falling 

on the walls and the floor. 

 

 

The decreasing percentage of solar radiation on 

the walls  will result in  reducing the urban heat 

island effect and lowering the cooling loads 

inside buildings. 
 

COURTYARDS 
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FORM AND SOLAR RADIATION 
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FORM AND SOLAR RADIATION 
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FORM AND SOLAR RADIATION 
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FORM AND SOLAR RADIATION 
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FORM AND SOLAR RADIATION 
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WIND 

SOLAR, WIND, LIGHT… 
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The prevailing wind conditions at the proposed location of the building play a 

significant role in its design. 

 

important aspects are the positive and negative pressures acting on the 

building envelope.  

 

Positive and negative pressure zones can be used for natural ventilation. the 

position of supply and exhaust openings must be aerodynamically efficient.   

WIND MOVEMENT & BUILDINGS 
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A building’s massing configuration 

affect wind movement both inside 

and outside a building.  

 

Both issues affect energy 

consumption because proper 

ventilation measures reduce the 

cooling loads due to natural 

ventilation strategies (cross, stack, 

night time cooling). 

 
 

 
 
 

WIND MOVEMENT & BUILDINGS 
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STRATEGIES 

Single sided  ventilation 

 

 

 

 

 

 

Cross ventilation  

 

 

 

 

 

  

Stack ventilation (wind scoops and / 

or wind towers) 
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STRATEGIES 

Single sided  ventilation 

 

 

 

 

 

 

Cross ventilation  

 

 

 

 

 

  

Stack ventilation (wind scoops and / 

or wind towers) 
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STRATEGIES 

Single sided  ventilation 

 

 

 

 

 

 

Cross ventilation  

 

 

 

 

 

  

Stack ventilation (wind scoops and / 

or wind towers) 
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Wind flow is primarily dependent on the proportion 

between building height and courtyard width along 

the wind flow direction. 

 

In general wind speed in a courtyard increases with 

the along wind dimension of the courtyard. 

COURTYARDS 
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3 – EVAPORATIVE COOL TOWERS 
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DAYLIGHT 
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SOLAR, WIND, LIGHT… 



Daylit area for massing studies, increase perimeter daylight zones 

 

A number of design strategies should be understood and explored during the 

design process.  

 

Extend the perimeter footprint to maximize the usable daylighting area.  

Internal partitions and furniture affect the distribution of daylight. 

 

DESIGN RECOMMENDATIONS 

© LGBC 2013 



DESIGN RECOMMENDATIONS 
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Section showing the 2.5 rule of thumb which assumes that adequate daylight for office 

tasks will penetrate to a depth of 2.5 x the height of the window head above the 

workplane. (After Robbins, 1986) 

DESIGN RECOMMENDATIONS 
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Depth of space 

DESIGN RECOMMENDATIONS 
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DESIGN RECOMMENDATIONS 

Sloping the ceiling downward from the head of the window 

to the back of the room improves reflectance. 
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DESIGN RECOMMENDATIONS 

Reflect daylight within a space to increase room brightness. A properly designed light 

shelf  has the potential to increase room brightness and decrease window 

brightness.  
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DESIGN RECOMMENDATIONS 

Slope ceilings to direct more light into a space. Sloping the ceiling away from the 

fenestration area will help increase the surface brightness of the ceiling further 

into a space. 
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DESIGN RECOMMENDATIONS 

 Allow daylight penetration high in a space. Windows located high in a 

wall or in roof monitors and clerestories will result in deeper light 

penetration and reduce the likelihood of excessive brightness. 
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OTHER DESIGN PARAMETERS 

 

• Massing 

 

• Thermal zoning 

 

• Program and Occupancy patterns 

 

• Passive / active strategies 

 

• Parcellation / solar envelopes 

 

• Space between the buildings 
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OTHER DESIGN PARAMETERS 

 

• Massing 
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The volume to surface ratio can be associated with energy efficiency 

whereby compact volumes tend to be more energy efficient. 

MASSING 

40 

47 

54 

61 

68 

75 

82 
89 

96 

0.2 

Surface volume ratio as per 

the Energy Saving Ordinance 

Allowable annual  

heating requirement 

0.3 

0.4 

0.5 

0.6 

0.7 
0.8 

0.9 
1.0 

1.1 
1.2 A/V 

© LGBC 2013 



MASSING 

71 

 
63 

 
81.5 55 

 

For all the volumes, the area at the base = 15 m2 and the volume = 52.5 m3 

(except the cone = 44 m3 ) 

 

Area - 3m x 5m 
 

Radius = 2.2m 
 

Area = 2m x 7.5m Radii = 1.8m, 2.2m 
 

Envelop area (m2): 
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SOFTWARE 

Area - 3m x 5m 
 

Radius = 2.2m 
 

Area = 2m x 7.5m Radii = 1.8m, 2.2m 
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Initial Shape 

 

Insolation is considered for June 6th 

Size: 10 floors of 25m2 

Total area of floors: 250m2 

Optimized Shape 

 

Insolation is 38% less than June 6th 

Size: 10 floors of various sizes  

Total area of floors: 250m2 



OTHER DESIGN PARAMETERS 

 

• Thermal zoning 
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The distribution of spatial requirements within a project may be 

a function of the orientation options and how the functional / 

program components relate to the sun path diagram. 
 
 

THERMAL ZONING 
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Administrative buildings 

The location of the core is very 

important since it can support 

thermal zoning  by reducing solar 

access, creating buffer zones and 

allowing for vertical wind 

movement. 
 

THERMAL ZONING 
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Atria 

Different spatial configurations in summer and winter. 

 Different requirements and efficiencies for ventilation and 

daylight. 

   
 

THERMAL ZONING 
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OTHER DESIGN PARAMETERS 

 

• Program and Occupancy patterns 
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Spatial distribution and energy efficiency 

Zoning of activities leads to: 
 

 

- Dispersed fabric  

- Reliance of cars 
 
 

- Compact fabric  

- Encouraging walking… 
 
 

PROGRAM 
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Space usage and occupancy needs affect the 

spatial distribution of functions in a Project. 

 

Spaces that are occupied from September till 

June (such as schools) and from 8:00 am till 

3:00 pm allow for particular massing options in 

order to reduce cooling and heating 

requirements. In this case, schools 

(classrooms) do not require enhanced views. 
 

OCCUPANCY PATTERNS 
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OTHER DESIGN PARAMETERS 

 

 

• Passive / active strategies 
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Passive approach (protecting from the sun)  vs. active approach 

(harnessing the sun)  
 

PASSIVE / ACTIVE 
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OTHER DESIGN PARAMETERS 

 

 

• Parcellation / solar envelopes 
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In order to make the approach more efficient, different parcel sizes and 

distribution would be required. 

 

This will allow for the recommended building exploitation while 

maintaining the  applicability of the solar envelope and other guidelines. 

PARCELLATION / SOLAR ENVELOPE 

© LGBC 2013 



 
The definition of solar envelopes may affect the distribution of buildings and 

therefore the density within a neighborhood. 

 

 

 

SOLAR ENVELOPE 
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The adjacent diagrams illustrate 

applications of the solar envelope 

whereby the taller buildings would 

receive solar radiation during the 

colder months of the year. 

 

 

This will make both front and back 

buildings more energy efficient by 

benefiting from passive heating. 

 

 

The approach also allows flexibility 

in positioning the buildings on the 

parcels. 

SOLAR ENVELOPE 
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Massing and parcellation 
 

Potential massing options that  propose different energy efficient  approaches 

may require adapted parcellation strategies. 

Smaller footprint  = less  incident solar radiation on the roof  

   increased contact with wind movement.  

  

Llarger footprint = more solar radiation on its roof 

   less ventilation potential. 
 

MASSING 

© LGBC 2013 



OTHER DESIGN PARAMETERS 

 

• Space between the buildings 
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The distribution of regular buildings, is 

shown in the adjacent image. 

 

The two options have east west oriented 

streets  

 

Distance between blocks is 10m  

Height= 12m 

Distance along Y is 20m 

 

The shadows  are due to the  radiation 

throughout the day. 

 

The different configurations affect the 

parcellation  layouts and open space.  
 

Dec . 21 

Jun . 21 

SPACE BETWEEN THE BUILDINGS 
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NEIGHBORHOODS 
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A building in context is affected by: 

Climate 

• Solar radiation 

• Wind movement 

• Humidity levels 

• Rainfall 

 

Infrastructure  
• Vehicular private transport 

• Public transport 

• Energy strategy 

• Water availability 

 
Adjacent buildings 

 

 

CONTEXT 
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A building in context is will affect: 

Urban Climate 

• Urban Heat Island effect 

 

Infrastructure  
• Generating traffic 

• Additional energy load 

• Additional water needs 

• Waste generation 

 

Space between buildings 

 

CONTEXT 
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Configuration of streets 
 

Orientation of streets 

 

Proportions of the negative spaces 

 

Relationship of width of road to the height of the 

building – as per the orientation 

 

SPACE BETWEEN BUILDINGS 
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Streets  

Orientation of negative spaces with respect to solar 

incidence. 

For a street width of 16 m and a building heights of 15 m, 

at a latitude 26 degree north, simulations have shown the 

following results. 

 

For an East/West oriented street the overall yearly 

irradiance is shown in the adjacent diagram. 

 

 

 
 
 

E/W 
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Streets  

For a street width of 16 m and a building heights of 15 m, 

at a latitude 26 degree north, simulations have shown the 

following results. 

 

For a North/South oriented street the diagram shows the 

total yearly irradiance.  
 
 

N/S 
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N/S 

E/W 
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Streets  

 

Orientation of negative spaces with 

respect to solar incidence. 

 

When comparing the streets with 

different spatial  configurations but 

same orientations it is interesting 

to observe the incident solar 

radiation throughout the year.  
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The urban heat island is the modification of the atmosphere by 

urbanization, which is accompanied by an increase in air temperature. 

URBAN HEAT ISLAND EFFECT 
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Strategies to reduce the negative impact of the UHI 
 

  

Reduce heat gain through: 

 

• Designing open spaces, better building spacing and with more vegetation;  

• Replacing dark surfaces with more highly reflecting materials; 

 

Increase heat loss through: 

 

• Increasing air flow between buildings by careful consideration of urban forms; 

• Maintaining a large sky view to facilitate nighttime cooling; 

• Increasing the extent of water evaporation and evapo-transpiration by planting 

more vegetation and reducing the extent of non-permeable surfaces. 

  

URBAN HEAT ISLAND EFFECT 
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Hamra neighborhood 
 

 

 
 

CASE STUDY 
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@ 120 m 

Building to city 
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@ 260 m 

Building to city 
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@ 660 m 

Building to city 

© LGBC 2013 



@ 1.1 km 

Building to city 
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WIND 
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WIND 
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WIND 
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WIND 

© LGBC 2013 

• Clean air 

• Reduce domestic waste 

• Save water 

• Save energy 

• Increase wildlife 

• Protect open spaces 

• Reduce traffic 

• Safer streets 

 

• More skilled people 

• More jobs 

• More capital for business 

• More tourism 

 

• Less poverty 

• Improve services 

• More local democracy 

• More sports 

• More arts and culture 

• Maintain heritage 

 

* Based on SBTool, UN Habitat, 

Eco 2 Cities (World Bank) 
 



Urbanization 
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CITIES 
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@ 2.5 km 

Building to city 
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Building to city 

@ 4.4 km 
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CITIES 
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CITIES 
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CITIES 

1, 2, 3, 4, 

5, 6, 7 

Survival Sustainability 

Maintaining the quality  

of life 

Improving the quality  

of life 
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So,  

 

 

 

 Is it sustainable ? 



CITIES 
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Person 

  The idea that the human body thermally activates a  

  space, that our warm bodies serve as an engine  

  which heat the air flowing in beneath the lecture seats. 

 

City 
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