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Environmental Innovations Techniques

in the Sustainable Oman House

Prof. Awni Shaaban
College of Engineering, Sultan Qaboos University
Email: awni@squ.edu.om/ Phone: +96899283840
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0-Introduction
The world is facing crises of resources depletion, air and water pollution, and insufficient
infrastructure. Most countries in the world are addressing the crises by introducing
sustainability development plans, with sustainable housing as its central issue. The Sultanate
of Oman built five national sustainable Houses, for various climatic regions, as sustainability
prototypes to provide guidelines to governmental local authorities, developers, and contractors.
This paper presents a summary on Oman Sustainable House at Sultan Qaboos University
(SQU), which considers the environmental constraints as a central catalyzer to the other design
parameters.

The project was implemented by a team of the faculty and students of the College of
Engineering lead by Prof. Awni Shaaban and was completed in 2017, with the support of the
university projects department. The work was implemented through the following stages: Pre-
design research, Design drawings, Construction documents, Site supervision, Post occupancy
monitoring and research.

The house achieved LEED Home Gold Rating level by satisfying the following categories:
Innovation & Design Process, Location & Linkages, Sustainable Sites, Energy & Atmosphere,
Materials & Resources, Indoor Environmental Quality, Water Efficiency, Awareness &
Education.

This paper presents a summary of the innovations techniques that were developed through
years of research, design, and construction as follows : Development of the Sustainable form,
The Double shell system, Types of shading devices, Photo voltaic power supply, Sustainable
landscape, Natural ventilation, Heat exchanger water fountain, lllumination enhancement by
light reflectors, Thermally efficient building material, Sewage water treatment.
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1-Muscat climate constraints

Muscat climate is characterized by hot maritime desert climate with high temperature and
humidity. A previous analytical study of the climate by the author indicates seven overheated
moths, five comfort months, and no cold months. Shading of the buildings and the surrounding
spaces is required throughout the year, and even in the comfort period as shown in Table-1.

Table.1-Analyses of Muscat Region Climate
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | SEP | Oct | Nov | Dec

Comfort Overheated period Comfort

2-Development of the sustainable form

The building form was developed to meet the following environmental requirements: Climatic
constraints, Optimum thermal performance, Maximum shading, cooling by natural ventilation,
Visual integration of interior with the outdoors environment, semi enclosed outdoors family
spaces, Integration of Oman tradition with contemporary sustainable living.

In response to the above requirements the house was designed in an H-form Fig-1a, inserted
within a box shell Fig-1b, resulting in an overall form of a house in a box as shown in Fig-1c-
d, and the final plan is shown in Fig-2. The family room is a double volume central visual hub
that connects all the other rooms at the two floors. It also oversees North and South U-shaped
semi-courtyards, creating a visual integration of interior with the outdoors environment. They
also act as air to scoop sea and breezes and direct them to the inlet windows of the central
family room.

Fig-1 Development of the house form
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a-The basic H-Form b- H-Form within a
Fig-2 Plan development

2.1-The North semi courtyard

It is the family summer semi-outdoors space fully opened to the North, defined by two side
walls, and the protruding PV panels from above Fig- . It also works as air to scoop the NE land
breeze and direct it to the inlet window of the central family room. The design concept was
inspired by the traditional air scoop of the Gulf Countries.

2.2-The South semi courtyard

It is the family winter semi-outdoors fully opened to the South, and defined by two side walls,
and the protruding roof canopy from above Fig-4. It is further shaded by horizontal canvas
strips, and date palm wood screens. It has a central water fountain enhanced by greenery. It
also works as air to scoop the sea breeze and to the inlet window of the central family room.
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3-The double shell system

Buildings external surface temperature is described by a term (Sol-Air temperature) , which is
combination of external air temperature, and the temperature equivalent of solar radiation.
The Double-Shell system aims at shading all the building external surface, causing the removal
of temperature equivalent of solar radiation, and keeping the surface temperature close to air
temperature. The total shading system was developed by Ecotect software, starting from the
free H-shape Fig-5a, to the development shading of roof, E&W walls Fig-5b, and the S-walls
Fig-5c. The total outer shell is given in Fig-5d. The system is classified into double-roof and
double-wall systems.

=

Fig-5 The Ecotect development of the double-shell system
3.1-The double-roof system
The roof was shaded by a group photo voltaic panels (PV) lifted up from the roof with 60cm
cavity space, and tilted at 23.5 0 towards South to maximize electricity input. Date palm wood
screens are inserted between the PV panels to complement roof shading. The PV tilt scoops the
prevailing North-Easterly wind through the roof cavity, causing the cooling effects to the roof
and the PV panels Fig-6a .

Fig-6 Double-Roof system

3.2- The double-wall system

Walls are surrounded by a colonnade creating a cavity next to the walls and supporting shading
devices. The East and West have 80 cm wide cavities, and shaded by climber plants trellises at
the ground floor, and by canvas vertical strips date palm wood screens at the first floor. The
cavity adjacent to the South walls is enlarged into a semi- courtyard shaded by a roof plate,
date palm wood screens, and horizontal canvas strips Fig-6b.
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Fig-6b Double-wall system
4-Types of shading devices

The shading devices of the outer shell are designed with the following requirements:

e Light weight to avoid heat storage.

e Their configurations should help to induce air currents in the cavity

e Easy to construct on site, and easy to maintain, and with very low cost.

e Made from local sustainable material
4.1-Vertical Canvas Screens
canvas strips is stretched vertically by wrapping its ends around a metal bar, which is
connected to a support channel with a pivot bar. The pivot nut is tightened by nuts to gain
maximum stability and to overcome wind flutter. The pivot also enables the rotation of the
vertical canvas to a specified angle for optimum shading position, and to intercept the
prevailing wind to induce air currents to cool the cavity Fig-7.

Fig-7 Vertical Canvas Screens

4.2-Horizontal Canvas Screen

The sagging of the horizontal canvas strips was overcome by introducing curved galvanized
hollow tubes through the middle and at the end of each stripFig-8a. Two screw pivots connect
the end curved tubes to columns anchors Fig-8b. The screws nuts were tightened on each pivot
to achieve stability and avoid wind flutter Fig-8c-d. The positions of the two pivots were
positioned were located to achieve a specified angle for optimum shading position, and to
intercept the prevailing wind to induce air currents to cool to the South courtyards.
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Fig-8 Horizontal Canvas screen

4.3-Date palm shading screens

An 80 cm wide strips were woven from date tree branches by local craftsmen Fig-9a . They
were treated against termites and weather conditions and stored on site Fig-9b. Pieces were
then cut from the strips on site to the specified screens lengths Fig-9c. The use of the strips for

Fig.9- Date palm shading screens

4.4-Bio-walls of climber plants

Climber plants are grown on vertical cables Fig-10a, and the grow up to fill in opening at South
court yard Fig-10b, and E&W colonnades Fig-10c. The types of plants are special selected to
be tolerable to intense solar heat, difficult soil, and require minimum irrigation.

4.5-Urban space shade

Canvas sheets were twisted into synclastic three dimensional forms to overcome wind flutter ,
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5-Photo voltaic power supply

5.1-The photo voltaic system

Power of 20 KW is supplied by 80 modules tilted at 23.5 0 for optimum efficiency, The rated
power for each module is 250 watt Inverter is used to convert DC to AC power Fig-11a. The
heavy cost of batteries was avoided by connecting to the city grid. During the day the surplus
power is exported to the grid, and t night it is imported from the grid. A bidirectional meter
calculates the export-import quantities. The configuration and distances between the panels
were tested on the heliodon to avoid over shadowing Fig-11b.. Date palm panels were inserted
between the PV panels as walkways for maintenance work Fig-11c.

Solar water heater supply all the necessary hot water for the all house activities including washing,
bathing , and cocking Fig-11d .

Fig.11- Photo voltaic power supply

5.2- roof shading by photo voltaic panels

Double benefits were obtained from the PV panels. They were used as an outer shell of the
double-roof system the in addition to producing electric power. The tilt PV panels was adjusted
for optimum solar efficiency, and to scoop the wind through the roof cavity for maximum
cooling effects to the roof and to the PV panels, as explained in details earlier in Item-3 .

6-Sustainable landscape
The landscape has been designed to meet sustainability requirement and to improve site
microclimatic, by providing shade, and redirect wind currents to cool the ground and the
building. Trees were selected according to the criteria of: Low water, Drought and heat
tolerance, and the ground surfaces are combination of:
e Hard surfaces (tiles, cobblestones) which are shaded to minimize absorbs solar
radiation.
e Soft surfaces of grass type (Sesuvium portulacastrum) was used dissipates solar heat by
evaporation and photosynthesis Fig-12. Bio-wall of climber trellises are major elements
in the Double-Wall system as shown earlier.
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Fig-12 Sustainable landscape
6.1-Shading effects
Shading patterns were plotted and a sample is sown in Fig-13. Three types were planted for
various shading and wind currents flow requirements: Umbrella (a), Spherical(b) , and
Cylindrical (c). Shading typologies were tested in the Heliodon (d) as shown in Fig-13.

Fig.13- Shading patterns of three trees typologies

6.2-Wind control
Trees are specifically located to redirecting and cool wind currents Date palm. trees are located
N/E cornet of the site, while Cylindrical trees at N/W and S/E as shown in Item 7.1

7-Natural ventilation

Human comfort by natural ventilation has long been forgotten, and people relay completely on
air conditioning, with heavy cost of the power consumption. Muscat climate is within comfort
limits for five months, so ventilation was introduced, with saving on air conditioning cost.

In the following is shown three steps to activate air ventilation:

7.1-Trees forms and location

Trees are located to redirect and cool wind currents Fig-14 a-b. The date palm trees at N/E to
allow prevailing wind to flow between their long trunks and pass over grass lawn to cool air
before entering inlets Fig-14c-d. The cylindrical trees, on the other hand, are located at N/W
corner to deflect NE to the N-courtyard Fig-14 e. Also cylindrical trees at located at the S/E
corner to create negative pressure to attract wind flow Fig-14f.
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Fig-14 Trees impact of on wind currents

7.2-The building form
The H-Form North and South courtyards act as large air scoops formed by three walls and
covered by PV panels, and they scoop wind to the inlet windows Fig-15. The design was
influenced by the traditional air scoops at the Gulf countries.

5 Air scooping by building configuration
7.3-Inlets and outlets locations

Wind pressure differential affects the horizontal flow Fig-16a, with the inlets and outlets Ito
respond to the diurnal cycles of sea breezes. Thermal stack pressure differential is maximized
by the double volume height of family room. The lower inlets attract cool breeze, while the
upper outlets are used to expel the accumulated warm air Fig-16 b-c. Lessons are learned from

traditional Omani architecture in which natural ventilation Fig-16d.

DAY TIME

a 7 b c
Fig-16 air currents patterns inside the building

8- Heat exchanger water fountain

It is a fountain sitting on top of three meters deep concert underground water tank Fig-17 a-b,
whose temperature is about 8 degrees lower than outdoors air temperature. Air currents are
cooled as they pass over the fountain water spray Fig-17c. then enter the air inlets of the living
room.
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SECTION 3-3

SCMET )

a b c

Fig-17 Heat exchanger fountain

9-1llumination enhancement by Light reflectors

The thermal model required limited number of small totally shaded windows to cut down on
solar heat impact. This resulted in a low level of natural lighting. The problem is solved by
introducing reflectors to re-direct natural light beams into the deep spaces to substitute for this
deficiency. It also created a visual expansion and spaciousness and vitality of the interior space
due to perspective illusion. The plan in Fig-18a shows the light path as it passes over several
walls reflectors in the first floor living room. It was implemented into simple flat mirrors were
cut to specified sizes and glued to walls and ceiling Fig-18b.
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Fig-18 Inter-reflection of light at the first floor
The section in Fig-19a shows the light path as it passes over a combination of ceiling and walls
reflectors in the double volume family room. The implemented ceiling and wall reflectors are
also create perspective illusion and sense of spaciousness in Fig 19-b . The ongoing monitoring
and measurement indicated considerable improvement of lighting levels with the limited sizes
and number of windows.
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Fig-19 Inter-reflection of light at the double-volume family room

10-Thermally efficient building material

Walls are built of thermal blocks of high thermal resistivity at 20cm inner layer, 10cm outer
layer with 5¢cm insulated cavity. The roof is provided with 10cm layer of thermal insulation
Fig-20.

Fig-20 Thermal block construction material

11-Sewage water treatment
Kingspan Klargester sewage treatment compact unit was installed to treat all the black water.
It provided a reliable, environmentally safe solution and was used for plants irrigation.

12- Monitoring and ongoing research

The performance of the building has been monitored and tested, and the recordings are stored in a Data
Acquisition System (DAS). The output is published on the Eco-House website Fig-21. In the following
are the continuous monitoring, and examples of the output is shown in Fig-21.

e Comfort zone: keeping all living spaces in 25 °C -27°C temp. and 50%- 70% RH.

e Energy balance: to compare energy produced to energy consumed

e Home appliances performances: lighting and electronics

o Efficiency of solar heater
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Fig-21 Samples of monitoring output

13-Conclusions and recommendations
a-The world is facing crises of resources depletion, air and water pollution, with insufficient
infrastructure. Countries must plan sustainable development, with housing as a central issue.
b-This paper presented summary of innovations techniques to be used to support the
sustainability design guidelines for Oman. They could be adapted and modified for various
localities of Hot-Climate regions of the world.
c-The presented innovations should be considered within the following context:
e This project considers the environmental issues as a center to all other parameters.
e Economy is emphasized by using simple local material and construction techniques.
e Sustainability additional costs would be paid back by saving on power and other
resources.
e The above techniques would be more feasible on housing complexes due mass
production, and environmental integration among the units and with the urban spaces.
e The design methodology was applied to housing, and can be used other buildings.
d-We conclude with an invitation to universities, research establishments, and Engineering
consultancies, to a future collaboration on green building projects in the world. We have
detailed technical information and design details of each of the above items in the form of
publications and technical reports, and we would like to make them available, and supplied on
request.
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Irag Planning Experience in Sustainability

Engineer Ali Nuri Hassan / Architect and Urban Planner
Dar Al-Emara Office for Engineering and Architectural Consultors

Summary

Sustainable planning is one of the topics that attracted the attention of developed countries
and they are trying to maintain & reserve natural resources. They use renewable resources
such as solar & wind energy, and preserve the environmental factors, both in urban and rural
areas. Iraq is seeking to achieve those goals & policies through planning in a way that do not
harm the future generations. But it is facing huge challenge, especially in the fields of
agriculture, environment and urbanization. Various practices in Iraq have been clarified in this
paper, and comparisons have been made using photos of the past and the present. There is
huge increase in number of cars, the deterioration of public transport, and infrastructure in
general. The expansion of cities on agricultural land, and the migration from the countryside
to the cities brought rural habits to the cities, and led to losses in both directions (the loss of
agricultural land, and bringing rural behaviors to the city). The paper attempts to trace and
pinpoint the most important existing negative trends, and seeks ways to reform them with
photos to compare the existing cases with the near past situation.
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The Impact of Plastic Waste on the Degradation

Environmental Sustainability Systems

Engineer Asmaa Sobhi Abdel Wahab
Member, Publication and Advertising Committee-Iragi Engineers Union

Summary

The impact of plastic materials is causing catastrophic effects on various living organisms and
humans. Plastic is mainly manufactured from petroleum and is characterized by being strong
and durable, as it consists of particles large in size and are linked to each other by long-term
chains that need many years to disintegrate and decompose. Plastic materials constitute a large
proportion of waste in the environment, and the dangers of plastic are summarized in that they
are not rapidly degradable, and it needs hundreds of years to decompose. That poses great risks
to soil, land, marine environment, as well as to living organisms. There is a need for concerted
human efforts in various countries the world to reduce this pollution and adopt policies that
limit its production and use. This emergency prompted the United Nations to raise the slogan:
defeat plastic pollution and proposed solutions and a road map to save the planet from the
danger of this pollution.
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Glossary of Technical Terms

Role of the Inverter in the Photo Voltaic System
Hardy Zangana, LEED AP® BD+C / Mechanical Engineer
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The invertor or inverter is a system or device where process of converting direct
current (DC) to alternating current (AC) through a power electronic device takes
place. The resulting AC frequency obtained depends on the particular device
employed. Inverters do the opposite of rectifiers which were originally
large electromechanical devices converting AC to DC.
It is an essential piece of power equipment that is widely used in modern electrical
systems (for example- smart appliances, industrial automation, electric motors air-
conditioning , and many more power devices).
It has an important role in the PV system technology as it converts DC power from the
grid into AC before it reaches the unit, which improves energy efficiency and reduces
overall electricity bills Fig-1.
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Inverter

consumption
Average power consumption is low.

Each restart means starting over from scratch,

Power consumption 50 consumes extra power.

Fig-1. Power consumption

The inverter air conditioner uses microprocessors to control the speed of its
compressor motor to match the required output. Once the room is cool or warm, an
invertor air conditioner lowers the speed of the motor to save energy and maintain the
desired temperature.

The Invertor systems have direct and significant effect on LEED, Sustainability and
Green Building since most of the energy consumed by any building is through HVAC
system & Pumps . Invertors fans & compressors will be used to reduce the energy
consumption through controlling the fan speed and compressor frequency and load
per the required load. This leads to lower power consumption and lower carbon
emission Fig-2.

(comparison with a conventional AC motor)
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Pioneers Documentary
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5-Plastics Rubber Petrochemicals Chemicals

Printing & Packaging Industry Exhibition"

0-12 Oct 2023

Oman Convention & Exhibition Centre, Muscat, Oman

OMAN PLAST is an exclusive international exhibition and conference focused on the
plastics, rubber, petrochemicals, chemicals, fertilizers, plastics recycling, printing, and
packaging industries. The objective of this prestigious event is to showcase products
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and services related to these industries to the fast-developing market of the Sultanate
of Oman and GCC countries, while also encouraging trade links between Oman and
the rest of the world. OMAN PLAST is expected to set new records in terms of
exhibitors, visitors, industrialists, professionals, technocrats, traders, and businessmen.

6-International Solid Waste Association World Congress 2023
30 Oct - 01 Nov 2023

Oman Convention and Exhibition Center, Muscat, Oman

"Global Action Towards Net-Zero Future"

The ISWA World Congress is a gathering of over 1,000 professionals in solid waste
management, government officials, industry leaders, policy makers, scientists, and young
professionals. The event will cover topics such as socioeconomic impacts of waste recycling,
health and safety, policy regulation, and achieving sustainable development goals.
Highlights

e The leading waste management event taking place for the first time in MENA
region

e Meet the Experts to exchange views and opinions for knowledge of sustainable
solid waste management

e Advance your career with technical side visits and a cultural and social program

e Make a difference by contributing to achieve a net-zero future

7-Project Oman 2023

23 - 25 Oct 2023 Add To Calendar

Oman Convention & Exhibition Centre, Muscat

Project Oman is a construction exhibition in the Middle East and Africa that showcases
infrastructure and building materials. It promotes investment opportunities in Oman and
fosters international trade and business partnerships.
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