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Abstract

With the nearing of the year 2020, all countries around the world are seeking to minimize
their CO, emissions, and in consequence their non-renewable energy consumption.
Lebanon, a developing country has set a target for the year 2020; energy production
through renewable material shall constitute 12% of the total production. Less energy
import and or production through energy efficiency in the built environment is an
important strategy in order to reach the target.

In this paper, the author will investigate how much energy could be saved if new / modern
/ energy efficient dwellings could be designed for the densification of a coastal town. An
extensive research was conducted on passive techniques, modern and traditional materials,
building techniques as well as thermal and energy performance of a vernacular residence in
the selected area. Evaluated passive techniques were tested via appropriate software and
the achieved savings were compared against best practice standards (UK). The simulations
have shown that a 49% improvement in cooling load has been achieved when living spaces
are oriented north, thermal mass is procured through concrete construction, shading is
controlled and natural ventilation is provided.
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Introduction

Lebanon, a developing country, suffers from a great deficit in the electricity sector. In an
article published by the World Bank in 2008, the Lebanese electrical sector has been
described as being “at the heart of a deep crisis”. The country is incapable of meeting the
demand; industrial, commercial and residential which leads to shortages. These shortages
or power cuts are a regular incidence in most Lebanese cities that could get to up to
12hours, hence the need for back-up arrangements. The graph below shows the
consumption share per sector as per EDL’s files dating back to 2001 (Karaki, S. et al.,
2001).

IO ..4 The biggest share (38.5%) is for residential
Loss 6.50% R use which includes small businesses such as
offices with ten employees or less.

Several UNDP projects have been brought
forward to assist remote cities in the
increasing cut offs. This paper will research
and evaluate passive techniques to
ominaE minimize energy consumption in new built
establishments in Sahel Alma, through the

examination of techniques applied in
Figure 1: Energy distribution per sector in Lebanon traditional constructions.
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To facilitate the research work, some milestones have been appointed:
- Evaluate thermal and energy performance of a selected vernacular residence in
Sahel Alma.
- Simulate selected techniques with a modern floor plan using IES.
Varied research methods will be used to help investigate each point to the fullest:
- Energy and thermal performance will be studied through the data monitoring via i-
buttons measuring the temperatures in the vicinity at 30mins intervals.
- The resulting floor plan will be developed using the computer aided softwares for
thermal analysis (IES).

Background
Lebanon, due to its geographical location is endowed with a cold winter season, a hot and
arid summer season and two mild seasons in between: spring and autumn. Lebanon can be
divided into four clear zones:
- Coastal zone (1): Running along the Mediterranean Sea with less than a 1000
degree days.
- Mid-Mountain zone (2): Horizontal running zone parallel to the coastal zone which
has between 1000 and 2000 degree days.
- High Mountain zone (4): The middle areas which has over 2000 degree days.
- Inland zone (3): The last series situated on the inner horizontal along Lebanon, also
known as the “valley” and which has between 1000 and 2000 degree days.

O 20 _dokm _ ® In all the above mentioned zones the wind
flows as follows:
- From the coast towards the valley
during daytime
- From the valley towards the coast
during nighttime.
Sahel Alma is a small town in the coastal
zone, located on a hilltop overlooking the
Mediterranean Sea at an altitude of 450
meters. The wind speed is between 3.5 to
5.0 m/s measured at 80 meters above
ground level and 3.5 to 4.5 m/s at 50 m
above ground level (UNDP, 2011).
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Figure 2: Lebanese map with coastal zones
From data loggers installed around the case study in Sahel Alma, the lowest temperature
achieved was found to be 5°C over the early morning and late afternoons, while the highest
temperature was 39.5°Cmid afternoon. A resident of the area with a hobby of keeping
records has confirmed that the town’s averages for the year 2011 were: 9°C as a minimum
and 32°C as maximum.




Analysis

A case study has been chosen to observe the thermal and energy performance of a
traditional central hall house in Sahel Alma of 195.5 m? area. The house is north — west
facing with a balcony overlooking the surrounding plantations and the coast. With its
location on a hilly site, the house is exposed to wind without any neighboring buildings to
attenuate the wind speed.

The below CAD floor plan shows the house’s distribution; the rooms have been distributed
depending on the residents and the utilities. Data loggers have been installed in key rooms
to monitor the thermal performance of the house.
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Figure 3: Traditional house floor plan

In the above graphical representation, available cross ventilation is represented showing
some internal windows separating rooms which over the summer period could be kept
open in order to provide the passive cooling required. In most rooms, high placed
openings, round or square enhance the cross ventilation process.

The below graph shows the temperatures in various spaces of the house on 11" March
2011, featuring the lowest registered temperature of 5.5°C over the monitored period.




Monitored Winter Temperature

11 March 2011
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Figure 4: Temperature monitoring on the coldest day

Monitored Summer Temperatures

10 June 2011
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Figure 5: Temperature monitoring on the hottest day

The outer temperature
has an  oscillatory
movement that does
not show in internal
temperatures. A
thermal  performance
found in traditional
construction only, due
to the thermal mass
provided by the
materials used such as
limestone and rock.
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The graph opposite
shows the day when
the highest
temperature of 39.5°C
was recorded, June 10

Dining room (9D)

Summer living room (89)

2011. Same as on
v March 11, the
o oscillatory movement
I of the outer
temperature is  not
visible in the internal

ones.

On the contrary, the internal spaces tend to show a high temperature in the late afternoon

as a result of cumulative heating.
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Figure 6: Modern floor plan with cross ventilation flow

As part of the analysis, and the
densification of Sahel Alma, a
modern floor plan for affordable
housing, rectangular shape of 64m?2
areas has been created; shown in the
opposite plan. A small courtyard or
duct will be designed for a
continuous floor plan (blue square
reservation on the opposite plan).
This plan was used to evaluate
which of the following strategies:
Orientation, Materiality and
Ventilation is the most convenient to
achieve minimal energy
consumption.




Several passive strategies have been established by sustainability pioneers of the field,
three of which: Orientation, Materiality and Ventilation have been tested using the
environmental software IES. The choice of strategies has been completed by observation
of the European designs implemented in Lebanon regardless of their environmental
suitability and based on the literature review on the topic. Research have been completed
on case studies in hot countries such as Iran by S. Roaf, who evaluated the improvement
achieved by the addition of a wind catcher; the study was further researched by A.
Foruzanmehr in his dissertation, showing the necessity of a wind catcher as a passive
cooling strategy. In her book “Ecohouse: a design guide” Sue Roaf states a case study
completed in Israel demonstrating the necessity of natural ventilation through opposite
window openings and their orientation explaining the connection between wind direction
and openings orientation.

The below table summarizes the values from the different simulations completed on the
above mentioned affordable floor plan.

Good 2 monitored
Best Practice | Innovative | Pioneering 2
practice (kwh/m/yr) | (kwh/myn | Jm¥/yr) house Enhancement (KWh/m?/yr)
(KWh/m?/yr) (KWh/m?/yr)
Orientation (living spaces) materiality Shading
sun +cross
west south east north modern traditional
controlled | ventilation
Cooling
— unknown 153.56 126.01 121.46 109.88 153.56 173.70 153.56 77.92
Heating
Load 79 a7 30 20 155 0.95 138 2.62 2.83 0.95 12.62 0.95 0.43
Electrical
Lo6d 54 43 35 25 60.18 61.00 61.00 61.00 61.00 61.00 61.00 61.00 61.00
0a

Table 1: Energy consumptions

When studying the orientation for the house, the above table shows that when the living
spaces are oriented north the heating is reduced from 20KWh/m?/yr for best practice to
2.83KWh/m?/yr registering an 85%. The cooling load, critical for the location studied,
dropped from 153.56KWh/m?/yr to 109.88KWh/m?/yr with 28% less by changing from
west to north.

NDP IE IE -

reqtjirements modgrn traditi?)nal In regards to materiality, the

Roof 057 03232 05917 lower the U-value the better
wall 2.1 0.3075 0.9425 thermal performance of the space.
Vertical Current  European techniques
Glazing 6.2 2.5537 3.2258 implemented in new built have
Skylight 4.3 N/A N/A low U-values and a lower heating
E,):(Ei)sf d 26 0.4108 1.0828 consumpt_ion than t_he traditio_nal
Semi- construction techniques which
Exposed have closer U-values to the
Floor 2.6 N/A N/A recommendations of the UNDP*.

Table 2: U-values for constructions

Nowadays, contemporary techniques and new social living standards prevent the
application of traditional materials from providing the thermal comfort featured in
vernacular architecture such as the monitored house. The stone previously used as source
of thermal mass has been replaced by concrete and thermal insulation was added. Houses
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are smaller hence less opportunity for adaptation; therefore a more efficient construction is
required.

Working with shading systems has provided the best improvement in energy performance
by regulating the systems to allow for cross ventilation while preventing solar radiations
from entering the residence (last column). By doing so, the heating consumption has been
reduced from an original load (living oriented west) of 0.95 KWh/m?/yr to 0.43
KWh/m?/yr (last column) registering a 72% improvement with a cooling load reduction
from 153.56 KWh/m?*/yr to 77.92KWh/m?/yr coming down to a 49% reduction.

The low heating load figured in the monitored house is the result of thermal mass which
allows the confinement of heat within the house; in addition to the many passive ways
utilized by the residents in order to keep warm, such as additional clothing, carpets and
curtains. Those simple but effective ways are becoming less of an option with the new
lifestyles people are leading; nowadays, people prefer to wear less and heat more.

The cooling load is stated as “unknown” as the residents use cross ventilation as their
primary technique, and in case of necessity, they resort to air conditioning which is
included in the electrical bills stated above. Over the period monitored (i.e. the bills) a very
small part of the consumption was due to A/C roughly 2% of the overall amount.

Conclusion

Minimizing energy consumption in residences in Lebanon is a pressing matter that ought
to be treated seriously, as we are approaching a time where energy is becoming more
expensive and scarce. Vernacular buildings, adapting basic techniques of construction have
proved to be energy efficient through thermal mass provided by the conveniently locally
sourced materials. Nevertheless, materiality alone did not provide the best improvement as
proven by the IES simulations completed, it is through the mix of proper orientation,
materiality shading and ventilation techniques that the maximum energy reduction is
achieved. When shading systems are controlled to allow for cross ventilation in the
residence, 49% of the cooling load was shed.

UNDP*: United Nations Development Programme conducting studies and research
for energy improvements in Lebanon.
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