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ABSTRACT 

Energy security is a significant challenge facing Jor-

dan and a burden on the Government due to the 

limited local energy resources. Ensuring the coun-

try’s sustainable development requires an effective 

energy reduction plan mainly on the existing build-

ing stock due to its high energy consumption rate, as 

residential and public buildings in Jordan consume 

around   20% of the total Energy consumption. Exist-

ing buildings provide great opportunities to reduce 

energy demand when being retrofitted following 

energy efficient approach, especially in Jordan as the 

annual construction work on existing buildings, that 

have been given licenses, has increased by approxi-

mately 46% from 2007 to 2017 while the annual new-

ly-built areas have decreased by around 33%. Since 

people are already renovating existing buildings, 

building on them, or reusing them for a different 

function, this guide aims to promote and discuss the 

Energy Retrofit concept as well as the related issues 

with a special focus on the building envelope to op-

timize energy efficiency and thermal comfort. It also 

provides an understanding of the current situation 

of the main existing building envelope components, 

issues and practices, an assessment of the thermal 

performance of roofs, external walls, Fenestration, 

Partition walls between different units and slabs 

between different floors, and suggests retrofit solu-

tions, which are internal or external insulation, with 

a calculation of the minimum thermal insulation 

thicknesses required to achieve the requirements 

of the Jordanian Energy Efficient Building Code for 

each building envelope component. The four main 

building envelope retrofit strategies, which are im-

proving the thermal performance of the building’s 

ROOF and EXTERNAL WALLS by adding thermal in-

sulation and improving the thermal performance 

of the building’s transparent surfaces by installing 

double-glazed WINDOWS with enhanced thermal 

performance for glass and frames, as well as install-

ing SHADING devices on the south facing windows 

are examined for two building typologies, commer-

cial and residential, in two climate zones in Jordan 

(Amman and Aqaba) in order to show the poten-

tial of energy savings. The results have proved that 

when combining the four main proposed energy 

retrofit strategies, it reduces the total cooling and 

heating energy use for commercial buildings by 53 

% in Amman and 45% in Aqaba, For the residential 

typology, the total reduction percentage is around 

50% in Amman and 47% in Aqaba.

 

Keywords: building envelope, energy retrofit, en-

ergy-efficient buildings, energy optimization, ther-

mal insulation, thermal insulation, thermal comfort
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1. ENERGY IN 

JORDAN & THE BUILT 

ENVIRONMENT

1.1. Background 

Jordan has been facing significant challenges includ-

ing ensuring its energy supply; the country relies on 

foreign energy resources [1]. It imports more than 

95% of its energy needs, which are mainly natural gas 

and oil, from neighboring countries, taking into ac-

count being a country with limited indigenous energy 

resources [2]. The contribution capacity of natural gas 

has amounted to 88% of the total electricity generat-

ed in the country [2]. This reliance added another bur-

den onto the Jordanian government between 2011 

and 2013 when the natural gas supply dropped due 

to several explosions in gas pipelines in Egypt which 

resulted in more pressure on oil products [1]. Oil prod-

ucts represent more than half of the energy mix with 

61% in 2008 which decreased to 56% in 2016, and it 

is projected to slightly decline to reach 50% in 2025 

(table 1). Even so, it is still an enormous and dominant 

percentage, and there is a need for energy conser-

vation plans to decrease energy demands.

Figure 1: The energy mix in Jordan 2016, 2020, and 2025. 
Source: Ministry of Energy and Mineral Resources, 2017.

Crude Oil 
and Products

Coal 
and coke

Renewable 
Energy

Nuclear

2016            

2020            

2025

Natural 
Gas

Electricity 
Imports

Oil 
Shale

56% 4%

4%

4%

5%10%

10% 22%6%

30%

4% 35%

51%

50%

Table 1: Final Energy Consumption by sector 2012-2016.                                       
Source: Ministry of Energy and Mineral Resources, 2017.

Transport

Industrial

Residential 
and Public 
Buildings

Services 
& Others

Total 

2012            2013            2014        2015         2016

2520            2734            2558        2811         3184

1198            1109           1152        1272          1342

 744             617.1            718          754            826

5383           5384.1         5507       5828          6416

921              924             1079         991          1064

8%
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Figure 2: Final Energy Consumption by sector 2016. 
Source: Ministry of Energy and Mineral Resources, 2017.

1.2. Energy in Buildings

The building sector consumes 40% of global energy con-

sumption and contributes to around one third of global 

Green House Gas (GHG) emissions. When Buildings be-

come energy efficient, they will have a high potential to 

reduce energy usage on large scale. The GHG emissions 

of buildings are more likely to be significantly reduced 

in comparison to other main emitting sectors [3].

Energy consumption of new and existing buildings can 

be reduced by estimated 30% up to 80%, “with potential 

net profit during the building life-span”, using “proven 

and commercially available technologies” .3

All the above facts emphasize the imperative 

need for promoting Energy Efficiency in Buildings 

throughout their lifespan; during design, con-

struction and operation.

Figure 3: Contribution of buildings in Global energy 
and water use, GHG emissions, and solid waste.                                                                                                                        
Source: UNEP, 2012. 

The last few decades in Jordan have seen an enor-

mous increase in the energy usage in the building 

sector. The noticeable increase in the residential sec-

tor’s electricity consumption is due to improving the 

Residential and Public Buildings’s power purchase 

which has increased the acquirement of additional 

appliances [2]. Modern conveniences have spread 

among Jordanians and resulted in higher energy 

consumption for electricity [4]. Residential and pub-

lic buildings in Jordan accounts for around 46% of 

the total electricity consumption and is considered 

the largest portion of energy usage in 2017 [5].

To sum up, Buildings have a high potential to re-

duce energy demand when being retrofitted to-

wards an energy efficient approach, and therefore 

reduce GHG emissions.

Transport Industrial Residential 
and Public 
Buildings

Services 
& Others

48% 16% 20% 16%

10%

0%

20%

30%

40%

50%

Global 
Energy 
Use

Global 
GHG 
Emissions

Global 
Potable 
Water Use

Solid 
Waste



11

Supply: 

Set goals for Photovoltaics and Solar Water 

Heaters, Solar Energy Code was published 
in 2012.

It is clear that Jordan is trying to meet all the 

previously mentioned responsibilities and tackle 

the energy problem, but further work is needed, 

especially in the energy conservation sector.

Figure 4: By sector, The total electrical energy 
consumption in Jordan in 2017
Source: Ministry of Energy and Mineral Resources, 2017.

Residential 
and Public 
Buildings

Industrial

Commercial

Water pumbing

Street lighting

46%

22%

15%

15%

2%

Energy 
Consumption 

in Jordan

1.3. Jordan’s Current Response 
to the Energy Problem

Jordan has been developing national targets, such 

as a 20% national target for energy efficiency by 

the year 2020 [1], and action plans for energy 

efficiency, such as the Second National Energy 

Efficiency Action Plan (NEEAP) in 2017[2].

The Energy Efficiency Midterm Action Plan (NEEAP), 

first practiced in the EU, has been developed for the 

implementation of good practice standards in the matter 

of policy making for energy efficiency. The NEEAP for the 

Kingdom of Jordan has established coherent measures 

tackling issues pertaining to energy supply by managing 

demand efficiently. It has set targets for energy saving 

until the year 2020 and proposed a variety of measures for 

the following sectors; residential sector, commercial 

and services sector, industrial sector, water pumping 

sector, street lighting, municipal level, transport 

sector [2]. These concrete measures were proposed 

for many key sectors to achieve the aims by 2020. 

The measures deal with both demand and supply. 

As an example of;

Demand: 

By 2020 Reducing Energy Usage 15%
in Jordanian public buildings

including hospitals, schools and administrative buildings. 
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<1%

2. WHY EXISTING 

BUILDINGS & WHY THE 

BUILDING ENVELOPE?

2.1. The Existing Building Stock

Buildings do not have to be new to be efficient and sus-

tainable. Today, many building owners around the globe 

are retrofitting their buildings, converting them into 

models of sustainability. It is expected that most oppor-

tunities to improve efficiency in the next decades will be 

in existing buildings, as they represent the largest stock in 

the building sector and most of them are constrained by 

aging infrastructure, inadequate operations resourc-

es, inefficient performance, and old equipment [6].

From an economic point of view, retrofitting ex-

isting buildings is more feasible than constructing 

new green ones [8]. Improved efficiency of the ex-

isting building stock through sustainable retrofit-

ting measures represents a high-volume and low-

cost approach to reduce energy demand as well as 

greenhouse gas emissions. Retrofitting an existing 

building expands the building’s life cycle, thus the 

building will be responsible for fewer GHG emis-

sions throughout its lifecycle [9].

Why retrofitting existing buildings in Jordan?

The energy performance levels of the Jordanian exist-

ing building stock are much lower than the require-

ments of the local Energy Efficient Building Code 

[9]. Although the Local Thermal Insulation Code has 

been mandatory since 2009, people in Jordan used 

to ignore it to avoid additional costs accompanying it 

resulting in having a large number of inefficient build-

ings. Transforming the built environment in Jordan 

through a sustainable approach is a must towards 

conserving water, energy, and other resources.

The Energy Retrofit approach will assist the country 

to reduce energy usage in buildings, thus decrease 

energy costs on a large scale and enhance Jordan’s 

sustainable development.

Current 

retrofitting rates

retrofitting rates
must increase by

according to the Global Alliance for Building and Construction.

and should accelerate for every year of delay to achieve the 
Paris agreement objective regarding climate change [7].

amount

of the existing building stock every year

3%
each year

starting in 2017
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Table 2: Number of Annual Construction Licenses in Jordan
Source: Department of Statistics (DOS), 2018. http://www.dos.gov.jo/dos_
home_a/main/linked-html/Bulding_indi.htm

YEAR

2007

2012

2017

Type of license

New 
Buildings

Addition to 
Existing buildings

Existing 
buildings

2283

2333

1527

147

299

202

7654

6352

14368

The number of Licences given to 

Construction Projects

This increase provides an opportunity to promote 

Energy Retrofitting as people are already going 

towards renovating existing buildings, adding to 

them or reusing them for a different function.

To understand how energy is used in a 
building and if it is wasted.

To identify and analyse cost-effective 
ways of using energy within a building.

To perform economic analysis of the 
available alternatives (identified in the 
previous step) and decide which ones 
are more cost-effective.

2.2. Energy Audit

Definition: It is a systematic approach to solve 

problems and make decisions. The main goals of 

an energy audit are qualifying and quantifying the 

current performance of the building energy systems, 

the potential for improving the performance, and 

the outcomes of the improvements from the differ-

ent point of views financially and non-financially.

Energy Audit is the first step to figure out the amount of 

energy consumed in an existing building. The energy au-

dit report of the current situation of the building’s energy 

usage can identify the need for retrofitting as well as show 

the opportunities the retrofitting strategies can provide.

Why? Goals of conducting 

Energy Audit:

for Existing
Building’s projects

The number of the annual licences 
for construction projects in Jordan has increased by [10]

46%

comparing the issued licences in 2007 and 2017, 

while for the same period,

for Completely 
New Buildings

The number of the annual licences 
for construction projects has been decreased

33%
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When?

Energy Audit for existing buildings can be conduct-
ed for two main cases:

A building that has the potential to a 
considerable reduction of its energy 
consumption.

A building that is already going through a 
renovation process, so conducting an en-
ergy audit would add value to the reno-
vation through transforming the building 
into an energy efficient building.

Energy Audit can be performed any-

time during the life-cycle of a build-

ing, preferably when there is a po-

tential for retrofitting or renovation.

Levels of Energy Audits [11]

As the complexity of energy audit increases, the 

accuracy of site assessment increases as well as 

the collection of more data and the outcome de-

tails in the final energy audit results. This effort 

would be reflected into a higher energy saving.

Type of Audit

Level 1: 
Walk-through 

Analysis/ Pre-

liminary Audit

Level 2: 
Energy Survey 

and Engineering 

Analysis Audit

Level 3: 
Detailed Analysis 

of Capital-Intensive 

Modification Audits

Type of Audit Brief Description

Level 1:  

Brief on-site survey of the building 

Savings and cost analysis of low-cost/no-cost 

Energy Conservation Measures (ECMs)

Identification of potential capital improve-

ments meriting further consideration

Level 2:

More detailed building survey

Breakdown of energy use

Savings and cost analysis of all  Energy Conser-

vation Measures (ECMs)

Identification of ECMs requiring more thorough 

data collection and analysis (Level 3)

Level 3:

Attention to capital-intensive projects identi-

fied during the Level 2 audit

More detailed field analysis

More rigorous engineering analysis

Cost and savings calculations with a high level 

of accuracy
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What could be tested in an Energy Audit?

Testing the lighting system and the 

main appliances for energy efficiency.

Testing the Heating, Cooling and Ven-

tilation Systems to identify efficiency 

and combustion safety issues.

Water heating systems for energy 

efficiency.

Testing the Building Envelope com-

ponents which include: 

The Roof for thermal insulation 

and general status.

External Walls for thermal insula-

tion and air leaks.

Doors and Windows for glazing 

type, thermal characteristics, 

weatherstripping, infiltration...Etc.

The diagram next shows the potential savings that 

could be achieved when retrofitting the roof, exter-

nal walls and windows as well as installing external 

shading devices on the building’s Southern facade. 

These retrofitting strategies were examined on two 

cases, a residential and commercial building, in two 

climate zones, Amman and Aqaba, and will be dis-

cussed in details in the last chapter.

The Dutch Embassy in Jordan, the first building in Jordan to achieve the 
international green building certification (LEED) in 2010.
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Commercial 
Building

Residential 
Building

Building Envelope Energy Retrofit 

achieves an average saving of the total cooling 

and heating energy use

Amman:  53% per year

Aqaba: 45% per year

Building Envelope Energy Retrofit 

achieves an average saving of the total 

cooling and heating energy use

Amman:  17% per year

Aqaba: 12% per year

Roof Retrofit

Reduction of the total cooling and 

heating energy use

Amman:  3% per year

Aqaba: 2% per year

Roof Retrofit

Reduction of the total cooling and 

heating energy use

Amman:  6% per year

Aqaba: 4% per year

External walls retrofit 

Reduction of the total cooling and 

heating energy use

Amman:  8% per year

Aqaba: 5% per year

External walls retrofit 

Reduction of the total cooling and 

heating energy use

Amman:  17% per year

Aqaba: 12% per year

Window retrofit 

Reduction of the total cooling and 

heating energy use

Amman:  29% per year

Aqaba: 27% per year

Window retrofit 

Reduction of the total cooling and 

heating energy use

Amman:  25% per year

Aqaba: 28% per year

External Solar Shading Devices

Reduction of the total cooling and heating 

energy use

Amman:  25% per year

Aqaba: 21% per year

External Solar Shading Devices

Reduction of the total cooling and heating 

energy use

Amman:  8% per year

Aqaba: 9% per year

Figure 5: Building Envelope Energy Retrofit Reduction Potentials, Case Study Results. 
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2.3. What is the Building  Envelope? 

The Building envelope is considered the first line 

of defense against environmental impacts on the 

building. The main functions of the building en-

velope are to provide shelter, security, thermal, 

solar control, indoor air quality and moisture con-

trol, access to daylight, fire resistance,  views to 

outside, acoustical control, aesthetical value to a 

building [12]. 

The following figure shows the main compo-

nents of a typical building enclosure. These 

principal components as well as building type, 

climate, geographic location, building materi-

als, and construction practice significantly af-

fect a building energy performance during its 

lifetime and occupancy.

The building envelope has regulatory functions to 

decrease the environmental impacts on the indoor 

environment of buildings such as thermal control, 

moisture, and indoor air quality control. It interacts 

with three main parts of the building, which are:

Exterior environment including external envi-

ronment and geo-environmental.        

Interior environment.

The envelope system itself.

The envelope is crucial in determining the energy 

required for heating and cooling in buildings [13]. 

Therefore, it should be optimized when retrofit-

ting an existing building to develop a long-term 

energy reduction strategy by minimizing heating 

and cooling loads. Retrofitting an existing build-

ing envelope to be energy efficient plays a major 

role in enhancing building sustainability. It should 

comply with the requirements of the local build-

ing codes including Thermal Insulation Code and 

Energy Efficient Building Code.
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Figure 6: The main building enclosure components and Environmental loads on the building envelope in Amman.                                                                                      
Source: Iwaro & Mwasha, 2013.

Temperature

Realtive humidity

Air pressure

Building Enclousre

Base Floor System(s) Window and Doors

Solar Radiation

Rain

Wind

Foundation Wall System(s) Roof System(s)
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Interior Spatial Separators

Geo Environment:
Temperature
Soil porosity
Soil water
Soil Mineralogy, Micro and Macro organism

Vapor pressure difference

Air pressure difference

Temperature difference

Industrial pollution impact

External Environment (Natural and Built)

1

3

5

1

2

3

4

5

4

2

Main building enclosure components:

Industrial and Urban 
Environment

So
2
,  No

2
 and Co

2

Mechanical 
Equipment: HVAC

Occupant Activities: 
Comfort needed

Indoor Environment 

Air leakage

Soil Porosity

Soil Water

Soil Mineralogy, Micro and Macro organism
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Enhancing Indoor Environment Quality (IEQ):

Since keeping the outside out and the inside in is 

the main function for the building’s envelope, it 

means that building envelope controls the Indoor 

Environment of a space. Therefore Indoor Envi-

ronmental Quality factors must be taken into con-

sideration when retrofitting a building envelope. 

These factors are closely related and cannot be 

addressed apart. They  depend on many variables 

including temperature, relative humidity, airflow, 

Figure 7:  What affects Indoor Environment Quality of a building?                                                                                                                                        
Source: Almeida, Freitas, & Delgado, 2015.

air velocity, occupancy concentration of pollutants, 

lighting, noise… Four major areas can define the 

indoor environment quality, namely [14]:

Acoustic 
Comfort

Indoor Air 
Quality

Visual 
Comfort

Thermal
Comfort

External Conditions

Building Building Services

People and Activities 

Enclouser
Construction 
materials
Furniture

HVAC systems
Lightning

External temperature
Air pollution
Environmental noise
Sun and natural lightning
Green environment

HVAC use
Use of paints, 
vamishes, glues
Cleaning

Indoor Environmental Quality

Visual 
Comfort

Thermal
Comfort

Indoor 
Air 

Quality

Acoustic 
Comfort
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2.4. Why Retrofitting?

Retrofitting the building envelope optimizes:

Energy Use in buildings.

The building envelope has a significant influence 

on the heating and cooling demand of buildings 

[15]. Therefore, enhancing the energy efficiency 

of the building envelope reduces the energy costs 

on the building scale by reducing the need for 

heating, cooling and ventilation.

Indoor air quality.

The building envelope influences the comfort of 

the building occupants. Improving the situation 

of an existing building envelope to improve ven-

tilation could lead to enhancing their productivity, 

and reducing the impact of the indoor environ-

ment of their health and reduce the need for arti-

ficial ventilation.

Thermal comfort.

Optimising thermal insulation of an existing build-

ing envelope will reduce heat loss in winter and heat 

gain in summer, thus enhance the occupants ther-

mal comfort.

Figure 8: The relation between humidity and room 

temperature showing the uncomfortable, acceptable 

and comfortable areas. 
Source: Thermal Insulation Guide, 2018.

An Energy Efficient Building Envelope highly enhances 

Indoor Air Quality as well as thermal comfort using less 

amount of energy. Regarding thermal comfort, the fol-

lowing figures illustrate simplified graphical methods to 

evaluate thermal comfort inside buildings according to 

the local Thermal Insulation Guide, the effect appears on 

thermally insulated and non-insulated walls [16] [17].

Uncomfortable (Wet)

Uncomfortable (Dry)

Acceptable

12

10%

0%

20%

30%

40%

50%

60%

70%

80%

90%

100%

14 16 18 20 22 24 26 28

Room Temperature (C)

% Humidity Ratio (ø) 

75%

65%

Comfortable

33%

38%
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Figure 9: The relation between the temperature of the 

room surfaces and the indoor temperature to achieve 

thermal comfort. 

Source: Thermal Insulation Guide, 2018.

The temperature of the room surfaces (insulated & 
Non-insulated building). Celsius.

In
d

o
o

r tem
p

eratu
re C

elsiu
s

In general, achieving buildings’ sustainability, 

especially when dealing with existing buildings 

is considered challenging because you need to 

deal with many factors. External and internal 

environmental factors have significant impacts 

on building sustainability, followed by other 

factors such as the building envelope, building 

elements, material properties and thermal pro-

cesses as illustrated in the following figure [18]. 

0
10

15

20

25

30

35

5 10

5 oC 4 oC

15 20 25 30 35

Thermal Comfort 
Region

Uncomfortable 
(very cold)

Uncomfortable 
(very hot)

Non-insulated wall 
Insulated wall 

The thermal comfort of the occupants is affected 

by the temperature of the room surfaces even 

when the indoor temperature meets the require-

ments of the comfort zone. The reason is that, for 

example, the occupant’s body will be radiating to-

wards the cold room surfaces, which are not ther-

mally insulated, in winter even when the room is 

heated and has a temperature level that is com-

fortable. This would make the occupants feel un-

comfortable, and therefore require more heat to 

be released in the room which will increase the 

energy demand for heating. The following figure 

illustrates the relation between the temperature 

of the room surfaces and the indoor temperature 

to achieve thermal comfort [16]. 

Indoor temperature 
Comfort level 22o indoorOutdoor 

temperature 
9o C

Uninsulated wall 
(cold surface)

Uninsulated roof 
(cold surface)
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Building 
Sustainability

Sustainable Envelope 
Design 

Figure 10: The connection between building enve-

lope and building sustainability. 
Source: Iwaro & Mwasha, 2013.
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Performance of Existing Buildings’ 

Envelope in Jordan
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3. The Thermal 

Performance of Existing 

Buildings’ Envelope in Jordan

3.1. Principles of Heat Gain and 
Heat Los in Buildings

This section covers the basic principles to simplefy 

the concept of heat gain and heat loss in buildings. 

It is very important for an energy efficient envelope 

Conduction

Radiation

Indoor

Outdoor

Conduction 
(through direct 
contact); is a 
process by which 
heat is transferred 
from the hot area of 
a solid object to the 
cool area of a solid 
object.

Convection (through fluid or 
gas movement); is the process of 
heat transfer between the solid 
surface and the liquid or gas. 
For example, in the following 
diagram, the heat source causes 
the fluid to expand and rise 
upwards. The hot fluid gives up 
its heat energy to cooler parts of 
the fluid. A convection current of 
warm fluid is set up. A roomful of 
air can be heated by convection.

Radiation (through electromagnetic waves); is the 
process where infrared radiation is emitted by a hot 
object towards a cool object such as the sunlight en-
tering the building causing the heat of the structure.

Convection

to avoide heat loss in winter and heat gain in sum-

mer in order to reduce the amount of energy needed 

for heating and cooling the building and to mainatin 

the desired comfort levels for occupants.

What is Heat Transfer?

Heat transfer is the movement of thermal energy 

from one thing to another thing of different tem-

perature [34]. It is the process of transferring heat 

from the high-temperature reservoir to a low-tem-

perature reservoir. 

There are three different methods for the heat to be transferred from one place to another [34]:
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Heat Loss in a building: the amount of heat a building loses through the different elements of the 
building envelope such as the exposed walls and roofs, windows and floors.

Heat Gain in a building: the amount of heat a building gains from different sources such as actual out-

door temperature, the building’s occupants, lights, appliances, furniture, computers, ovens, etc.

HEAT GAIN AND HEAT LOSS THROUGH A BUILDING DEPENDS ON:

The heat the appliances 
generate. For example, 
an oven, computers, 
washing machines, TV 
contribute to heat.

The amount of lighting in the 
room. Incandescent lighting fix-
ture produce heat into a space 
while high-efficiency lighting 
fixtures generate very little heat 
that could be neglected.

Activities and 
other equipment 
within a building. 
Cooking? Hot 
bath? Gymnasium? 

The number of occupants in 
a building. For example, the 
more occupants you have in 
a space, the more time and en-
ergy you will need to cool that 
space, while it is the opposite 
for heating the same space.

The amount of air leak-
age from the outside into 
the indoor space. Infiltra-
tion plays an important 
part in determining the 
air conditioner sizing. 
Cracked windows, door 
gaps, shafts, shutter box-
es are the doorways for 
air to entering the build-
ing from the outside, into 
a living space.

The buildings surface 
area, more surface 
area means more heat 
gain in the summer-
time and more heat 
loss in wintertime.

The shading of windows, walls, and roofs. For 
example, two identical buildings with different 
orientation will be exposed to a different amount of 
heat gain from the sun, shading the elevations and 
if possible, the roof will help to reduce heat gain and 
reduce the need for cooling the building in summer.

The type of construc-
tion and the amount 
of insulation in roof 
and external walls. 

The temperature difference 
between outside temperature and 
people's desired temperature that 
achieve thermal comfort levels. 

22oC 37oC10oC 20oC
Desired Temperature Outside TemperatureOutside Temperature

SummerWinter

Desired Temperature
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3.2. Related Local Building 
Codes & Green Building Rating 
Systems

The Jordanian National Building Codes have 

been formulated since 1993 under Law No.7 

and the amended law of 2004 [20]. The codes 

are prepared and modified by local researchers 

and experts from both the public and private 

sectors. The Jordanian National Building Council 

approves the prepared codes before publication. 

The Council of Ministers approves these codes 

before they became mandatory.

There is a consensus about the fact that Jorda-

nian building codes are not entirely implement-

ed in the construction sector for many reasons. 

Many engineers and local experts claim that this 

is a critical problem, and the main reasons are 

lack of awareness and the high initial costs as-

sociated with implementing the required codes. 

Concerning people’s awareness about this is-

sue, a study by Jordan GBC in 2012 found that 

the lack of knowledge of the various Jordanian 

building codes reached 62% amongst normal 

residents [21].

Figure 11: Awareness of the various Jordanian 

building codes                                                                                                                   
Source: Jordan GBC, 2012.

The inefficient Energy performance of today’s exist-

ing buildings is as a result of:

The non-compliance with the local thermal Insu-

lation Code, which was first, issued in 1985.

The non-existence of many important codes, 

which are available today such as the local En-

ergy Efficient Building Code, Solar Energy Code 

and Jordan Green Building Guide.

As the focus is on existing building retrofits in the 

building sector has been increasing worldwide and is 

necessary for Jordan’s building stock, it is highly rec-

ommended to develop a local code for existing build-

ing retrofits towards a sustainable approach. This 

Guideline has been developed for this purpose but 

it focuses on the building envelope.

62%

38%

Not Aware

Aware

1

2
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3.2.1. Jordan Thermal Building Insulation Code 

(JTIBC)

This code defines thermal design principles for build-

ings in Jordan. Although the first version was issued 

in 1985, many people used to ignore it due to the ad-

ditional  costs that accompany it [9]; [22] ; [23]. 

The main chapters covers the following [20]: The Guide for Thermal Building  Insulation code

It is an explanatory guide for the original Thermal Instal-

lation Code for practitioners involved in the construction 

sector during the stages of design and implementation. 

It aims to illustrate many issues related to thermal 

insulation in buildings to improve energy efficiency 

in buildings by reducing energy demand for cool-

ing, heating, and provide a healthy indoor environ-

ment and thermal comfort for the occupants [16].

The Guide gives information about thermal insulation 

materials available in the Jordanian market, strategies 

for implementation, and practical solutions and meth-

ods for insulating buildings that meet the requirements 

of the Jordanian Thermal Insulation Code. It also dis-

cusses problems and damage that is caused by humid-

ity inside buildings such as surface and interstitial con-

densation and suggests solutions, as well as solutions 

to improving thermal insulation in existing buildings.

Figure 12: The covers of the Thermal Insulation Code 

and Thermal Insulation Guide.                   

Source: National Jordanian Building Council, 2009.

Source: National Jordanian Building Council, 2018.

The calculations for heating and cooling 

loads of the case studies in this guide have 

been developed based on the standards of 

the Thermal Insulation Code.

Materials used in 
thermal insulation

Principles of thermal 
design in buildings

Thermal design 
calculations

Design 
requirements
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3.2.2. Jordan Energy Efficient Building Code 

(JEEBC)

This Code aims to lower energy consumption in 

buildings and improve thermal performance; it 

provides guidelines, minimum requirements for 

all buildings types including commercial ones, 

and standards for the building envelope [24]. 

The building envelope standards that are used in 

this guide are taken from the JEEBC code although 

the code does not cover existing buildings. Inter-

national, regional and local building codes were 

also utilized, and the needs of the Jordanian mar-

ket was considered [25]. 

The main chapters cover the following:

3.2.3. Green Building Rating Systems 

There are many sustainability assessment meth-

ods for buildings worldwide. Building Research 

Establishment Environmental Assessment Meth-

od (BREEAM) was the first method launched in 

1990 for Britain’s building industry [26]. Since 

then, many other assessment methods have 

been developed all across the world such as the 

American system, Leadership in Energy and Envi-

ronmental Design (LEED) in 1998; CASBEE (Japan) 

in 2001; Green Globe (Canada), and Green Star 

(Australia, New Zealand and South Africa) [27]. 

In general, there is not much focus on the sus-

tainable performance of the building envelope in 

existing assessment methods, and due to region-

al variations, many of them are not applicable 

to other regions with different geography and 

climate. This highlights the need for developing 

comprehensive and integrated approaches that 

set a sustainable building envelope performance, 

and this is an important step to achieving build-

ing sustainability.

Architectural 
design principles 
and requirements

Mechanical 
ventilation

Heating and air 
conditioning

Hot water supply Lighting 
system

Electrical 
power
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3.3. Thermal Insulation of 
Existing Buildings in Jordan

Thermal insulation is the reduction of heat transfer (the 

transfer of thermal energy between objects of differing 

temperature) between objects in thermal contact.

The most important aspect of an insulation materi-

al is its performance for resistance to the passage of 

heat throughout the lifetime of the building which 

is known as (Thermal Conductivity). 

Thermal Conductivity (k) 

It measures “the ease with which heat can 

travel through a material by conduction. 

Conduction is the main form of heat transfer 

through insulation. The lower the figure, the 

better the performance. It is measured in (W/

mK)” [29]. 

Jordan is a country that needs effective green building 

rating systems due to poor resources and the inefficien-

cy of its buildings in the field of resource conservation. 

In the last decade, researchers have shown interest in 

contributing to a better understanding of the idea of 

developing local green building assessment tools that 

suit the context of Jordan environmentally, socially 

and economically. The result was the developing and 

releasing of the voluntary ‘Jordanian Green Building 

Guide’, it was developed by the National Construction 

Council and managed by the Royal Scientific Society 

(RSS) in 2013. Other non-governmental organisations 

such as Jordan Green Building Council developed a 

local assessment-building tool for Green residences. 

Today, the two recently developed local green building 

rating systems in Jordan; are for new construction, but 

both are working on developing an amended version 

to cover existing buildings.

Area A

d

T
2
>T

1

Q

T
2

T
1

Figure 13: Green building rating systems and tools.
Source: Related associations

source:Greenspec, 2018.
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Thermal Resistance (R):  
source: [29]

It is a figure connecting a material’s Ther-
mal Conductivity to its Width using the 
following equation;
 
Thermal Resistance (m²K/W) = Thickness 
(m) / Conductivity (W/mK).

The greater thickness, the fewer heat flows 
(a lower conductivity). A building compo-
nent with a high Thermal Resistance is a 
good insulator.

3.3.1.  Insulation materials and their thermal 

Characteristics:

Thermal insulation materials are classified accord-

ing to their shape into three main types [16]:

Rigid panels such as extruded polystyrene.

Semi-rigid panels such as rock wool.

Loose-fill insulation such as loose rock wool 

and light rubble.

1

3

2

Rockwool, Polystyrene and Polyurethane are the 

common thermal insulation materials used in the 

Jordanian building sector [23]. The lower figure 

illustrates their Thermal Resistance [16]. Some lo-

cal experts claim that extruded polystyrene is the 

most common insulation material; it is considered 

the best choice in the Jordanian market due to its 

thermal performance, emissions and its reasonable 

price compared to other insulation materials. [23].

Figure 14: Some common insulation mate-

rials used in the Jordanian building sector.                                                                                       
Source: Jordan GBC, 2012.

Rock Wool Expanded 
Polystyrene

Extruded 
Polystyrene

Polyurethane

Figure 15:  Comparisons between the most common 

thermal insulation materials in Jordan in terms of 

thermal resistance with a 30 mm thickness. 
Source: National Jordanian Building Council, 2015.
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3.3.2. Common Practices for Thermal Insula-

tion Application

The requirements of the local Thermal Insulation 

Code have been obligatory. However, people used 

to ignore thermal insulation in buildings, and the 

codes are not enforced nor checked for installa-

tion by authorities.  Although there are penalties 

for non-compliance with the code, they are not 

implemented in reality [9]; [22]; [23].

Thermal insulation challenges in Jordan has two 
aspects: 

Stone Cladding 

Concrete Backing

Insulation

Hollow Concrete Block

Typical External Walls in Jordan consists of the fol-

lowing layers (from the inside out): 

Plaster of 2cm.

Hollow Concrete Block 10cm

Thermal Insulation Layer, 5cm 

Pour in site Concrete layer, 7-10cm

Stone cladding, 3-7cm

Figure 16: Typical Jordanian insulated external wall.
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The technical aspects or challenges mainly hap-
pened because of the following [9]; [23]: 

The construction method used traditionally

The continuity of thermal insulation (When used)

The Technical aspect,  such as

The Non-technical aspect,  such as

Construction 
techniques

People’s 
awareness 
and knowledge 
of thermal 
insulation code

Labor
skills

Requirements 
and some 
myths

Achieving the required thermal resistance value 

required by the code

All of these problems, resulted in inefficient ther-

mal performance of many buildings in Jordan, 

even the thermally insulated ones, which resulted 

in wasteful energy usage in Jordan [16]; [23].
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3.3.2.a. Some Non-Technical Common Prob-

lems Related to Thermal Insulation: [9]; [30].

The confusion between water insulation (water-

proofing) and thermal insulation, thinking that 

water insulation for roofs and walls is enough, 

which is not correct since as stated in their names, 

each insulation layer deals with different issue.

Thinking that adding thermal insulation layer 

to external walls is enough for completely in-

sulate a building, neglecting the importance of 

thermal insulation in roof, although it could be 

more important in low-rise buildings.

1

3

2

4

Figure 17: An evaluation of some common local cases showing their U-Value. 
Source: Jordan GBC, 2012.

XPS 5cm insulation

U Value=0.45 U Value=0.66

Good PoorAcceptable

U-Value 0.57
Obligatory

Meets the Code Does not meet 
the requirements 
of the local Code

XPS 3cm insulation

U Value=0.72

Poor

Does not meet 
the requirements 
of the local Code

EPS 3cm insulation

U Value=1.71 U Value=2.11

Very Poor Unacceptable

Does not meet 
the requirements 
of the local Code

Does not meet 
the requirements 
of the local Code

Air Gap Uninsulated wall

Thinking that Air Gap in a wall composition is 

enough to provide the required Thermal Insu-

lation, although an air gap provides thermal in-

sulation, it is not enough to achieve the values 

obligatory by the code.

Adding an insufficient thickness of thermal insula-

tion material. When deciding the thickness of the 

thermal insulation layer, the goal is to achieve the 

required standard in the Energy Efficient Building 

Code [30]. For example, the use of a 3cm thick Ex-

truded Polystyrene in an external wall does not 

achieve the required value for thermal insulation 

but the 5cm thickness of the same material will.

*Note: U-value is the thermal transmittance (W⁄ m2 k)
XPS: Extruded Polystyrene
EPS: Expanded Polystyrene
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Figure 18: An illustration of some common local cases 

with thermal Bridges.
Source: Jordan GBC, 2012.

Some Technical Common Problems Related to 

Thermal Insulation: [9]; [16]; [23]; [30].

Avoiding thermal bridges is rarely achieved 

when constructing buildings in Jordan, due to 

poor implementation and awareness of how to 

overcome this problem.

1

Installing thermal insulation material without 

consistency, when using boards or even sprayed 

type of installation. When thermal installation is 

not regularly and evenly installed, thermal bridg-

es will be created and will affect the thermal com-

fort of occupants and the thermal insulation per-

formance of the whole building. 

The common process of constructing a conven-

tional wall in Jordan affects its insulation capaci-

ty negatively. The internal block wall is built first; 

then, the insulation material board is installed. 

After that, rows of stone are built, followed by 

pouring concrete to fill the gap between the 

stone and the insulation material boards. By ap-

plying this conventional process, the insulation 

is compressed by the concrete, therefore affect-

ing its thermal capacity. While the correct way 

of constructing the same wall is by installing the 

insulation boards after pumping the concrete 

into the external walls and waiting until it dries 

as shown in the following figure [18].

2

3
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Rows 
of Stone

Concrete

Insulation Material

Deformation of thermal 
insulation and exposure 
to water during con-
crete pouring

Hollow Block Wall

Figure 19: External Wall Construction showing the 

conventional process (on the right) and the alterna-

tive recommended method (on the left). 
Source: National Jordanian Building Council, 2015.

Figure 20: A real case in Madaba following the 

recommended method.                     
Source: Eng. Khaleel Awwad, 2018.

1

1

2

2

3

3

Implementation Steps 1,2,3

Concrete 
Pouring

3.4. The Construction and 
Thermal Performance of Existing 
Buildings’ Envelope in Jordan

The building envelope has a significant influence 

on the heating and cooling demand of buildings. As 

this Guide aims to improving the performance of the 

building’s envelope in relation to energy efficiency 

and thermal comfort, it is important to identify the 

current situation of the building envelope compo-

nents in regards to thermal performance in Jordan. 

The focus will be on building’s Envelope main com-

ponents that separate the exterior environment 

from interior, they include:

Figure 21: The main building envelope components ex-

amined in this study.                                                                                                                                          
Source: Shamout, S. 2016.

Partition walls 
between different 
units served by 
separate heating/ 
cooling source

Base floor

Slabs between differ-
ent floors served by 
separate heating/ 
cooling source

Fenestrations with transparent 
surfaces (Windows, glass doors, 
skylight…etc.)

External 
solid walls

6

3

2

Indoor
Outdoor

Roofs1

4

5
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How to calculate the current thermal perfor-

mance of the building’s envelope components?

It is important to calculate the U-value of each com-

ponent and compare it with the maximum Limit ac-

cording to the Local Energy Efficient Building Code.

The following equations illustrate the calculation 

method of the U-value. The U-value varies accord-

ing to the thickness of the layer (m) (or component) 

and the thermal conductivity (k-value) as shown in 

the following equations. 

The calculations will be represented in tables; each 

building component has a separate calculation 

showing its structural components and thermal 

quality (total U-value) [9]. All the values and the fol-

lowing equations used in the calculations are taken 

from Jordan Thermal Insulation Code (2009) [20]. 

Figure 22: Example of an envelope component.                                                                            
Source: National Jordanian Building Council, 2018.

Where:

R is the thermal resistance (m2.k/W)

d is the thickness (m) 

 K-value is the thermal conductivity (W/m.K)  

U-value is the thermal transmittance (W/m2.k)

Rsi is the thermal resistance at the inside surface (air).

Rso is the thermal resistance at the outside surface (air).

3.4.1.  The Roof (R)

The most common type of roof construction in 

Jordanian buildings is reinforced concrete roof [9]; 

[23]. Next are two common roof compositions and 

their thermal charecteristics.

Thermal Transmittance or Heat Trans-
fer Coefficient (U-factor): 

is the rate of heat flow through a unit area 
of building envelope material or assem-
bly, including its boundary films, per unit 
of temperature difference between the 
inside and outside air. The U-factor is ex-
pressed in (W/m2.K) [20].

d5

K5Rso Rsi

d4

K4

d3

K3

d2

K2

d1

K1

Uω= 
1

(Rsi + R1 + R2 + R3 + R4 + R5 + Rso)

R  = d
k

(m2.K/W)
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R.01. Uninsulated flat Reinforced Concrete   Roof with Tiles.

Table 3: Calculation of the current thermal 

performance of R.01.

Figure 23: Illustration of the components of R.01.

R.02. Uninsulated flat Reinforced concrete Roof.

Table 4: Calculation of the current thermal 

performance of R.02.

OUTDOOR

INDOOR

Layer Name Thickness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External Surface 
Resistance - - 0.040

1 Ceramic Tile 8 1.05 0.008

2 Cement mortar 20 0.54 0.037

3 Sand & Gravel 70 0.3 0.233

4
Water Proofing- bi-
tumen Roll 4 0.17 0.024

5
Light weight 
Concrete 100 0.16 0.625

6
Reinforced Con-
crete Slab 300 1.85 0.162

7 Cement Plastering 20 0.72 0.028

Rsi
Internal Surface 
Resistance - - 0.100

    Total 522 1.26

Current U-value 0.80

U-
value
[W/
m2K]

Maximum Limit According to the Energy 
Efficient Building Code 0.55

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External Surface 
Resistance - - 0.040

1
Water Proofing- 
bitumen Roll 4 0.17 0.024

2
Light Weight 
Concrete 100 0.16 0.625

3
Reinforced 
Concrete Slab 300 1.85 0.162

4
Cement 
Plastering 20 0.72 0.028

Rsi
Internal Surface 
Resistance - - 0.100

Total 424 0.979

U-value 
[W/

m2K]

Current U-value 1.02

Maximum Limit 
According to the 
Energy Efficient 
Building Code

0.55

Figure 24: Illustration of the components of R.02.

OUTDOOR

INDOOR
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3.4.2.  The External Walls

The prime function of external walls is “to provide 

shelter from the outdoor environment including high 

or low temperatures, rain and wind, and to provide 

reasonable indoor thermal comfort for occupants“ 

[9]; [31]. Exterior walls of buildings in Jordan differ 

in wall thickness, number of layers, construction 

materials, and external cladding. In most cases, 

thermal insulation is not present in existing build-

ings’ except for recently built structures. As in the 

case of roof construction, building with concrete is 

the most common construction material for verti-

cal walls, external walls can be grouped into three 

main types: 

Uninsulated External Solid Walls (W.01)
W.01. Uninsulated ‘stone-clad’ wall - hollow con-
crete blocks.
Table 5: Calculation of the current thermal per-
formance of W.01.

Uninsulated Solid Walls (W.01);

Uninsulated Cavity Walls (W.02);

Insulated walls (W.03).

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External Surface 
Resistance - - 0.040

1 Stone 60 2.27 0.026

2
Cast in site 
Concrete 80 1.17 0.068

3
Hollow Concrete 
Block 100 1.00 0.100

4
Cement 
Plastering 20 0.72 0.028

Rsi
Internal Surface 
Resistance - - 0.130

Total 260 0.392

U-value
[W/m2K]

Current U-value 2.55

Maximum Limit 
According to the 
Energy Efficient 
Building Code

0.57

Figure 25: Illustration of the components of W01.1.
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Source: Shamout, S. 2016.
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Cavity  Walls (W.02)
W.02.1. ‘Stone clad’ wall _ Concrete hollow blocks.
Table 6: Calculation of the current thermal perfor-

mance of W.02.1.

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External 
Surface 
Resistance

- - 0.040

1 Stone 60 2.27 0.026

2
Cast in site 
Concrete 80 1.17 0.068

3 Air gap 50 - 0.110

4
Hollow 
Concrete 
Block

100 1.00 0.100

5
Cement 
Plastering 20 0.720 0.028

Rsi
Internal 
Surface 
Resistance

- - 0.130

Total 310 0.502

U-value
[W/m2K]

Current 
U-value 1.99

Maximum Limit According to the 
Energy Efficient Building Code 0.57

Figure 26: Illustration of the components of W.02.1.

W.02.2. Cavity wall - Concrete hollow blocks.

Table 7: Calculation of the current thermal perfor-

mance of W.02.2.

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External Surface 
Resistance - - 0.040

1 Plaster 20 0.72 0.028

2
Hollow Concrete 
Block 100 1.00 0.100

3 Air gap 50 - 0.110

4
Hollow Concrete 
Block 100 1.00 0.100

5 Cement Plastering 20 0.720 0.028

Rsi
Internal Surface 
Resistance - - 0.130

Total 290 0.785

U-value
[W/m2K]

Current U-value 1.27

Maximum Limit 
According to the 
Energy Efficient 
Building Code

0.57

Figure 27: Illustration of the components of W.03.
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Table 8: Calculation of the current thermal perfor-

mance of W.03.

Figure 28: Illustration of the components of W.03.

Insulated walls 
W.03. Insulated ‘Stone clad’ wall

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External Surface 
Resistance - - 0.040

1 Jordan Stone 60 2.27 0.026

2
Cast in site 
Concrete 80 1.17 0.068

3
Extruded 
Polystyrene 30 0.032 0.938

4
Hollow Concrete 
Block 100 1.00 0.100

5
Cement 
Plastering 20 0.720 0.028

Rsi
Internal Surface 
Resistance - - 0.130

Total 290 1.33

U-value
[W/m2K]

Current U-value 0.75

Maximum Limit 
According to the 
Energy Efficient 
Building Code

0.57

3.4.3.  Fenestration with Transparent Surfaces 

(Windows, Glass Doors, Skylights…etc.) 

Fenestration especially windows, plays a significant 

role in providing natural light and natural ventila-

tion to buildings. But, they are considered a source 

of heat loss in winter and heat gain in summer 

since they are rarely designed with proper shad-

ing and the majority of existing buildings in Jordan 

have single pane windows with hollow aluminum 

frames which is resulting in high heat transmission 

and weak airtightness [9]; [16]; [23] . 

Table 9:  Thermal properties of single pane windows [16].

Glazing Thermal Characteristics

Single glazing with Met-

al Frame
U-value= 5.7 W/m²K

Clear SHGC = 0.82

Figure 29: Illustration of the components of single 

glazed windows with Aluminium frames
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SHGC: Solar Heat Gain Coefficient

Source: Shamout, S. 2016.
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3.4.4.  Partition Walls between Different Units 

Served by Separate Heating/ Cooling Source [9]

PW.01 Internal Walls - Vertical partition 
Table 10: Calculation of the current thermal 

performance of Internal walls between different Units.

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rsi
Internal Surface 
Resistance - - 0.130

1
Cement 
Plastering 20 0.72 0.028

2
Hollow Concrete 
Block (01) 100 1.00 0.179

3
Cement 
Plastering 20 0.72 0.028

Rsi
Internal Surface 
Resistance - - 0.130

Total 140 - 0.416

U-value 
[W/m2K]

Current U-value 
for PW.01 2.41

Maximum 
Limit According to 
(EEBC)

2.0

PW.02
(15 CM) Hollow 
Concrete Block Does not comply 2.15

PW.03
(20 CM) Hollow 
Concrete Block

comply 1.94

Figure 30: Illustration of the components of vertical 

partition

Table 11: Calculation of the current thermal 

performance of Slabs between different Floors.

Layer Name Thick-
ness
[mm]

k-Value
[W/mk]

R-Value
[m2K/W]

Rso
External Surface 
Resistance - - 0.130

1 Ceramic Tiling 8 1.05 0.0076

2 Concrete mortar 20 0.54 0.037

3
Gravel 
and sand 70 0.30 0.233

4
Reinforced 
Concrete 300 1.85 0.162

5 Cement Plastering 20 0.720 0.028

Rsi
Internal Surface 
Resistance - - 0.130

Total 418 0.59

U-value
[W/m2K]

Current U-value 1.7

Maximum Limit 
According to the 
Energy Efficient 
Building Code

1.2

3.4.5. Slabs between Different Floors Served 

by Separate Heating/ Cooling Sources

SF.01 Slab between Floors

Figure 31: Illustration of the components of slab 

between floors
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Source: Shamout, S. 2016.
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4. Energy Retrofit 

Strategies For The 

Building Envelope

This chapter discusses the Energy-Related build-

ing envelope’s retrofit strategies. It simply explains 

how to improve the Energy Performance of the 

building envelope’s components including the Ex-

ternal Walls and the Roof as well as the Transpar-

ent Surfaces such as windows and skylights.

Retrofitting the building envelope will achieve 

many benefits, but with the focus on energy, 

the main benefits would include:

Optimizing energy efficiency in the 
building as a whole and reducing 
energy bills related to the Cooling and 
Heating of the building.

Improving the thermal comfort 
for occupants.

Enhancing the health and increasing 
the productivity of occupants. 

Reducing maintenance costs related to 
the decaying of the building structure.

Examples of Energy related retrofit strategies for 

the building envelope include: 

Improving the thermal performance of 
the building’s External walls and Roof by 
adding thermal insulation.

Improving the thermal performance of 
the building’s transparent surfaces by 
installing double glazing windows and 
skylights.

Eliminating thermal bridges in the 
building’s envelope by adding thermal 
insulation in critical joint areas.

Reducing heat gain in the building’s 
envelope by introducing shading 
devices.

Improving airtightness of the envelope 
by weatherstripping openings, joints and 
penetrations of surfaces.

4.1. Improving the thermal perfor-
mance of the building’s External 
Walls and Roof 

How is it affecting the Energy Performance of the 

Building Envelope?

The building envelope’s components, including 

external walls and roof, affect the amount of 
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energy required to cool and heat the buildings. 

They are the largest surfaces and directly affect-

ing the buildings’ heat loss in winter and heat 

gain in summer, which relate to the energy need-

ed to achieve the required thermal comfort levels 

for occupants.

Heat loss in winter Heat gain in summer

How to retrofit external walls and roof to improve 

energy efficiency?

Retrofitting a building’s envelope with a goal of 

achieving a reduction in energy consumption means 

increasing the envelope’s Thermal Resistance. 

Increasing the Thermal resistance of external walls, 

roofs and internal partitions is usually achieved by 

adding a thermal insulation material to the con-

struction layers. This will result in achieving a lower 

total U-Value (the rate of heat flow through a unit 

area of building envelope assembly per unit of tem-

perature difference between the inside and outside 

air (W/m2.K)).

The total U-value does not change by changing 

the position of the insulation layer, whether it 

is installed in between layers or toward the in-

ternal or external face of the assembly, but, it 

affects the time lag associated with heat flux 

(ϕ) and the ‘Decrement Factor (µ) (as shown in 

the figure) [16].
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The Time Lag (ϕ) is the time delay due to the thermal 

mass of material. The thicker and more resistive the 

material, the longer it will take for heat waves to 

penetrate.

The Decrement Factor (µ) is the reduction in cyclical 

temperature on the inside surface compared to the 

outside surface.

Figure 32: Thermal mass, heat wave movement from 

external surfaces to internal surfaces for an exter-

nal wall, introducing Time Lag & Decrement Factor. 

(During Summer time)
Source: National Jordanian Building Council, 2018. 

Thermal mass’ describes the capacity of ma-

terials for absorbing, storing and releasing 

heat. For example, concrete and water have a 

high capacity for heat storage and are consid-

ered as ‘high thermal mass’ materials [35]. In 

contrast, Insulation foam has a little heat stor-

age capacity and considered as having ‘low 

thermal mass’. The following drawing shows 

how thermal mass works in winter heating.

   

Daytime: solar radiation 
enters the building through 
windows and heats up the 
interior space and walls.

Night: the heated walls ra-
diate the heat into space.                                                         

Daytime absorption Evening heating

This Guide proposes two main retrofitting solutions for 

walls and roofs to increase the thermal resistance of the 

building’s envelope component [9]. The solutions will be 

further explained in the next chapter with more details.

  t
si 

/       t
so

   μ =

Interior

Time

Tsi= Temperature of internal surface     
Tse= Temperature of external surface

The required time for the temperature to move from the 
external surface of the wall to the interior surface as well as the 
temperature difference depends on the characteristics of the 
external wall material, the Thermal Conductivity (k), the Density 
(p), Specific Heat(Cp) and the Thickness (d).
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Deciding on the location of the added insulation layer, 

whether its internal or external depends on many factors 

including the most severe season (summer or winter- 

cooling or heating dominant building), climate as well as 

the heating and cooling source. Furthermore, when retro-

fitting buildings in Jordan, adding an external insulation 

layer as a coat would not be appropriate in some cases, 

for example, stone-clad facades are very common, due 

to the traditional use of stone in the Jordanian buildings 

[23]. Therefore, in this Guide, there will only be one ap-

propriate solution for stone-cladded facades, which is 

adding the thermal insulation layer from the inside [9].

Adding thermal insula-
tion layer to the INTER-
NAL face of wall/roof

Internal Insulation

Internal Insulation

External Insulation

External Insulation

Insulation 
Material Layer

Cover

New Layers

New Layers

Cover 
Layer

A frame to better fix the 
cover layer

Water 
proofing membrane

Gypsum board

Insulation Layer

Insulation Layer

O
u

td
o

o
r

Outdoor

Outdoor

No 
Insulation

External 
Insulation

Thickness (cm)

U-value (w/m2.k):  

Decr. Factor (µ):

Time lag (ϕ) (h): 

3.39

0.40

6.30 

0.66

0.02

8.20

0.66

0.56

5.30

Internal
Insulation
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Existing external wall
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Indoor

Indoor

The impact of the position of the insulation layer in construction elements

The two main solutions are: 

1 2

Existing external wall

Existing Slab

Existing Slab

Figure 33: The impact of the position of the insulation 

layer in construction elements.                           
Source: National Jordanian Building Council, 2018.
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of the roof. Therefore, adding an external ther-
mal insulation layer considered more expensive 
and time consuming than adding the thermal 
insulation from inside. It requires more effort and 
technical expertise, and more protection is need-
ed for waterproofing, airtightness and Ultraviolet 
radiation (UV) protection. 

The following are the main waterproofing meth-

ods commonly used in buildings in Jordan:

Bituminous Waterproofing Membrane 

is used in insulating all types of roofs, founda-
tions, floors, bathrooms, swimming pools.

Waterproofing & Protective Coatings

is used as a primer in walls, roofs and floors, 
and as an insulation material for foundations, 
and retaining walls underground.

Mastics & Sealants

is used when filling gaps and cracks and protect-
ing metal roofs.

Bonding Asphalt 
is used as an adhesive before using Bitumi-
nous Waterproofing Membranes.

Waterproofing & Damp-proofing Felts

is used as preventive layers against humidity 
to insulating roofs, floors...etc.

Acrylic-based water-proofing coatings

is normally used in the case of retrofitting exist-
ing walls, roofs or any surfaces. Its light colour has 
an effect in reducing heat gain in roofs and walls.

Enhancing building envelope integrity [36] 

The absence of thermal insulation in parts of 
a building’s envelope causes thermal /cold 
bridges- areas where heat is rapidly lost from 
inside a heated space. Cold bridges causes 
humidity condensation inside the building, 
especially on the internal corners and surfac-
es of external its walls. This issue is directly re-
lated to health problems caused by mold and 
energy inefficiency caused by escaped heat.

The building envelope is a complete system, 
while this guide covers the energy performance 
for the building envelope, other important is-
sues should be considered when retrofitting 
the envelope of existing buildings such as wa-
terproofing and preventing rainwater leakage.

The need for installing waterproofing layer is 
critical when the retrofit includes adding the 
thermal insulation layer on the external part 

Figure 41: Bituminous Membrane Waterproofing Method.

Source: theconstructor.org, (n.d). https://theconstructor.org/practi-
cal-guide/bituminous-waterproofing-membrane-roof/13285/
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Cool Roof [37]

“Cool roofs can help cool down buildings 

and cities”.

What Is a Cool Roof? 

It is a roof designed to lower roof tempera-
tures when the sun is shining by reflecting 
the heat consequently reducing heat gain. 
This strategy is highly recommended when 
retrofitting an existing roof to optimise en-
ergy efficiency  in climate with hot summer. 
How does it work? 

A Cool roof’s surface reflects the sunlight 
and emits heat more efficiently than a 
dark roof so it will be cooler in the sun.

Light-
coloured 
roofs

can absorb less 
than 50% of the 
incoming solar 
energy

Benefits:

Reduced energy use: cool roofs 
transfer less heat into the building, 
and therefore reducing the use of 
air conditioning.

Reduced GHG emissions and air 
pollution when reducing energy 
demand.

Improved human health and 
thermal comfort when maintaining 
a high-quality indoor environment 
inside buildings in terms of air 
temperature.

The most common solution for Cool Roof is 

the use of High Solar Reflective Cool Roof 

Coating, usually light or white coloured. 

It forms an extremely high reflective mat 

surface that blocks the incoming solar ra-

diation and remains cooler, contributing 

to the saving of energy for cooling needs.

Dark coloured  
roofs reach 
temperatures

can absorb around 
90% of the incom-
ing solar energy

more than 

66ºC

Figure 42: A cool coating is applied to a dark roof.
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4.2. Improving the Thermal 
Performance of the Building’s 
Transparent Surfaces 

How is it affecting the energy performance of 

the building’s envelope? 

Improperly installed or poorly made windows, doors 

and skylights, significantly increase the energy need-

ed for heating and cooling in a building since they are 

considered the main source for heat loss in winter and 

heat gain in summer. The higher the window to wall 

ratio (WWR) is, the more impact it would have on the 

thermal performance of the building’s envelope. 

Figure 34: Examples of window to wall ratios.

Transparent surfaces of a building (windows, glass 

facades, skylights...) lose heat through the follow-

ing means: 

Conduction through the 
window frames.

Heat is lost by 
radiation through 
glazing 
(transparent part).

Heat is lost by 
convection 
and air leakage 
around openings 
& wall/frame joints

Heat is lost by 
conduction mainly 
through:

1

1 2

2

Conduction through the 
glazing spacer bars.

On the other hand, windows gain heat through:

Heat is gained by primary transmittance: the di-

rect transmission of solar gain through the glazing.

Heat is gained by secondary transmittance: the 

absorbed energy by glazing and the subsequent 

transfer inwards by both radiation and convection.

20%

40%

80%
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The thermal and optical performance of a glazing unit 

weather it is a window, a glass door/facade or a sky-

light, is determined by the following characteristics:

Thermal Transmittance (U–value) is the rate of 

heat flow through a unit area of building enve-

lope assembly per unit of temperature difference 

between the inside and outside air (W/m2.K). 

The lower the U-value, the better the glass ther-

mal performance is. Glass units with ‘low-E’ layer 

(low-emissivity) will have lower U-value and offer 

better thermal insulation.

Figure 35: Radiant Energy transfer. 
Source: (Jariry, 2016)

InOut

Absorption

Reflectance

Emissions 
OUT

Emissions 
IN

Transmission Total Radiative 
Heat Gains

Solar Heat Gain Coefficient (SHGC) is the total frac-

tion of the available solar radiation which is trans-

mitted through windows as heat gain. The value is 

expressed to be between 0 and 1, which gives the 

energy proportion from the sun passing through 

windows, including frames, into interior spaces. For 

instance, when the SHGC value is 0.6, it means that 

60% of solar radiation will be passing through the 

window from the outside to the inside. In the cooling 

season, blocking solar heat gain is essential especial-

ly in hot climates, while solar heat gain is beneficial 

in heating season as it passively heats indoor spaces.

Shading coefficient is the ratio between the solar 

heat gains, which passes through a specific kind 

of glass to the solar energy which passes through 

3mm clear float glass with a total solar heat trans-

mittance of 0.87. The shading coefficient value can 

be derived from SHGC using this equation: 

SC = S.H.G.C/0.87.

Visual Light transmittance is the percentage of 

light in the visible spectrum transmitted through 

the glass. A higher VT indicates a higher amount of 

daylight that is transmitted to space, and therefore, 

reduces the need for artificial light and the associat-

ed energy consumption.
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Selecting Glass Type with Solar Control 

Characteristics

The main types of glass are:

Clear glass: It allows the highest transfer of ener-

gy and has poor thermal insulation while permit-

ting the highest daylight transmission.

How to retrofit glazed surfaces to enhance thermal 

performance and energy efficiency in a building?

Many factors have to be considered when retrofit-

ting a building’s glazed surfaces including:

Replacing Single Pane glazed Surfaces with 

Double-glazing Units

Selecting Glass Type with Solar Control 

Characteristics

Selecting a Glazed Frame Material that has 

High Thermal Resistance 

There are other factors that affect the thermal perfor-

mance of glazed surfaces, such as the orientation of 

the openings and the size of the windows, but they 

cannot be considered for retrofitting options since 

they should be considered in the original design. 

Replacing Single Pane glazed Surfaces with 

Double-glazing Units (Insulated Glass)

It is highly recommended to replace single pane 

windows and other glazed surfaces such as sky-

lights with double- glazed units, this could save 

up to 30% of the heating load, it is also worth 

mentioning that although triple glazing units are 

more efficient but not cost effective in the context 

of Jordan in terms of climate and cos

Figure 36: A Typical Single, Double & Triple Pane win-

dow sections

Single Pane Double Pane Triple Pane

Replacing single pane windows 

with double- glazing save up to 

30% 
of the heating load [38]

The proper selection of the type of 

glass can achieve up to 

30%
reduction of the annual energy cost [38]
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Low-E 

Coated Surface

A microscopically thin metallic coating is added to 

the glazing surface, which lets light through but re-

flects short-wave infrared radiation. This suppresses 

the radiant heat flow. In a climate with heating dom-

inant, low-e layer should be installed on the inside 

face of the inner pane to reflect heat inside the space, 

while if cooling is dominant low-e layer should be 

applied to the inner face of the external pane.

Spectrally 

Selective Characteristics 

Spectrally selective glazing maximizes the amount of 

visible light that gets into a building but minimizes the 

amount of solar heat that passes through.

Tinted Glass: It is used to reduce heat gain, but 

it also reduces visible light as compared to clear 

glass. The tint is useful in controlling glare but 

has no effect on the U-factor. In a retrofit situa-

tion, special films can be applied to clear glass to 

change existing clear glass in windows to tint.

Coated Glass: A metallic coating is applied to 

clear glass to enhance its thermal performance.

In order to have a greater solar control when im-

proving the performance of existing windows or 

replacing them, many properties could be com-

bined including

Reflective Surface 

(Mirror like effect)

A reflective coating is used to lower the solar heat 

gain coefficient by increasing the surface reflectiv-

ity of the glass. The coating consist of thin metallic 

or metal oxide layers, it comes in various metallic 

colors—silver, gold, bronze—and they can be ap-

plied to clear or tinted glazing. Films with reflective 

properties can be applied to existing windows to 

achieve the desired results.

Note

A reflective window that acts like a mirror 

to the outside during the day will look like 

a mirror on the inside during the night. 

These coatings will not provide visual pri-

vacy at night if interior lights are on.
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Note

Solar control window film reduces so-

lar heat gain by reflection and absorp-

tion. As they also block solar heat gain 

in winter months, these films are ideal 

for cooling-dominated climates. Win-

dow films can be tinted for solar heat 

and glare control, but some recent win-

dow film options reflect solar heat while 

maintaining a relatively clear appear-

ance. The lower a film’s solar heat gain 

coefficient (SHGC), the less solar heat it 

transmits. The higher the visible trans-

mittance (VT) number, the more light is 

transmitted. Window film does not pro-

vide substantial insulating benefits. 

Window film often is applied to the room-

side glass surface of windows. Since win-

dow film absorbs the portion of solar 

heat that it does not reflect or transmit, it 

increases the glass temperature and may 

cause thermal stress on the glass or insu-

lated glazing seals, particularly on sunny 

but cold days. 

 

Figure 37: Illustration of Solar Control Glass and Low 

E glass. Source: (Jariry, 2016)

In InOut Out

Solar control glass Low E glass

Selecting a Glazing’s Frame Material that has 

High Thermal Resistance

Improving the thermal resistance of the frame can 

contribute to a window’s overall energy efficiency, 

particularly its U-factor. There are advantages and 

disadvantages to all types of frame materials, but 

vinyl, wood, fiberglass, and some composite frame 

materials provide greater thermal resistance than 

metal. The following table compares three different 

types of frames and glazing composition [39].
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4.3. Eliminating Thermal Bridges in 
Building’s Envelope by Adding Ther-
mal Insulation in Critical Joint Areas.

A thermal bridge is a penetration in the insulation 

layer with a highly conductive material, allowing in-

creased amounts of heat flow through that material 

and this is a big problem in the building envelope. 

The thermal bridge causes heat gain or loss in a 

wall, roof and/or a ground floor, it results in;

Increasing Energy bills for heating and cooling

Reducing interior thermal comfort

Compromising the building’s integrity

Thermal Bridges in in Existing Buildings in Jordan

Most of the current local construction techniques in 

Jordan result in creating thermal bridges when con-

structing the building envelope, even in insulated 

buildings that claim to comply with the local standards 

such as the Energy Efficient Building Code [9]; [23]; [30]. 

A continuous insulation layer can be rarely found as 

many areas are not usually insulated including:

Aluminium Thermally Broken Aluminium UPVC Window    

Table 12: Different types of frames and glazing R-Values 
(R-window total: the higher the R value, the better the thermal perfor-

mance of the window) IGU= Insulated Glazing Unit

Source: Level.org.nz, 2018.

Window 
frame 
material

Single 
Glazing

IGU with 
4 mm 
glass 
and 8 
mm air 
space

IGU with 
4 mm 
glass 
and 12 
mm air 
space

IGU with 
4 mm 
glass, 12 
mm air 
space 
and 
low-e 
pane

IGU with 
4 mm 
glass, 12 
mm air 
space, 
low-e 
pane 
and 
argon 
gas fill

Alu-
minium 
Frame

R0.15 R0.25 R0.26 R0.31 R0.32

Ther-
mally 
broken 
Alu-
minium 
Frame

R0.17 R0.30 R0.31 R0.39 R0.41

UPVC 
Frame

R0.19 R0.34 R0.36 R0.47 R0.51

Ground 
floor

External face 
of Slabs

Structural 
Columns

Windows’ 
shutter boxes

Figure 38: Types of frames according to material and  

thermal resistance
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How to Retrofit External Walls and Roof to Improve Energy Efficiency and Eliminate Thermal Bridges?

The following table illustrates major thermal bridges locations in a typical Jordanian building. Problems are the re-

sult of untrained construction workers and common wrong practices. The table suggests energy retrofit strategies 

for each case to eliminate the thermal bridges and their negative performance on the building’s envelope [9].

Thermal Bridge 
Location

Current Situation Proposed Energy Retrofit Solution

Concrete

Concrete Hollow Block

Concrete

Jordan Stone

Insulation layer

Indoor Heat Heat

Outdoor

5-
7 

cm
5 

cm
2 

cm

8 
cm

10
 c

m

Structural Column 

Inside Wall

Structural 

Column at

Corner

2 cm Concrete Plaster 2 cm Concrete Plaster

8 cm Concrete 8 cm Concrete

5-7 cm Jordan Stone 5-7 cm Jordan Stone

3-5 cm Insulation layer 3-5 cm Insulation layer

10 cm Concrete Hollow Block 10 cm Concrete Hollow Block

Table 13: Thermal bridges elimination options. Source: Elaboration of the Author based on (Shamout, S. 2016).
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Outdoor Indoor

Thermal Bridge 
Location

Current Situation Proposed Energy Retrofit Solution

Outdoor

Indoor

Windows’ Shutter 

Box

Outdoor Indoor

Between Floors 

Slab/ Roof

Heat
Indoor

Outdoor
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How to discover thermal bridges in an exist-

ing building envelope?

Thermal Imaging Camera (TIC): An in-

frared camera can help quickly see and 

find the sources of energy efficiencies 

and used for building diagnostic, it helps 

locating thermal bridging, insulation ir-

regularities, and air leakage and moisture 

intrusion issues. 

Thermal imaging does not directly mea-

sure temperature; it measures radiated 

thermal energy.

4.4. Reducing Heat Gain in the 
Building’s Envelope by Introducing 
Shading Devices.

How Shading Devices Affect The Energy Perfor-

mance Of The Building Envelope?

Shading Devices aim to control sunlight by allowing 

it to enter the building when it is needed for heating 

in winter as well as preventing sunlight from enter-

ing the building in summer. It also controls glare and 

reduces heat gain through the solar radiation when 

entering the building, and therefore reducing the en-

ergy demand of the building. The higher the window 

to wall ratio is, the more impact it would have on the 

thermal performance of the building envelope. 

What shading Device should be Installed to Im-

prove Energy Efficiency of the Building’s Envelope?

To achieve energy efficiency in a building’s enve-

lope, exterior solar shading devices such as vertical 

fins, overhangs and light shelves with energy-ef-

ficiency measures should be employed careful 

understanding of the orientation of the façade as 

well as  the visual impact of the selected device as 

shown in the following figure and notes [40].
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The Horizontal overhangs on southern eleva-

tions are the best external shading strategy as it 

results in an efficient performance regarding en-

ergy and cost [38].

In case of having a low window to wall ratio of 10% 

or below, and high-performance glass, it is recom-

mended not to install external shading devices as 

they would have minimal savings that can barely 

recover the initial cost of investment [38].

Cooling loads represent the highest energy con-

sumer in commercial buildings, thus reducing 

cooling loads should be given priority when ret-

rofitting through reducing solar radiation by the 

installation of external shading devices. Solar ra-

diation contributes to about 40% of the total cool-

ing loads when using the typical types of glazing 

(Jariry, 2016). However, the negative effects of 

fixed external shading devices in winter should be 

also considered, which are; 

Increase heating loads since it eliminates 

the penetration of deep winter sun if 

the devices are not well design.

Increase the energy used for lighting.

Figure 39: General types of exterior shading devices.                                                                                                                 
Source: American Institute of Architects (AIA) &Society of Building Science 

Educators (SBSE), 2012.

Type

Horizontal Panel

Horizontal Louvres in Vertical Plane

Vertical Plane

Vertical Fin

Slanted  Vertical Fin

Eggcrate

Section
Ideal 
Orientation View Restriction
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Therefore, it is recommended to employ a consul-

tant in order to design the appropriate shading de-

vices. The Effects of external shading devices vary 

according to many design configurations such as 

the orientation of the building and the type and 

area of glazing.

The following figures show some proposed solu-

tions for external shading according to a local study.
Below are some examples of external shading devices.

Besides manufactured external shading devices, 

there are other ways to prevent sunlight from enter-

ing the interior space of a building such as interior 

shading devices, building self-shading by the design 

of the building’s mass and vegetative shading. Vege-

tative shading achieved by planting trees or creepers 

to filter the sunlight entering the building [9]; [40].

Figure 40: Vegetation shading.                                                                                                                        
Source: American Institute of Architects (AIA) & Society of Building Science 
Educators (SBSE), 2012.

Solar transmission can be 

as low as 20% for a mature 

tree in the summer

Solar transmission can be 

as high as 70% for a mature 

tree in the winter
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A Local Case Study
Source: Jordan GBC, 2018.

External shading devices in Jordan are 
usually designed using Aluminium or rein-
forced concrete when it’s built-in. For the 
retrofitting case, the initial costs maybe high 
as it varies based on the materials costs and 
desired design. However, other local materi-
als has been experimented, such as the case 
of Jordan’s GBC where they designed and 
implemented shading devices from reused 
materials in Deir Alla in cooperation with the 
local community within a program for the 
Green Affordable Homes project. The aim of 
the project is to encourage the use of green 

local products creatively. 

4.5. Improving Air Tightness of the 
Envelope by Weather Stripping 
Openings, Joints and Penetrations 
of Surfaces.

Building’s Envelope Airtightness can be defined 

as the resistance to inward or outward air leakage 

through unintentional leakage points or areas in 

the building envelope. Differential pressures drive 

this air across the building envelope due to the 

combined effects of stack, external wind and me-

chanical ventilation systems.

How is it Affecting the Energy Performance of 

the Building’s Envelope?

Airtightness is the fundamental building property 

that affects infiltration and exfiltration in a build-

ing, and therefore contribute the reduction of heat 

loss. On the other hand many buildings including 

the existing ones suffer from air leakage. Air leak-

age is a major problem in buildings; since it is:

Contributing to the increased costs of 
heating and cooling

Affecting the occupant’s thermal comfort 
and health

Causing moisture problems and decaying 
of structural elements
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How to Improve Air 

Tightness in Existing Buildings?

A number of studies have shown substantial en-

ergy savings by tightening building envelopes 

and reducing heat loss. There are many ways to 

decrease air leakage in existing buildings, several 

methods and techniques are available including: 

A. Caulking: Apply caulking (several types avail-

able such as urethane, latex, and polyvinyl) to seal 

various leaks such as those around the window 

and doorframes, and any wall penetrations such 

as holes for water pipes. 

B. Weatherstripping: Sealing of windows and 

doors can be provided by various materials and 

techniques, such as:

Air leakage is mainly caused by:

Wall and roof penetra-
tions such as those for 
piping, shafts...etc.

1

3

2
4

Indoor
Outdoor

Sealing the gaps under and around doors 

using rubber or brush strips [16]. 

Rubber to prevent Air Leakage Brush Strip

Sealing the gaps around windows’ frames using 

rubber, brush strips or silicone weatherstripping. 

Sealing gaps around windows’ shutter box by 
using weatherstripping.

Junctions be-
tween openings’ 
frames and walls 
(windows, doors, 
skylights)

Shutter box 
perimeter and the 
box itself above 
windows.

Junctions between 
walls and other 
walls or floor slabs
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Air Retarders: These systems consist of one or 

more air-impermeable components that are applied 

around the building exterior shell to form a contin-

uous wrap around the building’s walls. There are 

several air retarders (AR) types such as liquid-applied 

bituminous, sheet bituminous and sheet plastic. 

The AR membranes usually applied to obstruct the 

vapor movement through the building’s envelope 

and thus act as vapor retarders. Unless the building 

is planned to have an overall building envelope ret-

rofit, these systems are typically expensive and inap-

plicable to install for existing buildings.

IDEA 

Plant shrubs or trees around the building 

to reduce wind effects and air infiltration.

Wind

IDEA 

Generating Electricity by installing 

Building Integrated Photo Voltaic 

Panels (BIPV) in/on the building’s ex-

ternal surfaces. 

Although generating electricity from 

PV panels is an active design strategy, 

it can be integrated into the building’s 

envelope to create an  ‘Energy Generat-

ing Envelope’. 

A photovoltaic (PV) system uses light 

from the sun to generate electricity. It can 

be grid connected thanks to Jordan’s re-

newable energy law 13 for the year 2012. 

Integrating PV cells when retrofitting 

an existing building aims at eliminat-

ing or minimizing electricity bills. The 

cost of the PV system depends on the 

current electric bill. 
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Figure 41:  Photovoltaic (PV) grid connected system.
Source: ETA max for energy and environmental solutions.

Figure 42: Estimated Cost and Average pay back period
Marji Group, Jordan, 2017

The following figure gives information about the 

cost and payback period of PV systems installed 

on the roof of a residential building based on the 

market price for photovoltaic systems.

Monthly 
Electric Bill (JD)

PV 
System Cost

Payback 
of PV System

1,800-2,500

2,500-3,500

4,000-5,400

4,800-6,700

5,700-7,800

6,400-8,800

7,000-9600

8100-11200

10,500-14,400

15,100-20,800

10-14 yr

8.5-12 yr

6.6-9.0 yr

5.4-7.0 yr

4.7-6.5 yr

4.3-5.9 yr

3.9-5.3 yr

3.4-4.7 yr

2.9-4.0 yr

2.5-3.5 yr
* Note: Numbers above are estimated numbers based on Nov 
2016 Electric Tariffs of Residential Sector

15

25

50

75

100

125

150

200

300

500

The benefits of using BIPVs in an Energy Retrofit 

project includes:

Reducing electricity bills significantly 
since electricity will be produced locally 
and traded with an electricity provider.

Reducing heat gain of the building when 
it is installed on the top roof and/or the 
façade and providing shading areas which 
will be reflected on a reduction of the 
cooling load.

Figure 43: A- Local examples for integrating PVs on a 

local building’s façade.
Al-Huson University College 

Figure 44: B- Local examples for integrating PVs on a 

local building’s rooftops.
ALhasad Al-tarbawi Schools

House

Inverter

Meter

Grid

Load

PV Module
Distribution Board
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5. Case Study-Building 

Envelope Retrofit For 

Optimizing Energy 

Efficiency

5.1. Building Envelope Retrofit 
for Optimizing Energy Efficiency 

After discussing the current thermal performance 

for buildings in Jordan, and identifying the main 

building envelope components in Chapter 3, this 

section will propose basic retrofit options. The se-

lected materials for retrofitting are chosen based 

on availability in the local market and the familiar-

ity of application by local contractors. 

When adding a layer of thermal insulation in a ret-

rofit option, the minimum thicknesses required to 

comply with the current Jordan Thermal Insulation 

Code and Jordan Energy Efficient Building Code is 

used. This target is used for roofs, external walls, 

and partition walls separating different units, and 

slabs between different floors.

The requirements for Jordan Thermal Insulation 

Code and Jordan Energy Efficient Building Code is 

shown in the following figure and tables. 

At the end of this chapter, two building typolo-

gies; commercial and residential; in two climate 

zones; Amman (Zone 2) and Aqaba (Zone 1) will 

be tested to find the improvement in the thermal 

performance by applying the selected energy-ret-

rofit strategies to their building’s envelope.

Figure 45: The maximum allowed U-Values of the build-

ing envelope component by local codes.
Source: National Jordanian Building Council, 2018.

0.55

1.2

1.2 0.80

1.2

2.0

2.0

0.55

0.57

1.61.6

1.6

Conditioned 
(heated) space

Conditioned 
(heated) space

Jordan 
Thermal 
Insulation 
(JTIC) 
Code

Jordan 
Energy 
Efficient 
Buildings 
(JEEB) Code

Unconditioned 
(Unheated) space

Unconditioned 
(Unheated) 

space

Conditioned 
(heated) space

0.57

0.57

0.57
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Walls Max. U-value [W/m2K]

Opaque External Wall or any part of it 0.57

The total area of External Walls including 
windows, doors & openings

1.60

Partition walls, separating areas with inde-
pendent energy source each

2.00

Partition walls, separating areas where one is 
air-conditioned and the other is not

2.00

Exposed Floors and Roofs
Max. U-value 
[W/m2K]

Floors/ Roofs Ex-
posed to 
outdoor air

Heat transfer towards 
the top

0.55

Heat transfer towards the 
bottom

0.80

Floors/ Roofs separating floors with independent 
energy source each

1.20

Floors located above unheated/ air-conditioned 
basements or spaces 1.20

Table 14: Maximum U-values for external and internal 

walls required by the JEEBC.                                                                                                    
Source: National Jordanian Building Council, 2010.

Table 15: Maximum U-values for exposed floors, roofs,

and internal slabs required by the JEEBC.                                                                     

Source: National Jordanian Building Council, 2010.

Table 16: Windows maximum U-values and window-to-

wall ratios required by the JEEBC.                                                                                     

Source: National Jordanian Building Council, 2010.

Window type
Max U-Value  

Maximum allowed 
window-to-wall ratio

[W/m2K]

Windows with aluminum/ steel 
frame, single glazing

5.70 20.1 %

Windows with aluminum/ steel 
frame, Double glazing*

3.40 36.4 %

Windows with a wooden/ plas-
tic frame, single glazing

4.80 24.3 %

Windows with a wooden/ plas-
tic frame, double glazing*

3.10 40.7 %

*with 6 mm spacing between glass panes

All the proposed retrofitting solutions are presented 

in sectional drawings, showing the layers of construc-

tion materials and calculations are presented in tables. 

As mentioned earlier, the thermal insulation layer can be 

added to either side (exterior or interior) of the opaque  

envelope element. However, some factors limit the 

applicability of adding thermal insulation layer to the 

external surface of wall or roof composition, such as:

When the external façade of the building has a 

durable expensive material such as stone, glass, 

metal or wood cladding panels. In this case, it is 

more practical to apply thermal insulation layer 

to the interior surface of the wall [23]. 

When the roof of the building is occupied by 

water tanks and other service equipment. In this 

case, it is not practical to apply thermal insula-

tion to the top of the roof, and applying the ther-

mal insulation to the internal face of roof com-

position more is practical and feasible in terms 

of time and cost [9].

(Note: In the following section, each building component 
has a special code to be identified with such as (W.01) that 
is used for the first case of external walls, and (R.01) that is 
used for the first case of roofs. Furthermore, the improved 
thermal performance will be calculated.)
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Figure 47: Proposed solutions for improving thermal perfor-

mance of the exposed roof, external and internal options.
Source: Elaboration of the Author.

Figure 46: Casing the building envelope by applying 

thermal insulation to all external walls and exposed roofs, 

increase air-tightness and install thermal efficient windows 

would increase energy efficiency of building and create a 

comfortable, healthy environment.

When the roof of the building has good water-

proofing and well maintained finish material 

such as good quality tiling, in this case it is better 

to keep the top of roof as is and work on adding 

the insulation layer to its internal surface.

5.1.1. Retrofitting the Roof

The aim of retrofitting existing roof structures is to 

comply with the minimum requirement for thermal 

transmittance (U-Value) of external roofs as per Jor-

dan Energy Efficient Building Code (2010), the code 

requires a maximum value of (0.55 W/m2K) which is 

not met in many existing buildings. 

Insulation 
layer

Enhancing the thermal performance of an existing 

roof is the most efficient and easiest way is achieved 

by adding a layer of thermal insulation material to 

the roof/slab composition. This Insulation could be 

added to the internal or external surface.

 
Thermal Insulation Added to Internal Surface of 

Roof/Slab (Cold Roof): This option is implemented 

by adding a layer of thermal insulation material to 

the existing inner surface of the roof, then covering 

it with a suitable finish material such as gypsum 

boards, or wood panels or false ceiling panels. 

External insulation Outdoor

Indoor

Existing Slab

(Results of improved U-Values are calculated assuming three dif-
ferent insulation materials: Extruded Polystyrene boards (XPS), 
Polyurethane foam (PUR) and Rock Wool boards (Rockwool) 
with minimum thickness complying with Code. (The suggested 
cover layer is ceramic tiling with mortar.) See table 18
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Thermal Insulation Added to External Surface of 

Roof/Slab (Warm Roof): This option is implemented 

by adding a layer of thermal insulation material to 

the existing external surface of the roof and then cov-

ering it with a waterproofing membrane. A protec-

tive cover is preferably installed on top; this could be 

a layer of poured concrete or tiles. Metal mesh could 

be used to protect thermal insulation panels from 

breakage if needed when the roof is used heavily.

Internal Insulation Outdoor

Indoor

Existing Slab

HINT

Using light color material as the finish layer of 
the roof is highly recommended and is called 
Cool Roof. A cool roof is one that has been 
designed to reflect more sunlight and absorb 
less heat than a standard roof. Cool roofs can 
be made of a highly reflective type of paint, a 
sheet covering, or highly reflective tiles. This 
strategy is most useful in hot climate since it 
will reduce cooling load in summer.

5.1.2. Retrofitting External Opaque Walls

The aim of retrofitting existing wall structures 

is to comply with the minimum requirement 

for thermal transmittance (U-Value) of exter-

nal opaque walls as per Jordan Energy Efficient 

Building Code (2010), the code requires a maxi-

mum value of (0.57 W/m2K) which is not met in 

many existing buildings. 

Enhancing the thermal performance of existing 

external walls in the most efficient and easiest way 

is achieved by adding a layer of thermal insulation 

material to the wall composition. This Insulation 

could be added to the internal or external surface 

of the wall.

Thermal Insulation Added to Internal Surface of Ex-

ternal Wall: This option is implemented by adding 

a layer of thermal insulation material to the exist-

ing inner surface of the external wall, then cover-

ing it with a suitable finish material such as gypsum 

boards, or wood panels or plaster.
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Thermal Insulation Added to External Surface of 

External Wall: This option is implemented by adding 

a layer of thermal insulation material to the existing 

external surface of the wall and protecting it with the 

desired cladding or finish material, such as mechan-

ically fixed stone, cladding panels or cement base 

mortar as render topcoat with backing mesh. 

Internal Insulation External Insulation

O
u

td
o

o
r

O
u

td
o

o
r

Existing external wall Existing external wall

In
d

o
o

r

In
d

o
o

r

Figure 48: Proposed solutions for improving thermal perfor-

mance of the external opaque walls 

Figure 49: External Wall Insulation System.
www.uk.weber

A frame to better 
fix the cover layer

Insulation 
Material Layer

Cover Layer

(Results of improved U-Values are calculated assuming three 
different insulation materials: Extruded Polystyrene boards 
(XPS), Polyurethane foam (PUR) and Rock Wool boards 
(Rockwool). with minimum thickness complying with Code.
(The suggested interior finish material is 15mm thick Gypsum 
Board) See table 19

Example for a retrofitted residence. External ther-

mal insulation boards were added to external walls 

and covered with topcoat cement based mortar 

and weather resistant decorative finish (External 

Wall Insulation System). (source- Weber)

 NOTE: External Wall Insu-

lation System (EWI) some 

companies provide the full 

system including the insu-

lation, cement base mor-

tar as render topcoat with 

backing mesh.
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5.1.3. Improving the Thermal

Performance of Windows

Between single, double and triple-glazed win-

dows, double glazed (or double-pane) windows 

are the most feasible in Jordan. According to a 

study conducted on a residential building in Am-

man/Jordan, double glazed windows can save 

energy up to 59% compared to single glazed win-

dows considering thermal transmittance. While 

triple glazed windows are much more expensive, 

they achieve an additional 12% in energy savings 

compared to double glazed windows (figure 62). 

Figure 50:  Energy savings percentage when using double 

and triple-pane glazed windows, compared to single-pane 

glazed windows in residential buildings.                                                        
Source: RSS, 2008.
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This Guide recommends replacing all single glazed 

windows with double glazed windows (with 12mm 

spacer), low-e layer, and using UPVC frames. 

Replacing the windows will result in around 60% 

improvement in their thermal conductivity (U-val-

ue) based on the U-values given by the Thermal 

Insulation code.

Figure 51: Replacing single glazing with double-glazing [20]. 

Table 17: Thermal properties of the proposed double-pane 

window. Source: Thermal Insulation code, National Building Council, 2009.

Single-pane window Double-pane window

60% 
Improvement 

in thermal 
conductivity

Double-Glazed with 12 mm spacing and 
PVC frames

U-Value [W/m2k]

Double glazing 2.8

Double with low E (E=0.2) 2.3
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5.1.4. Retrofitting Partition Walls 

Between Different Units Served by 

Separate Heating/Cooling Sources

The Maximum U-value limit of internal partition 

walls located between different areas served by 

separate heating/cooling sources or separating two 

areas only one of them is air-conditioned is 2.00 W/

m2K according to the code.

The guide proposes enhancing the thermal con-

ductivity of the partition walls by adding a thin 

thermal insulation layer to either side of the wall, 

then covering it with the desired internal finish ma-

terial or cladding. The cover layer could be cement 

plaster, gypsum board or decorative panels.

(Results of improved U-Values 
are calculated assuming three 
different insulation materials: 
Extruded Polystyrene boards 
(XPS), Polyurethane foam (PUR) 
and Rock Wool boards (Rock-
wool) with minimum thickness 
complying with Code. 
(The suggested interior finish 
material is 15mm thick Gyp-
sum Boardsee table 20

(Results of improved U-Values are calculated assuming three dif-
ferent insulation materials: Extruded Polystyrene boards (XPS), 
Polyurethane foam (PUR) and Rock Wool boards (Rockwool) 
with minimum thickness complying with Code.) 
(The suggested interior finish material is 15mm thick Gypsum 
Board) see table 21

Figure 52: the proposed solution for improving thermal per-

formance of internal partition walls.  Source: Shamout, S. 2016.

P.V.01

IN
T

IN
T

Existing 
Wall

5.1.5. Slabs Between Different Floors Served 

by Separate Heating/Cooling Sources

The Maximum U-value limit of slabs between different 

floors, separating areas served by separate heating/cool-

ing sources or separating two areas only one of them is 

air-conditioned is 1.20 W/m2K according to the code.

The guide proposes enhancing the thermal con-

ductivity of the existing slab by adding a thin ther-

mal insulation layer to the bottom side, then cov-

ering it with the desired internal finish material or 

cladding. The cover layer could be cement plaster, 

gypsum board or decorative ceiling panels.

Figure 53:  The proposed solution for improving thermal per-

formance of between floors’ slabs            
Source: Shamout, S. 2016.

INT

INT

Existing Slab

New Layers
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Insulation Layer



72

The following tables summarise the proposed treat-

ments for retrofitting existing building’s envelope 

components including roof, external walls, internal 

partition walls and between floors slabs as discussed 

earlier in this chapter, in order to comply with the Jor-

dan Thermal Insulation Building Code (2009) require-

ments. The calculations of improved U-Values were 

prepared to assume three different insulation materi-

als: Extruded Polystyrene boards (XPS), Polyurethane 

foam (PUR) and Rock Wool boards (Rockwool) with 

5.2. Building Envelope Optimization Summary

Table 18: Results for enhancing the thermal conductivity of existing roofs

Source: Elaboration of the Author based on (Shamout, S. 2016).

ROOF

Current Situation Scenario Most common Insulation materials in Jordan

Code Section and 

Original U-value [W/m2K]

Code 

Target

[W/m2K]

XPS

K-value=0.035 

[m2K/W]

PUR

K-value=0.026 

[m2K/W]

Rockwool

K-value=0.04 

[m2K/W]

External *    Internal External     Internal External     Internal

R.01 Existing U-value= 0.80

Target : 

0.55

Suggested Insulation 

Thickness (mm)
15 15 20

Improved U-value 0.55 0.53 0.55

Improvement % 31% 34% 31%

R.02 Existing U-value= 1.02 Target : 
0.55

Suggested Insulation 

Thickness (mm)
25 30 20 20 30 35

Improved U-value 0.51 0.49 0.53 0.55 0.54 0.52

Improvement % 50% 52% 51% 46% 47% 50%

minimum thickness needed to comply with Code.

Although, it is understood that limited thicknesses of 

insulation boards are available in the local market, but 

knowing the minimum required thickness will give 

building owners and contractors flexibility working 

with the material. For example, the extruded polysty-

rene (XPS) comes in cubical forms and can be cut to 

the desired thickness. In addition, the Polyurethane 

foam insulation is applied by a spray gun that makes it 

easy to decide the needed thickness. 
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Table 19: Results for enhancing the thermal conductivity of existing external walls

Source: Elaboration of the Author based on (Shamout, S. 2016).

EXTERNAL WALLS 

Current Situation Scenario Most common Insulation materials in Jordan

Code Section and 

Original U-value [W/m2K]

Code 

Target

[W/m2K]

XPS

K-value=0.035 

[m2K/W]

PUR

K-value=0.026 [m2K/W]

Rockwool

K-value=0.04 

[m2K/W]

External *    Internal External     Internal External     Internal

W.01.1

Existing U-value=2.55

Target : 

0.57

Suggested Insulation Thick-
ness (mm) - 45 - 35 - 55

Improved U-value - 0.52 - 0.57 0.56

Improvement % - 79% - 78% - 76%

W.02.1 Existing U-value = 1.99 Target : 
0.57 Suggested Insulation Thick-

ness (mm)
40 - 35 - 50

Improved U-value - 0.55 - 0.52 - 0.55

Improvement % - 72% - 74% - 72%
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Table 20: Results for enhancing the thermal conductivity of existing between floors’ slabs 

Source: Elaboration of the Author based on (Shamout, S. 2016).

SLABS BETWEEN DIFFERENT FLOORS SERVED BY SEPARATE HEATING/COOLING SOURCE 

SF 01 Existing U-value = 1.70 Target: 

1.2

Suggested Insulation 
Thickness (mm) - 10 - 10 - 10

Improved U-value - 1.00 - 1.70 - 1.10

Improvement % - 31% - 41% - 35%

*Note: Thermal insulation on upper part of the slab was not considered as an option due to unreasonable complications.

W.02.2 Existing U-value = 1.87 Target: 
0.57

Suggested Insulation Thick-
ness (mm)

40 40 35 35 50 50

Improved U-value 0.53 0.57 0.53 0.57 0.55 0.54

Improvement % 70% 68% 70% 68% 70% 70%

W.03 Existing  U-value = 0.75 Target: 

0.57

Suggested Insulation Thick-
ness (mm)

- 15 - 10 - 15

Improved U-value - 0.53 - 0.56 - 0.56

Improvement % - 22% - 25% - 25%

*Note: External thermal insulation was not considered as an option in external walls with stone cladding.

Current Situation Scenario Most common Insulation materials in Jordan

Code Section and 

Original U-value [W/m2K]

Code 

Target

[W/m2K]

XPS

K-value=0.035 

[m2K/W]

PUR

K-value=0.026 

[m2K/W]

Rockwool

K-value=0.04 

[m2K/W]

External *    Internal External     Internal External     Internal



75

Table 21: Results for enhancing the thermal conductivity of existing internal partition walls 

Source: Elaboration of the Author based on (Shamout, S. 2016).

INTERNAL PARTITION WALLS BETWEEN DIFFERENT UNITS SERVED BY SEPARATE 

HEATING/COOLING SORCE

Current Situation Scenario Most common Insulation materials in Jordan

Code Section and 

Original U-value [W/m2K]

Code Target

[W/m2K]

XPS

K-value=0.035 

[m2K/W]

PUR

K-value=0.026 

[m2K/W]

Rockwool

K-value=0.04 

[m2K/W]

Internal Internal Internal

PW 01 Existing U-value = 2.41

Target: 2.0

Suggested Insulation Thickness (mm) 5 5 5

Improved U-value 1.53 1.47 1.63

Improvement % 36% 39% 32%

PW 02 Same as PW 01 but using 15 

cm Hollow Concrete Block

Existing U-value = 2.15

By adding Gypsum Board layer it will comply with code

Improved U-Value= 1.64

PW 03 Same as PW 01 but using 20 
cm Hollow Concrete Block
Existing U-value = 1.94

Will comply with Code by adding a 15 mm Gypsum Board Layer only
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5.3. Case Study: Optimizing the 
Thermal Performance of the 
Existing Building’s Envelope

This section contains analysis for retrofitting the 

building’s envelope and improving the thermal 

performance of its different components. It makes 

comparisons between before and after retrofit cas-

es, and investigates the enhanced performance of 

the four main retrofit strategies discussed earlier 

and listed below:

Improving the thermal performance of 
the building’s ROOF by adding thermal 
insulation.

Improving the thermal performance 
of the building’s EXTERNAL WALLS by 
adding thermal insulation.

Improving the thermal performance 
of the building’s transparent surfaces 
by installing double-glazed WINDOWS 
with enhanced thermal performance for 
glass and frames.

Installing SHADING DEVICES on south-
ern elevation (horizontal overhangs, 
0.60 m depth).

The previous strategies are examined for two build-

ing typologies:

A two-story commercial building with 
large south facing glazed façade and 
43% Window to Wall Ratio (WWR).

A two-story residential building (single 
unit) with 32% Window to Wall Ratio 
(WWR).

The two typologies are tested in two climate zones 

in Jordan:

First Location Amman (Jordan- Zone 2)

Second Location Aqaba (Jordan- Zone 1)

40%

32%

Month Aqaba Amman

January 16.2 8.5

February 17.7 9.5

March 20.9 12.6

April 24.9 16.8

May 29.2 21.6

June 32.3 24.7

July 34.1 26.6

August 34 26.6

September 31.5 24.4

October 27.7 21.1

November 22.3 15.1

December 17.7 10.3

Aqaba Amman

16.2 8.5

17.7 9.5

20.9 12.6

24.9 16.8

29.2 21.6

32.3 24.7

34.1 26.6

34 26.6

31.5 24.4

27.7 21.1

22.3 15.1

17.7 10.3H
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Table 22: Average Temperature values used for Amman & 

Aqaba 

Source: 2017 ASHRAE Handbook-  Foundamentals (SI)
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Base case building profile is created using Energy-

Plus- based, Real-Time Analysis Simulation Tool for 

each typology in the two selected climates. Cooling 

and heating annual energy use is determined for the 

base case. Selected retrofit strategies are tested indi-

vidually and collectively to find the potential reduc-

tion on heating and cooling energy use. 

Building 
Characteristics

Operation 
Schedule

Indoor Air 
Quality and 
Outdoor Air 
Requirements

The desired indoor 
design conditions 
and thermal com-
fort of the space

Climate and 
outdoor 
design 
conditions

Figure 54: the three main climatic regions in Jordan                                            
Source: INC as cited in Hashemite Kingdom of Jordan and UNFCCC, 2010.

Required information for heating and cooling 

calculations 

Zone 1: The Jordan Valley, known as ‘the 
Ghore Region’, i.e. the lowland

Badia and desert

Highlands

Lowlands

The three Climatic zones in Jordan:

Jordan is divided geographically and topographi-

cally into three main climatic regions:

1

2

2

3

3

Zone 2: The Highlands Region. It has the 
typical Mediterranean climate with cold win-
ters and hot summers and includes. Around 
88% of human settlements in Jordan lie in 
this region, including Amman, Zarqa, Irbid, 
Karak, and Ma’an

Zone 3: The Desert Region (Badia), a 
semi-desert plateau that covers 80% of the 
country’s land.

1
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EXTERNAL WALL 

Wall Code: W.02.1

Pre-retrofit U-value = 1.99 W/m2K

Post-retrofit U-value = 0.46 W/m2K

Treatment: 5 cm thick XPS with 15 mm Gypsum board as a cover

ROOF

Roof Type: Code: R.02

Pre-retrofit U-value = 1.02 W/m2K

Post-retrofit U-value = 0.49 W/m2K

Treatment: 3 cm thick XPS with  15 mm Gypsum 

board as a cover

WINDOWS

Pre-retrofit: Clear, single-glazed, with a metal sliding type frame

U-value= 5.7 W/m2K, SHGC= 0.82

Post-retrofit: Clear, double-glazed, low-e, with UPVC hinged 

type frame

U-value= 2.3 W/m2K, SHGC=0.57, weather-stripped

Figure 56: Roof slab before and after retrofit

Figure 55: External wall before and after retrofit
Source: RSS, 2008.

Indoor

Indoor

Outdoor

Outdoor

To improve the thermal performance for the roof 

and the external walls, extruded polystyrene 

boards were selected; with thicknesses chosen ac-

cording to the most common available in the local 

market, 3.0 cm and 5.0 cm. 

The two typologies will have the same envelope 

components regarding type of wall, roof and win-

dows. In addition, the same retrofit treatment will 

be used to enhance their thermal performance. 

Below are the existing building envelope compo-

nents and the selected treatments:
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Expected 

Retrofit Cost:

The following cost assumption for estimated retrofit cost are 

calculated based on current local market prices, they will help to 

understand the cost related with such retrofit strategies:

External Walls Retrofit

Material & Labour Cost:

Item 1: Wooden studs, to support and fix the gypsum board 

layer= 1.50 JDs/m2.

Item 2: 5.0 cm thick Extruded Polystyrene Panels =5.5 JDs/m2

Item 3: Gypsum boards as the cover = 2.5 JDs per m2

Item 4: Paint= 0.50 JDs per m2

Total Cost of Materials = 10 JDs

Additional costs of implementation= 25 % of the total material 

costs = 2.5 JDs

Total Cost = 12.50 JDs per meter square*

*Including labour and tax

Roof Retrofit

Material & Labour Cost:

Item 1: 3.0 cm thick Extruded Polystyrene Panels = 5.5 JDs/m2

Item 2: Gypsum board as the cover= 2.5 JDs per m2

Item 3: Paint = 0.50 JDs per m2

Total Cost of Materials per meter square = 8.5 JDs

Additional costs of implementation = 25 % of the total material 

costs = 2 JDs 

Total Cost = 10.5 JDs per meter square*

*Including labour and tax

Windows Retrofit

Material & Labour Cost:

Double-glazed with UPVC frame window= 70 JD/m2

Low-e (to improve thermal conductivity) = +10 JD/m2

Hinged window frame (to increase airtightness and reduce 

infiltration) = +10 JD/m2. 

Total = 90 JDs + 15 JDs (Sales tax) = 105 JDs/m2

Assuming old windows are sold= -15 JDs/m2 (this amount will 

be deducted)

Total Cost = 90 JDs per meter square*

*Including labour and tax

Note: if tented glass is use add 4 JOD to the price of m2.

Solar Shading Devices

Material & Labour Cost: 

Aluminium overhangs = 50 JDs per meter long.

$

Table : Expected cost for retrofit options.
Commercial

Residential 

Walls Roof Windows Solar 
Shading 
Devices

All 

Area (m2) 288 200 192 80

Cost (JD/ m2) 12.50 10.50 90.00 50.00

Total Cost (JD) 3600 2100 17280 4000 26980

Walls Roof Windows Solar 
Shading 
Devices

All 

Area (m2) 244 200 116 40

Cost (JD/ m2) 12.50 10.50 90.00 50.00

Total Cost (JD) 3050 2100 10440 2000 17590

The expected calculated for a two-floor building with a 
total built-up area of 400 m2.
(Equals to 2 large size apartments. 200 m2 each)
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Commercial Building Energy Retrofit

The purpose of this study is to investigate the im-

pact of the main energy retrofit strategies that have 

been discussed in this guide on an existing two-sto-

rey commercial building with a southern glazing 

façade under the typical climate of Amman and 

Aqaba. The plans and drawings below give informa-

tion about the assumed layout. Other assumptions:

5.3.1. Case Study 1: 

Figure 57: Commercial Building Case Study, (a) First Floor 

Plan. (b) Ground Floor Plan, Building before retrofit (d) Build-

ing after retrofit d.
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Commercial Building

Total Floor Area = 400 m2

Ceiling Average Height = 4 m.

Open plan assuming that it is a gallery, a compa-

ny or a bank, for example. 

The building is Air conditioned, cooled in sum-

mer and heated in winter.

Coefficient of performance (COP) = 3.5 

Set Point for Heating = 21 Deg. C

Set Point for Cooling= 23 Deg. C

Setback Temp.= 15 heating, 30 cooling

Cooling/ Heating Hours= 8 hr/day

 Working Days= 5 day/week

WWR= 40%

Equipment Power Density= 10 W/m2

Lighting Power Density= 12 W/m2

Occupancy density= 10 m2/person

Study Results: Existing Commercial Building

It is clear that there is a considerable reduction in the to-

tal cooling and heating energy consumption when im-

plementing the four proposed energy retrofit strategies 

reaching a total reduction of above 50 % of the annual 

cooling and heating energy use of the building.  The 

individual effect for each strategy as a reduction from 

annual Cooling and Heating energy use is listed below:

Location 1: Amman

Location 2: Aqaba

Energy Retrofit Strategy Reduction From Annual Cooling 
and Heating Energy Use %

Improving thermal insulation 
of external walls ≈ 8 %

Improving thermal insulation 
of roof ≈  3 %

Replacing single-glazed win-
dows with double-glazed * ≈  29 %

Adding external shading devic-
es on the southern façade ≈  25 %

Combined Energy Retrofit 
Strategies ≈  53%

*Note: if selecting a tented glass for the windows with Solar Heat Gain Coefficient 
(SHGC) <0.4, the load reduction will be much more by window alone and may 
almost eliminate the need for shading devices.

Energy Retrofit Strategy Reduction From Annual Cooling 
and Heating Energy Use %

Improving thermal insulation of 
external walls ≈  5 %

Improving thermal insulation 
of roof ≈  2 %

Replacing single-glazed win-
dows with double-glazed * ≈  27 %

Adding external shading devic-
es on the southern façade ≈  21 %

Combined Energy Retrofit 
Strategies ≈  45 %

 Location 1: 

Amman, Jordan

Latitude: 32.0  Deg.N      Longitude: 36.0 Deg.E

Elevation:  773 m

Location 2: 

Aqaba, Jordan

Latitude:  29.6 Deg.N       Longitude: 35.0 Deg.E

Elevation:  12 m
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 Residential Building Energy Retrofit

The purpose of this study is to investigate the 

impact of the main energy retrofit strategies that 

have been discussed in this guide on an existing 

two-storey single residence under the typical cli-

mate of Amman and Aqaba. The plans drawings 

below give information about the assumed layout, 

other assumptions are:

5.3.2. Case Study 2: 

Figure 58: Residential Building Case Study,  (a) First Floor 

Plan. (b) Ground Floor Plan, ( c) Building before retrofit (d) 
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 Location 1: 

Amman, Jordan

Latitude: 32.0  Deg.N       Longitude: 36.0 Deg.E

Elevation:  773 m

Location 2: 

Aqaba, Jordan

Latitude:  29.6 Deg.N      Longitude:  35.0 Deg.E

Elevation:  12 m

Residential Building

Floor Area = 400 m2

Ceiling Average Height = 3 m

The building is Air conditioned, cooled in 

summer and heated in winter 

Coefficient of performance (COP) = 3.5

 Cooling/ Heating Hours= 10 hr/day

Working Days=7 day/week

Set Point for Heating = 21 Deg. C

Set Point for Cooling= 23 Deg. C

Setback Temp.= 15 heating, 30 cooling

WWR= 32 %

Equipment Power Density= 5 W/m2

Lighting Power Density= 10 W/m2

Occupancy density= 50 m2/person

Study Results: Existing Residential Building

It is clear that there is a considerable reduction in 

the total cooling and heating energy consumption 

when implementing the four proposed energy ret-

rofit strategies reaching a total reduction of about 

50 % of the annual cooling and heating energy use 

of the building. The individual effect for each strat-

egy as a reduction from annual Cooling and Heat-

ing energy use is listed below:

Location 1: Amman

Energy Retrofit Strategy Reduction From Annual Cooling 
and Heating Energy Use %

Improving thermal insulation 
of external walls ≈  17 %

Improving thermal insulation 
of roof ≈  6 %

Replacing single-glazed win-
dows with double-glazed * ≈  25 %

Adding external shading devic-
es on the southern façade ≈  8 %

Combined Energy Retrofit 
Strategies ≈  50%

*Note: if selecting a tented glass for the windows with Solar Heat Gain Coefficient 
(SHGC) <0.4, the load reduction will be much more by window alone and may 
almost eliminate the need for shading devices.

Energy Retrofit Strategy Reduction From Annual Cooling 
and Heating Energy Use %

Improving thermal insulation of 
external walls ≈  12 %

Improving thermal insulation 
of roof ≈  4 %

Replacing single-glazed win-
dows with double-glazed * ≈  28 %

Adding external shading devic-
es on the southern façade ≈  9 %

Combined Energy Retrofit 
Strategies ≈  47 %

Location 2: Aqaba
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5.3.3. Case Study Summary of Results:

Four main energy retrofitting strategies have been 

tested to find their individual and collective effect on 

reducing the total cooling and heating energy use of 

a residential and a commercial building in two differ-

ent climate zones in Jordan (Amman and Aqaba). The 

tested strategies were improving the thermal con-

ductivity of the Roof, the External Walls, and the Win-

dows of the selected building as well as adding Exter-

nal shading devices above windows on the southern 

elevation. A summary of results is below: 

Residential buildings both in Amman and Aqaba 

benefit from improving the wall thermal con-

ductivity, mostly Amman residence since it is 

heating dominated building and since WWR is 

around 30% that means 70% of the facades are 

solid walls, so improving the external wall means 

a large area of the envelope has been improved.

Commercial buildings both in Amman and Aqa-

ba benefit from shading the south facing win-

dows due to the large area of glass facing south 

in the tested design and since both are cooling 

dominated buildings.

The roof has the least influence on all buildings, 

but it has better reduction percentages in resi-

dential buildings.

The improvements of the thermal performance 

for windows in regard to thermal conductivity 

and  Solar Heat Gain Coefficient (SHGC) resulted 

in achieves largest reduction in the cooling and 

heating energy use, it ranges between 25%- 29% 

of total HVAC energy use.

Figure 59:  Comparison between maximum and minimum 

achieved reduction percentages of original total heating 

and cooling load before and after Energy Retrofit.
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Table  3: Total Heating and Cooling Energy Use Reductions Energy Related Retrofit Strategies 

 Commercial Residential

Amman Aqaba Amman Aqaba

With Wall Retrofit 8  % 5 % 17 % 12 %

With Roof Retrofit 3 % 2 % 6 % 4 %

With Window Retrofit 29 % 27 % 25 % 28 %

With Shading Devices on South Facing Windows Retrofit 25 % 21 % 8 % 9 %

With All Retrofits Strategies 53 % 45 % 50 % 47 %

Figure 56: Total Heating and Cooling Load Reduction Percentages- Comparison before and after Energy Retrofit
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Conclusion

This Guide has discussed issues  related to energy 

and buildings in the context of Jordan, local build-

ing codes, and the concept of retrofitting the ex-

isting building envelope with a special focus on 

energy conservation. It aims to provide a better 

understanding of the current situation of the en-

ergy performance of the existing building stock in 

Jordan and the issues related to the building enve-

lope retrofits. The Guide has assessed the current 

thermal performance of the existing building enve-

lope’s main components and developed a retrofit 

guideline to achieve compliance with the Jordani-

an Energy Efficient Building Code as the main tar-

get, with respect to thermal transmittance limits.

Improving the thermal performance of windows as 

well as external walls and roof is very important to 

avoid heat loss in winter and heat gain in summer, 

which results in large demand for heating and cool-

ing to maintain thermal comfort in the indoor envi-

ronment. To improve the condition of the building 

envelope, it is important to develop heat transfer cal-

culations before starting a retrofitting project, taking 

into consideration the heat capacity of the building’s 

envelope as the function of its thermal mass.

The main passive design solution proposed for ret-

rofitting external walls and roofs is adding a thermal 

insulation layer on the inner or outer surface of the 

structure. Compared to the external insulation op-

tion, in most cases, the internal insulation would be 

a better selection as it requires less effort and cost 

for implementation. The external insulation solution 

also requires more protection regarding waterproof-

ing, Ultraviolet radiation (UV) and a durable top 

finish such as tiles.  In addition, in many local cases, 

physical obstacles exist on the roof such as water 

tanks and mechanical equipment.  

However, the internal ceiling might have lighting 

fixtures or mechanical installation that will make it 

hard to work around; the internal insulation solution 

might also cause a slight reduction in the height of 

the internal spaces. Therefore, the decision of where 

to add the insulation layer (on the external or the 

internal face of the roof) depends on the individu-

al building’s situation and should be examined on a 

case by case base. 

For external wall retrofit, the two concerns would be 

external cladding material and taking of the internal 

area of the space. In Jordan, the natural stone clad-

ding is very popular and durable, therefore when 
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stone cladding exists; it is preferable to select adding 

thermal insulation to the internal face of the wall.

For internal partitions and slabs, retrofitting is only 

required when it separates two different units heat-

ed/cooled with different energy resources.

While windows’ retrofitting could be a costly choice, 

it is a successful investment since windows consid-

ered the largest contributor to heat loss and heat 

gain in buildings. Changing from single-pane (the 

most common type in existing buildings in Jordan) 

to double-pane window unit, improves the thermal 

performance by more than 40%, while changing 

the frame from aluminium to UPVC will not only in-

crease the thermal performance of the window, but 

will reduce the infiltration and enhance the thermal 

comfort for occupants. When considering addition-

al treatments such as low-e glass, the thermal con-

ductivity improvement can exceed 50%.

When comparing the thermal performance for 

common local building envelope compositions, 

the code-compliance post-retrofit thermal per-

formance improved dramatically. Depending on 

the thermal conductivity of the tested current ele-

ments, improvements to comply with the thermal 

insulation code can reach above 70% in external sol-

id walls, between 50% - 70%  in external cavity walls, 

and 25% in already insulated walls. While in the roof 

structure, improvement of thermal conductivity can 

reach 50%. This thermal performance improvement 

results in significant energy savings in buildings as 

well as better indoor environment quality and ther-

mal comfort for occupants.  

This Guide has proved that the requirements of the 

Jordan Thermal Insulation Code and the Jordan En-

ergy Efficient Building Code can be achieved by us-

ing current, common building materials.

In the last section of this guide, four main energy 

retrofitting strategies have been tested to find their 

individual and collective effect on reducing the total 

cooling and heating energy use of a residential and 

a commercial building in two different climate zones 

in Jordan (Amman and Aqaba). The tested strate-

gies were improving the thermal conductivity of 

the Roof, the External Walls, and the Windows of the 

selected building as well as adding External shading 

devices on the windows of the southern elevation.

The outcome results show that retrofitting the build-

ing walls to meet the requirements of the local code 
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resulted in reducing the energy use between 5% 

and 17%. Residential buildings both in Amman and 

Aqaba benefited from improving the wall’s thermal 

conductivity, mostly the Amman residence since it 

is a heated dominated building and since WWR is 

around 30% that would leave most of the facades 

as solid walls, so improving the external walls 

means that a large area of the envelope has been 

improved. While the roof has the least influence on 

all buildings, it has better reduction percentages in 

residential buildings.

The improvements of the thermal performance for 

windows in regards to thermal conductivity and So-

lar Heat Gain Coefficient (SHGC) resulted in achiev-

ing the largest reduction in the cooling and heating 

energy use, it ranges between 25% and 29% of total 

HVAC energy use.

It is noticeable that commercial buildings, both in 

Amman and Aqaba, benefitted from the strategy 

of adding solar shading devices on the southern fa-

cade. The total Energy savings range between 21% 

and 25%. This significant reduction is due to the 

large glazing facade facing the south, in the select-

ed case, and because commercial buildings in this 

climate are cooling-dominated buildings. 

When combining all tested strategies together, they 

would have a total reduction in cooling and heating 

energy use between 45% and 53%. This highlights 

the great potential to reduce energy bills in Jorda-

nian buildings, and increase the thermal comfort of 

occupants that will enhance their health conditions.

Therefore, the process of energy retrofitting gives 

tangible results at an individual level, but there is a 

lack of knowledge about its benefits. Besides the po-

tential energy reduction, it improves the quality of 

life for occupants inside buildings, where they spend 

more than 85% of their time. It also provides an op-

portunity to extend building lifespans, preserve em-

bodied energy in buildings, and control urban ex-

pansion such as the unplanned growth of Amman. 

Developing strategies to encourage people to in-

vest in improving the condition of their buildings 

through energy retrofitting would reduce energy 

demand on a large scale. Reducing energy usage in 

buildings requires an effective cooperation between 

the government and the local community; it is high-

ly recommended to develop awareness plans as well 

as incentive programs to encourage building’s own-

er to retrofit their buildings envelopes with focus on 

energy conservation.
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Members & Services

Al-Boucai Engeneering 
Consulting Buneau

Business Membership - Gold

Key Services:

Master planning, build, engi-
neering, including architectural, 
structural to electrical, mechani-
cal and interior design

Contact Information:

Phone: (06) 4629504

Al kamal Consulting Engineers 

Business Membership - Silver

Key Services:

Architectural and Engineering 
services 

Contact Information:

Phone: 0795901818
Website: www.alkamal-pdc.com

ALFADEN

Business Membership - Silver

Key Services:

Complete A-Z building system 
based on Green and Low Energy 
requirements

Contact Information:

Phone: 0787990033 

Consolidated Consultants Group 

Business Membership - Silver

Key Services:

Design and construction 
Supervision 

Contact Information:

Phone: (06) 4612377
Website: www.ccjo.com

Marsa Architects and Engineers 

Business Membership - Silver

Key Services:

Architectural services 

Contact Information:

Phone: (06) 5655588
Website: www.marsaarchitects.com

Design & Supervision Services

Mostaqabel Engineering 
and Environmental 
Consultants 

Business Membership - Silver

Key Services:

Design and construction 
supervision

Contact Information:

Phone: (06) 592 3602 
Website: www.mostaqbal.jo 
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M.A. Abu – Eisheh&Bros 

Contracting co.

Business Membership - Silver

Key Services:

Contracting services

Contact Information:

Phone: (06) 566 9531
Website: www.abueisheh.com

Ruqn Al Handasa

Business Membership - Silver

Key Services:

consulting engineers

Contact Information:

Phone: (06) 4653344 
www.ruqn.com

Faris & Faris Architects 

Business Membership - Silver

Key Services:

Design and construction 
supervision

Contact Information:

Phone: (06) 464 4600 
www.farisandfaris.com

Sabeel Al-Handsah

Business Membership - Silver

Key Services:

Design and construction 
supervision

Contact Information:

Phone: (06) 590 3030
Website: www.sabeelce.com

Construction services and materials

Dar Group

Business Membership -Platinum

Key Services: Design and 
construction supervision.

Contact Information:

Phone: (06) 590 3030
Website: www.dargroup.com

Sterling BIM

Business Membership - Silver

Key Services:

Delivering a wide range of services 
with BIM through working across 
sectors on all the project stages

Contact Information:

Phone: (06) 5523126
Website: www.sterlingbim.com

Holy Rock Engineering office

Business Membership - Silver

Key Services:

Engineering consultancy services 

Contact Information:

Phone: (06) 4200204
Website: www.hreo-c.com
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Moka`ab Constructions

Business Membership - Silver

Key Services:

Building construction

Contact Information:

Phone: (06) 5538854
Website: 
www.mokaabconstructions.com

Babel Contracting Company

Business Membership - Silver

Key Services:

Building construction , renovation 
and rehabilitation works, MEP and 
infrastructure works, steel struc-
tures, communicat ion networks, 
renewable energy solutions, dec-
oration works and furnishing

Contact Information:

Phone: (06) 5150560 
Website: www.babel.jo

Arab Technical Construction Co. 

Business Membership - Silver

Key Services:

Building construction

Contact Information:

Phone: (06) 567 3424 

Najjar Industrial Trading 

Company 

Business Membership - Silver

Key Services:

Leaders in design, fabrication 
and erection of steel structures

Contact Information:

Phone: (06) 5601306
Website: www.najjarsteel.com

Suppliers

Consolidated Contractors Com-

pany Limited Jordan 

Business Membership - Silver

Key Services:

Leads the industry in the adop-
tion of new technology to im-
prove construction efficiency and
enhance project controls

Contact Information:

Phone: (060 4658403
Website: www.ccc.net

Abu Assi Cont. Est

Business Membership - Silver

Key Services:

 Construction services.

Contact Information:

Phone: 02 7102709
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Ittihad Insulating Glass

Business Membership - Silver

Key Services:

Insulated glass, safety glass and 
decorative glass

Contact Information:

Phone: (06) 479 0050
Website: www.ittihadglass.com

Petra Engineering Industries Co

Business Membership - Silver

Key Services: 

Producing a wide variety of HVAC 
equipment that meets a diversity 
of application requirements ca-
tering to the worldwide market

Contact Information:

Phone: (06) 553 1508 
Website : www.petra-eng.com

Arab Technical Group

Business Membership -Platinum

Key Services:

Arab Technical Group is an engi-
neering trading company that offers 
high-quality products and innova-
tive solutions for the heating, cool-
ing and renewable energy markets.

Contact Information:

Phone: (06) 5 517 711
Website: www.atgco.com

Helou Trading Co. 

Business Membership - Silver

Key Services:

Provide superior turnkey 
solutions for all kinds of services, 
including architectural, electro-
mechanical, design, carpentry, 
and glass

Contact Information:

Phone: (06) 4630098 
Website: www.helou.jo

Ayla Constructi on chemicals

Business Membership - Silver

Key Services:

Construction products

Contact Information:

Phone: (06) 5338891 
Website: www.dcp-int.com

Prefabricated Buildings 

Co. (Maani)

Business Membership - Silver

Key Services: Prefab, steel, 
metalform, LGS, solar, learning 
and office concepts.

Contact Information:

Phone: (06)  412 91 19
Website: www.maani.com
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Qatrana Cement Company

Business Membership - Silver

Key Services:

Construction cement providers

Contact Information:

Phone: (06) 580 2000
Website: www.qatranacement.com

Ata Rabah for Aluminum - Eylaf

Business Membership - Silver

Key Services:

Windows, doors, interior 
partitions, and shutters

Contact Information:

Phone: (06) 541 12 22   
Website: www.atarabah.com

Jordan Sipes Paints Co. ltd

Business Membership - Silver

Key Services:

Construction paints like water 
borne (emulsion) finishes, acrylic 
pigmented sealers, plastic and 
super plastic emulsions for Interi-
or/ exterior, fine texture coatings 
for decorative finishes, alkyd 
base finishes, special effect fin-
ishes, wood finishes, multi-pur-
pose coating effects, and heavy 
duty coatings

Contact Information:

Phone: (06) 4201292
Website: www.sipes.net

Awj Water Engineering

Business Membership - Silver

Key Services:

Specialized water and waste 
water treatment company that 
offers plant and equipment 
for desalination, ion-exchange 
demoralization, clarification, 
filtration, chlorination, chemical 
treatment, water pressurization 
and storage

Contact Information:

Phone: (06) 5332150 
Website: www.awj-water.com

3 Pillars Consulting Engineering 

and Environment

Business Membership - Silver

Key Services:

Provides comprehensive services 
related to business development 
,administration and financial 
management assistance, study, 
design and management of envi-
ronmental solid waste develop-
ment and infrastructure projects

Contact Information:

Phone: (06) 5561752
Website: www.3pillars-consulting.com

Energy and environmental 

solutions and services
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Eco Engineering and Energy 

Solutions - EcoSol

Business Membership - Silver

Key Services:

Energy, water and sustainability 
consulting

Contact Information:

Phone: (06) 533 0070
Website: www.ecosol-int.com

Energy International Corporation

Business Membership - Silver

Key Services:

HVAC, electromechanical and 
transportation industries, provid-
ing quality products, engineer-
ing, design, installation, commis-
sioning and testing

Contact Information:

Phone: (06) 556 1718
Website: www.energyintl.com

HANANIA Energy

Business Membership - Silver

Key Services:

Solar energy integrated solutions 
providers

Contact Information:

Phone: (06) 5333003
Website: www.hanania.jo

Izzat Marji Group

Business Membership - Silver

Key Services:

Heating systems, air conditioning 
systems, sanitary ware, bathroom 
and kitchen fixtures, plumbing sys-
tems, fixing systems and power tools, 
solar photovoltaic and acrylic solid 
services: Energy and sustainability 
consulting, Solar thermal systems

Contact Information:

Phone: (06) 5357733
Website: www.marji.jo

ETA-max Energy and 

Environmental Solutions

Business Membership - Silver

Key Services: 

PV systems, energy management 
and energy training services

Contact Information:

Phone: (06) 5850770
Website: www.eta-max.com

Al Maida Industrial

Business Membership - Silver

Contact Information:

Phone: (06) 5 858 009
Website: www.al- maida.com
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Ishraq Energy

Business Membership - Silver

Key Services:

Solar energy, wind systems, 
water treatment, lighting solu-
tions, BMS and home automa-
tion, and energy auditing

Contact Information:

Phone: (06) 5357071 
Website: www.ishraqenergy.com

E2E Integrated solutions

Business Membership - Silver

Key Services:

Energy Policy and Strategy, 
Energy Efficiency (EE), Clean-tech 
and Environment and Financing

Contact Information:

Phone: (06) 4 6140 05/6
Website: www.e2eco.com

Cambridge Engineering

Business Membership - Silver

Key Services:

Offering sustainability in MEP and 
use of renewable energy systems 
to reduce operation cost

Contact Information:

Phone: (06) 5233822
Website: www.cambridge-cec.com 

Quantum Jordan W.L.L.

Business Membership - Silver

Key Services:

Contractual, commercial and 
planning services to parties 
working in the construction 
industry

Contact Information:

Phone: (06) 5537750
Website: www.qgs.global

Pivot Jordan for renewable 

energy

Business Membership - Silver

Key Services:

MEP Contracting, Photovoltiac 
Systems, Thermal Solar Water 
Heaters, and Pumping Systems

Contact Information:

Phone: (06) 5522754
Website: www.pivot-jo.com

AJB - hightech LTD

Business Membership - Silver

Key Services:

Building Automation Systems, 
Testing , Balancing and Commis-
sioning, O and M manuals, 
Sandvik Representative

Contact Information:

Phone: (06) 5 527 778 
Website: www.ajbautomation.com
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Jubilee School

Business Membership - Silver

Key Services:

Education

Contact Information:

Phone: (06) 5238 216 
Website: www.jubilee.edu.jo

JOECO LLC

Business Membership - Silver

Key Services:

Environmental, solutions, con-
sulting, training and workshops

Contact Information:

Phone: 0791219010
Website: www.joeco-jo.com

Educational Institutions

Al-Ridwan Schools

Business Membership - Silver

Key Services: National school 
education programs.

Contact Information:

Phone: (06) 535 5112 
Website: rs.edu.jo

SHUAA ENERGY

Business Membership - Gold

Key Services: 

Provide solar energy systems, 
installations and logistic services

Contact Information:

Phone: 0795585869
Website: www.sdco-jo.com

Al Sa’adah College Schools

Business Membership - Gold

Key Services: Education.
Contact Information: 

Phone: (06) 5662646
Website: 
www.saadahschools.com

Zalloum & Lawsi Law Firm 

Business Membership - Gold

Key Services:

Legal consultancy

Contact Information:

Phone: (06) 565 4393 
Website: www.zllawfirm.com

Legal consultancy
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Financial and Economic services

The Housing Bank for Trade 

and Finance

Business Membership -Platinum

Key Services:

Banking financial services

Contact Information:

Phone: (06) 552 1011
Website: www.hbtf.com

Capital Bank of Jordan

Business Membership -Platinum

Key Services:

Banking financial services

Contact Information:

Phone: (06) 510 0200 
Website: www.capitalbank.jo

Sky Bound Group

Business Membership - Gold

Key Services:

Internationally-positioned invest-
ment and asset management 
company headquartered in Am-
man, Jordan with diversified inter-
ests in multiple sectors including 
property and real estate develop-
ment, financial services, food and 
beverage, and education

Contact Information:

Phone: (06) 5376677 
Website: www.skyboundgroup.com

Majid Al Futtaim Group

Business Membership - Platinum

Key Services:

Shopping malls, communities, 
retail and leisure. 

Contact Information:

Website: 
www.majidalfuttaim.com

Aramex International

Business Membership - Silver

Key Services:

An independent voluntary orga-
nization that is devoted to the 
conservation of Jordan’s natural 
resources

Contact Information:

Phone: (06) 5515111
Website: www.aramex.com

Trading and Retail Companies 

Logistics and Shipping 
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Jordan Land Magazine

Business Membership - Silver

Key Services:

Marketing services - Jordan 
Land Magazine is a compre-
hensive economic magazine 
- dealing with real estate and 
construction. It is the first 
magazine focused on the real 
estate sector through its cov-
erage and distribution in the 
Arab world and MENA region

Contact Information:

Phone: +962 6 5511680 
Website: www.jordanland.net

Marketing and Advertising

SADDA marketing & business 

solutions

Business Membership - Silver

Key Services:

Marketing services - SADDA is 
a marketing, branding, public 
relations, and online business 
solutions studio

Contact Information:

Mobile: +962 79 9088996
Website: www.sadda.jo
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BDO

Business Membership - Platinum

Key Services:

Audit and assurance, tax 
services, business services and 
outsourcing, risk management 
and risk advisory services as well 
as wide range of advisory and 
consulting services

Contact Information:

Phone: (06) 5816033
Website: www.bdo.com.jo

TUV

Business Membership - Silver

Key Services:

 Inspects validity of TÜV 
AUSTRIA certificates in Jordan

Contact Information:

Phone: (06) 5686771 
Website: www.tuvaustria-jo.com

Inspection and standardization Environmental Organizations 

The Royal Society for The 

Conservation of Nature

Business Membership - Silver

Key Services: An independent 
voluntary organization that is 
devoted to the conservation of 
Jordan’s natural resources.

Contact Information:

Phone: (06) 5337931/2
Website: www.rscn.org.jo
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Getting Involved

Established in 2009, the Jordan Green Building Council is a member-based Civil Society and cross-sector Non-profit, 

Non-Governmental organization registered at the Ministry of Social Development. It received its “Established 

Member” status after the formal acceptance of the World Green Building Council in April 2012. 

Its Mission is to: Promote and advocate for the adoption of the Green Built Environment Practices, leading to-

wards making Green Buildings a widespread reality in Jordan. Our Council is part of a global network of more 

than 74 GBCs worldwide and holds the authority to represent the World Green Building Council (WGBC) in the 

Hashemite Kingdom of Jordan. The Jordan Green Building Council is currently the Vice Chair of MENA (Middle 

East and Northern Africa) Regional Network. 

Jordan GBC has evolved to be a global leader in this field and will continue to serve and make the Kingdom 

proud. This representation has turned out to be a great opportunity to enhance the Kingdom’s position as a 

leader in this field and now the Jordan GBC can contribute effectively in the development, implementation and 

dissemination of the Green Built Environment policies globally.

To become a member or a volunteer in Jordan Green Building Council, 

all you have to do is to visit our location in Amman and register.

We offer training programs and awareness sessions all year long among many other services. So if you’re an individu-

al, a professional, an organization, a start-up or a well-established company, please come and join our journey.





Established in 2009, Jordan Green Building Council is a member based, civil society and 

cross-sector non-profit, non-Governmental organization registered at the Ministry of 

Social Development. Its Mission is to: Promote and advocate for adoptation of the 

Green Build environment, leading towards making the Green Build environment a 

widespread reality in Jordan.

Our Council is part of a global network of more than 74 GBCs worldwide and holds the 

authority to represent the World Green Building Council (WGBC) in the Hashemite 

Kingdom of Jordan. The Jordan Green Building Council is serving as the Vice Chair of 

MENA (Middle East and North Africa) Regional Network. Jordan GBC has evloved to be 

global leader in this field and will continue to serve and make the Kingdom proud.

The awareness process happens through four major processes: Firstly, and most 

importantly the membership and networking; where we seek potential members in 

the green sector of Jordan in order to shed the light on the most important services, 

products or internal processes that are Eco friendly though sharing their own experiences 

using our green promotion and networking platforms.

Secondly, the Green Academy which is meant to enhance the public’s awareness and 

education by being committed to proving high quality education in green practices 

and processes in order to train professionals to develop, manage and successfully 

execute green projects. Jordan GBC builds these capacities through  professional 

workshops and trainings realted to Green Buildings.

Thirdly; Outreach activities and events where customized to serve different target 

groups to suit their awareness needs in order to send the message of Eco friendly 

buildings and build environment. The outreach events can target School student, 

universities, engineers of different fields.

Lastly, Reserach and Innovation; we constantly work on developing the council through 

researching potential for projects and engaging different stakeholders from mutiple sectors.

     @ JordanGBC

     Jordan Green Building Council

     +962 6 55 20 893

     www.JordanGBC.org
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