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GREEN BUILDING COUNCIL

Jished in 2009, Jrdan Green Buiking Councl s member based. vl society and

tor monpeoft, non Gavernmental organization r « Mty of
Social Development,Its Misskon ks 10 Promote and advocate for sdoptation of the
Green Build environment. leading lowards making the Green Buld emyironment

widaspread reaity in Jorgan

Our Coundlis part o a ghobal network of more than 74 GBCs worldwide and hoids the
authodty 10 represent the Worid Green Bulding Council (WGEC) in the Kashomite
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o 30k th
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ching poteniisfor pojects and cngaging dficrent sabiehokders fror

Climate and Energy Project
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Cimate and Energy Project
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Wind and solar PV Primary Energy 122019, Jordan was. Consequently, the fist Jordan Research and
Sources in Jordan & Training Reactor URTR) was built in 2016
‘ofthe electricity generation (19). [Ratural gos o5 the main sources R, o AW ot

nergy.

the Korean Atomic Energy Research Institute

(KAERI. In addition, it was announced in 2018 Embtidloaony et ook =
ros-secton non proft, on Governmental organization registered at the Minisry of

that the second commercial nuckear power Social Development. s Mission is to: Promte and advocate for adoptaton of the

plant is scheduled for completion In 2025 In Green Buikd envircoment. lesding towards making the Green Buikd environment &

S widespuead roabty in Jordan,

0ope 52020 by Jodian Gieen
Our Council i partof 3 globol network of more than 74 G8Cs worldwide and holds the Suiding Councit Allights
authority to represent the World Geeen Bulding Councl (WGBC] in the Hashemite reserved

Energycostsaresubsidizedbythegovernment. Kingdom of Jordan, The Jordan Green Bcikding Counci I serving as the Vice Chai of

ke €35 ant orth Alis) Regionsl Network Jorcn GEC has evoned 1 b S AT
Mox Eihs o e e Enery b in this feld and will continue to serve and make the Kingdom proud.

Energy Efficiency Fund UREEEF) - which is an

Figure 7:5has of Pimary Enrgy Sources n Jorcan 21 cugh four major proceses: Fistly. and most Nesoni oy 0305091
independent entity under the umbrella of the networking: where we seek potential members in B

of its primary energy sources from Arab. Ministry of Energy and Mineral Resources; the gre 80 shed the ioht on the most inportant servies Devcloped i coopervion wike

countries Just ke Egypt some Gulf prochcs orntemal procevies that e £ rendly thosgh shaing theeown expericnces Bt Stk

provides energy efficiency and renewable ssing our green promotion and networking platforms.
energy programs with subsidized costs for Designed and iustrated by
Secondiy,the Green Academy which Is meant to enhance the publics swarenaess and Ragar A Sheith

countries and Syria

il o At e e thepublic cdhucation by being committed to proring high qualy education i green practices

since 2012 [20). The need to reduce the and processcs in order to tain professionas to develop, mansge and succeisully oo it

i exncute green projects. Jordan GEC buikds these capacities trough - professional
Jordanian dependency on Imported resources of Jordan's electricity The challenge of increxsing primary energy ot e o
was a major reason to encourage decision- LR 5 3 4 3

o irdly: Outresch acthtcs and events whore customized 10 serve difecent ta
makers o announce the National Energy by energy efficiency practices. The residontial ot 1o B ek reiatis nots W ot Vs s B et S £ ey
Strategy of 2007 - 2020.The strategy has seta sector plays a key role in this challenge which buikdings and buid emitonment, The cutreach events can Larget Schoal student,
universitie, engineers of dferent heids.
target of generating 10% of its energy demand makes NetZero Energy Buildings gain higher 7
from renewable energy sources by 2020 and interest as a crucial solution in this challenge. Loty e
the target s achieved (201, The national energy
strategy 2020 -2030 sets a target of increasing
the renewable energy share to 14% by 2030.
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Two goals have been set to promote and The major contributer to CO, the total greenhouse gas and carbon Nonetheless, all CO, emissicn predictions have

support the acceleration of NetZero Buildings: emissions in buildingsis emissions from all sectors are increasing. been affected by the pandemic of the COVID-19
i at the beginning of 2020. A global crisis in
energy use du“ng the The residential sector

the energy sector has occurred as well as an

# All new buildings must operate at NetZero CO, operationa| stage.

Sl A J Y unprecedented global health crisis. As a result of
emissions from 2030; and they must become a gases compared to transportation and industry
standard practice to meet the Paris agreement goals. Therefore, reducing the energy use sectors, as shown in figure 2.

of buildings by implementing Energy

the pandemic, countries in full lockdown have
been experiencing an average decline of 25%in
the energy demand per week, while countries

% 100% of buildings must operate at NetZero CO, Efficiency Measures (EEM) or Energy o ; 5 E
emissions by 2050; existing buildings will require Conservation Measures (ECM) is the X [oigauE HlockeonmiPeve ibeeniOpertencing
an acceleration of current renovation rates so that first priority to reduce greenhouse gas I meeragsciecline of % oy energy demand
all buildings are NetZero CO, emissions in i issi P (el
by 2050. = —

Ll A -

Globall ain L 1390 1981 154 1996 1999 2000 2002 008 2008 2008 2010 012 2014 G o
s i e iy
(energy needed to heat, cool and Figure 2: CO, Emissions in Jordan by Sector 1990 -2016 (4} L

power), and 11% from materials

and construction [2]. 1012020 01022020 2202200 14032020 DLOL2010 25042020

M Fulllockdown B Partial lockdown

169% Of the electricity consumption

Building  Bullding Industry Transportation Other =

E i Dx o
operations materials and Figure 3: Share of Global Primary Energy Demans

construetion 22% Of the total energy consumption Affected by Mandatory Lockdowns [5].
le====. ]
Figure 1: Global €O, Emissions by Sector [2]. Therefore, reducing its energy and electricity consumption

¢an be a significant contributor te reducing the overall
greenhouse gas emissions.

: NetZero Buildings in Jordan

The electricity share in water sector is: The chart below shows the increase in freshwater use Water Resources
Water over the course of the past decade for agriculture, in Jordan
Resources industry, and domestic uses. This dramatical increase
’ ﬂ 095 raises awareness to the importance of adopting water Jordan has a water scarcity with the current
w . | it’i‘u 2::_‘:‘:' The total water resources in the world are efficiency measures and achieving water balance in all supply of 100 mP/capita compared to the
1 S estimated in the order of sectors including buildings. world share of 500 m¥ capita [251. The next
3% o
i the United chart (figure 10) shows the quantities of water
Statesand in vl kapaciedigeach resources and water demands in Jordan.
the European 16%by 2040 due to Distributed 4uillonn :
Unionin 2015 the ise in desalination i Sustainable resources of water are the consistent
capacity. 23] according tothe e water resources which are not affected with
climatic zones and e s
land topography. the surrounding impacts and the climatic
In a contra versa manner, Hen conditions (lack of rain for example). Itincludes
‘water share in the energy sector ! R—— groundwater and surface water resources. [25]
will increase by: At the continental level,
The US has the largest . Water resources inclu
nearly 0% N :
share of the world's total
between 2014 and 2040. freshwater resources. [24] LSuon

ABICIC

i i i Groundwater Surface Treated  Other
ST o gl 1 A resources  water  wastewater resources
of water, such like biofuel production, concentrating resources such like
solar power, CO, emissions capture and storage (CCS) desalination

. ” 1901 1920 1840 1960 1980 2000 2014
and nuclear power. Switching to lower CO, emissions

On the other hand, the demands of water are
Figure 9: Global Freshwater Use 1900-201425]. municipal, industrial, tourist, and irrigation in
addition to the water required for oil shale and
nuclear power production. As illustrated in
W The US Asia W Europe M Africa Figure 10, the water demands in Jordan exceed

technologies and achieving water balance strategies

can help manage water resources and reduce stress on
water demand. [23]

the available water resources. For instance, the
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Buildings become more resource efficient when they are carbor iated with th { BUILDING LIFE CYCLE STAGES H sevonp suiLDiNG
designed, constructed and operated to resource efficiency stage (from gas and electricity), energy consumed PRODUCT STAGE | CONSTRUCTION STAGE m ND O CYCLE STAGES
standards such as energy efficiency codes and green in manufacturing the materials used, their i T
buildings rating systems. Asa result, the carbon emissions transportation, the construction activities, and B [} loads beyond the
a &
decrease for the whole life cycle of the building induding the eventual demolition and disposal. g H hasEaie
= é 2 ! 5 H Reuse-
H E iy J H Recovery-
ns from the bui reference to the stages E i = A i Recycling-
of the building life cycle: 3 H B Operational snerpy iss B i patculel
il o & : :
ad Figure 13: Building Life Cycle Stages [30].
ﬁ
4 Use Stage
Fieey Casbor Operational ; E i} T -
# " Carbon: - Beyond the Building Life Cycle Carbon Emissions” or In the same context, the term Cradle-to-Cradle
Site Carbon: Carbon emissions i
Cradle-to-gate associated with Carbon e:‘“f‘i“ f “Emissions’ savings” incurred due to reuse, recycle of is related to recycled and reused materials
o = associated wit %
g"’d'f: x‘:,., g nenili flEhinent the operational materials, or emissions avoided due to using waste after the end of the building life cycle. Cradle-
ate Carbon: o yransportation  replacement, s ve Carbon): 3
Carbon emissions g the site of use repair and energy and water Cradie-to-end as a source for another process. Consideration of this to-Cradle is defined as the process of making
between the emissions. i e of K of imi. i
& i t uses of a component or product and then, at the end
S nfraarthe the Usod matorials While the building il stage Is key for maximizing resource efficien ; p l? s
‘cradle’ (earth) during the is occupied. stana erisions materials at the end of life. Under ferthcoming updates of its life, converting it into a new component
;El‘ego‘ni':;;:'ly E::I’P operational stage. inaddition to to European standards, it will be mandatory for product of the same quality (e.q. recycling of aluminum
- s lition, waste ; o “
processing ;E‘E x.?;fmﬁ"eﬁ manufacturers to report this stage alongside other cans) or a lesser quality (down cycling of a
;i?:il::‘;«rr::g @ 6?“':"““ disposals (grave’) lifecycle stages in most cases, and will also be required computer plastic case into a plastic container,
h Cradle-to-End arbon: i p AT z ook K
raw materials 3 wi Construction Catborenissions Lot for building assessments. [31] which is then turned into a building insulation
extraction, Carhia Sodesions: } ﬁ associated with board, eventually becoming waste). Carbon
piocesingand RN the whole life cycle

pocery e emission calculations associated with these
emissions in addition
to the emissions from
construction and
assembly on-site,

emissions of the i £ 5
building excluding materials are less than their alternatives (32].
operational carbon.
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Lack of national carbon offset programs. Such such as solar or wind power. Each REC .. TECHNICAL 1. MITIG/
programs can sell certificates for building owners represents the environmental benefits of BARRIERS MEASURES
whom are looking for offset strategies to achieve a 1MWh of renewable energy generation. When
NetZero Building. Renewable Energy Certificates a resident purchases RECs, renewable energy Incorrect construction and operational Theiniti tices.
and Carbon Offset Certificates are examples that can of the same value is generated. In the same practices may lead to much higher is to eliminate and mitigate the challenges to
quarantee that the offset sources are operated by manner, a Carbon Offset Certificate can be energy and water consumptions as well as meet the transformation requirement, then
environmental practices. defined as a certificate that represents the embodied carbon emissions compared to spread the practice nationally.
reduction of one metric ton of carbon dioxide estimates made in the design stage.
A Renewable Energy Certificate (REC) is a proof that emissions. Figure (46) illustrates the concept of The following mitigation measures can be
energy has been generated from renewable sources the Carbon Offset Certificates. [59] Inaccurate estimates of energy and water implemented to overcome the barriers of
C i and materials ities in implementing a NetZero Building:
the design stage will lead to high deviations
between the design calculations and the MITIGATION OF SOCIAL BARRIERS
[ b actual consumptions and/ or quantities.

oping code-improve

The lack of skills and expertise across ’/‘EJ
- the construction sector and workers in the
field of NetZero Buildings. This results with

sals and veluntary programs.

that encourage and support the

Even when we do a lot to reduce our carbon

nstruction of Net Zero Buildings.
footprint, most of us can't reduce it to zero. i .

Yeu'll receive

{2 certificate ) Emissions reduction
) acknowledging and projects arethe

quantifying your only wayto negate
offset purchase, theimpact of these

remaining CO &
2 Emissions.
Renewable energy projects.
Methane capture projects. s ‘f
’r’fgm o

increased costs for working compared to

traditional buildings.

rts to develop national energy

and material references that
contain conversion factors for

embodied energy and embodied

carbon emissions.
Figure 46 : The Concept of the Carbon Offset Certificates.
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The most widespread programs and

NETZERO BUILDINGS certifications are:
A study conducted on single-family homes in The analysis of a third study carried out in the United
Few international studies have calculated the four states in America has revealed that: Kingdom in 2018 resulted with incremental costs for
incremental cost (the total cost incurred due to both and non-residential buildings equal
the additional expenses) of constructing NetZero to 5%:7%.
Buildings. The cost varies according to multiple factors r X 6 1% ] — WORLD
such as the climatic conditions, building location, Incremental &} compared to the baseline 7%- +$ GREEN
N § costranges case (building codesin 11% BUILDING
building type, community type (rural/urban), and the between 3 .
the United States). | f COUNCIL
sbiiEyeros i ARt Incremental costs for as concluded in
the residential buildings, the study: [64]
amount of savings is then compared to a baseline case in specific
e i o 5 The study was carried outin 2018 Advancing NetZero Project was launched
which is the traditional building that is built according s shu\:s (e In conclusion, studies are needed to cover initial cost, it glt : i iaal campalanits
i i in . It is a glol i
to the minimum building design and construction - running cost and ROl of applying NetZero Building 9

i Linidud & L e lnthelsel accelerate uptake of NetZero Carbon
will decrease the incremental cost to become as.ah emefging gréeh Bulkding prsctice Inficiiced buildings to 100% by 2050 through

, ket diffe territories of Jordan. The vision
I 3.1-5.5%1n 2030, 63] market across different territories of Jordan. 1€ VISIOf Green Bu||d|ng Gouncils’ from 15
is to embed the practice in the national standards

criteria in the region of study (business as usual case).

. countries around the world. The Green

and legislation to be verified and validated for every i e le heere devela

X The future reduction in the incremental cost is building i the future, Building Councils have been developing

e 4 ial Buildi expected due to the decline in the renewable mechanisms and initiatives to facilitate
commercial Buildings ; :

9 systems costs and the higher efficiency gains ne mass market transformation, and lead

0]

:nm:::,’cef;:;:ed:,:?af of the equipment which is a result of the ACHIEVING NET ZER the way, inspiring the P‘usiness and the
United States ranges between evolving technology. BUILDINGS geiemmEnt communitizs: to! follow.
Besides, the Green Building Councils

0-15% with a payback period between 5-10 years terr haveb dicated ensure alignment with the four key

to implementing, advancing and analyzing impacts project principles illustrated in figure (48).

of NetZero Buildings. There are also Certification
Schemes that confirm buildings’ compliance with the
NetZero goals.

i NetZero Buildings in Jordan 1 ()

I GETTI NG The design of a NetZero Building follows
.

the strategies of sustainable building design
S TA R T E D which depend onthe conservation, reduction,
andreuse ofresources. Asalastresort, NetZero
The decision to develop or convert a building to a Buildings employ the offset strategies - such
NetZero Building can be taken at any time during the life as renewable energy systems; to compensate
of the building. The earlier this decision is made; the more for the building’s consumption. The three
flexible it is to make design modifications with less cost, main resources in focus in the approach of
this relation is illustrated in Figure (14). If a project is well NetZero buildings design are:
planned and the NetZero building goals are incorporated
inthe early stages of the design, the possibility of reducing (ﬂgmmy ( 9) e (—-)) e
the negative impacts is greater and the cost of criteria
implementation is minimized [34]. For instance, selecting The strategy of designing a NetZero Building
IM P LEM EN TATION OF the building envelope materials which contribute to consists of three steps, which needs to be

achieving the NetZero goals in the early stages of the followed in a down-top approach. Figure 16

design i ing the ildi e
lesign is better than changing the building envelope ilstrates the design steps: [35]

materials after the operation; such a change would be
costly and constrained by many limitations.

(=,

=
Flexibility Costof

Changes

OFFSET
Figure 14: The Relation Between the Cost and Flexibility of Figure 15: The Pyramid of the Three-Stepped
Making Changes During the Life of the Building [34]. Strategy.

e

Lol
REDUCE

NetZero Buildings in Jordan 35

As a second option, materials can be recycled either Asillustrated in figure 39, the carbon emissions A Matter of Trade-off then calculating the amount of CO2e which
on or off the construction site. A higher percentage associated with the production of steel with is associated with each stage of the material
of recycled content indicates that fewer raw materials 97% recycled content is 50% less than carbon In some cases, reducing the carbon footprint of a life cycle. Finally, carbon offset sources are
were extracted. The most widely used recycled emissions from the production of steel with 25% material may not contribute to reducing the overall adopted to compensate for the calculated
construction material is reinforced steel bars. The recycled content. Unfortunately, the production life cycle carbon footprint. On the contrary, increasing carbon emissions.
recycled content in steel bars varies between 25% to of 97% recycled content steel accounts for 29% the embodied carbon associated with the Production
90%. Reinforced steel bars are an example of cradle of the total global steel production compared Stage may decrease the building life cycle of the The Calculations of Embodied Carbon
-to- cradle construction material. to 719 for the 25% recycled content steel. [58] embodied carbon.
Each material or product in the building has an
One example is adding a large thermal mass material, embodied carbon conversion factor (which is
that is high in embodied carbon, thus reducing the unique for each material). It provides the value
BOF ingredients: : building life cycle of embodied carbon by reducing of the embodied carbon emissions associated
i forpebbirisyd heating and cooling loads. with that material, and depends on multiple

Recycled Steel (~25%)

considerations during the Material Life Cycle
-50% Stages. These considerations are:
Less €O, emissions. Third - Offset

Carbon Emissions 4 m L= A

The extraction  The energy The distance of

1. Mine raw of procure 2. Manufacturing on either an EAF or a . _ _ processofthe  sourceused for transportation
recycled steel. BOF furnance. construction materials is elaborated by calculating atetal manufacturing

278 Most scel members are recycled the “Embodied Carbon” associated with each material
¥ atthe end of the buildingss life component after applying all possible reduction and
reuse strategies. . @
D

>

The offset strategy for carbon emissions from building

ab.ﬂ) | uction _ e I
— s The use-stage and The carbon impact
b The caleulation methadology can be i diby tion/ assoclated with the
Figure 39: Carbon Impact of Steel with 25% and 97% Recycled Content (58], listing all construction materials and their quantities, demolition stage method of construction
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In particular, the “Thermal Insulation Code” defines the and improve thermal performance. The three u First - Reduce Energy

thermal design principles for buildings in Jordan, such stepped-strategy to accomplish a NetZero

as the types of materials used in thermal insulation, the Energy Building starts by reducing energy The target of NetZero Energy buildings is to lower
design requirements and design calculations. Another consumptions, reusing the residual energy,

energy consumption and generate enough energy to ;
reference of high importance for the design of NetZero and offsetting energy by renewables. Figure 17 The energy needed for heating and
cooling is defined as: ‘Heat to be

match or exceed the remaining energy consumptions.

Building is the “Energy Efficiency Building Code” which illustrates the measures of Energy Reduction, Therefore, the first step is to reduce the demand for SR G e e, o
provides the minimum requirements in architectural Reuse and Offset which will be introduced to energy by implementing energy efficiency measures, conditioned space to maintain the
and MEP systems' design to lower energy consumption achieve a NetZero Building,

thus reducing the generation capacity required by intended temperature’ [44].

renewables to reach the NetZero Energy.

“" @ \‘&} @ Solar Collectors and PV panels In Jordan, energy needs are mainly driven by heating A Net-Zero Energy building must be designed

Heat EffcentHestig, Eficient  Conwol #Green foofs loads as illustrated in figure 18 which shows the to have minimal heating and cooling energy

Exchangers Ventlationand  Boiler Systems & Cool Roof 5 X " .
Air Conditioning PR o general energy breakdown of sample of 400 typical needs. Otherwise it will require plenty of

System < bl =
g .  Efficient Lighting System residential apartments in Amman generation to compensate for these loads.
N.
= : @ Daylight .
insulated 1 Strategies S‘:::e?oulmg e
S 10% W 4% B The first step in designing Net Zero and
>
- Water Lighing efficient buildings is to analyze and
,//;/ ® shading Heating S e 2 £
®Glazing | A 3% W Energy understand the climatic charact-ensncs of the
hatualVenilaton’ @ Passive Evaporative :‘:;:y’;‘:{‘m Breakdown Spmmgmm area in order to implement design strategies
Cooling that fit the climate and provide comfortable
»:f?:: environments for occupants in the building.
i R and Cooking
Efficent Water  Thermal & ®Reuse
Heating Mass. RQALZ,T°“‘ o0fet Figure 18: Energy Breakdown in Residential Apartments in
Amman [43).

Figure 17: Measures of Energy Reduction, Reuse, and Offset to Achieve a NetZero Building [41], [42].
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= Chapter 1
JORDAN ENERGY PROFILE

JORDAN ENERGY
PROFILE

Dependent on 92% of
energy imports %
along with the regienal
instability and major supply disruptions,

Jordan has faced an energy crisis

in the past few years [1]. This crisis is exacerbated
by the tremendous increase in the population
due to the high influx of refugees adding more
pressure on the energy sector, especially in North
of Jordan and in the capital Amman where 42%
of the population is concentrated [2].

of the population is
concentrated in the capital
Amman (2).

Urban population in Jordan
constitutes for more than 80%
of the total population (3).

e
~
Local production of of Jordan’s total Ilm
energy using these nee Domestic oil production
sources did not has increased steadily from
500 taons
| thus, Jordan depends highly on imports in 2015
! to cover its energy needs [1]. rL
| ta 1000 tans
| in 2018
Jordanhasa ﬁ 70 .
|
| huge amount of S
BILLION : ut is
OIL SHALE TONS projected to decrease
| which exceeds 4% by 2025.
| ©
Oilshalemaybe burmed directly lectricity.The !
| Domestic natural gas.

government has signed several investment agreements
| for the surface retorting for the mined oil shale, but they
were delayed due to the decline of oil prices.

production fell from

4.3 Billion
Cubic Feet [BCF)

[ ]
3.3 Billion
Cubic Feet over the
same period

It's use is expected
W to reach 8%
of the energy share in 2025,
| (Table 1} [1).

Lo
A
= i

ol we

g &8

i { 1

million
inhabitants
meet the
=ie population
o~

Apwtment House Vil Tent Shanty  Carsvan Indtitution Under
construckon

Figure 5: Housing Types Disteibution in Jordan

49,000 new households

are required annually, to form over

The demand f
IOt dparnent el Jerdar iew 00 006 220,000 new households by 2020 (8):

households in 2004 to reach 2 million apartments in 2015
[8]. Despite the drop in completed dwellings in 2017 4] S
compared to 2016, the annuallicenses granted for additions
to existing bulldings are increasing (Figure 6).

The high demand for housing is finding
immense respanse from the real estate
agencies and developers by providing a
magnitude of market-oriented buildings:

to satisfy these prerequisites.

Household Industry Water Pumping | Street Lights
43 25 15 15

2014 2 l
2015 43 25 15 15 2 ;
2016 45 23 15 15 2 i
2017 46 2 15 15 2 |
2018 46 2 14 16 2 I

Table 4: Distribution of efectricity consumption according to sectors (2014-2018) %

e |

2014 46 20 21 13 !
2015 48 17 22 13
2016 48 16 20 16
2017 4 14 2 14 '
2018 49 14 21.5 155 {l
Table 5: Di ionof final qy fon in sectors (2014-2018) %  * Commeroiai i al sectors along with street lighs: '
|

The residential sector consumes the greatest share of electricity and second greatest share of energy in Jordan, As |
the demand for electricity increases year after year, It is important to und Energy c ion in residential
buildings as a main step towards energy efficiency.

P

=]
D. DELIVERED ENERGY: HEAT TRANSFER CAN BE ACHIEVED BY:
This is the amotint of energy supplied to meet a building’s
net energy demand (energy for heating, cooling, !
ventilation, hot water, lighting, pumping and appliances).
It usually consists of electricity and/or fuel such as gas, Transfer of heat between substances which
oil and biomass. Delivered energy is expressed in kilowatt are in direct contact with each other, This
hours (kWh) and can be complemented by on-site occurs through walls, windows, roof/ceiling,
renewable energy, such as solar PV, solar water heaters and floor slabs.
orwind.

HEAT TRANSFER
THROUGH BUILDINGS: The heat transfer caused by wind or air

movement that causes heated air to move

from a warmer to a cooler surface;

el

‘ ‘ Heat transfer is the process of

34
thermal exchange between different systems, ‘]‘ 'r
where heat transfers frem the hotter system to Electromagnetic waves, primarily from the
the cooler systern. , , sun, that travel through the space. Heat

by radiation from the sun is transferred

through glazing and windows in the

building envelope.

Itis important to understand the mechanism of heat gains
and losses through the building envelope, to implement
modifications that achieve the required thermal conditions
with minimum use of energy resources.

22

Jordan is consecrated with great amount of ﬁ?——:f‘
solar energy that ranges between ¥
5-7kwh/m? of annual daily solar irradiance

with

330 sunny days per year.
This ranking is ameng the highest in the world and makes

Jordan an excellent platform for investment in solar energy
to meet the residential electricity demands [4].

Crude Oil (kt) Natural Gas (BCF)

2014 1 a6
2015 05 43
2016 04 41
2017 03 16
2018 1 33

Table 1: Domestic Production of Crude OIf and Natural Gas (2014-
2018). Source [1]

Most buildings are constructed with speed dissenting
environmental and contextual attributes and
transforming the look and feel of the city. This elevates
the need for essential transcribes to evaluate building
energy use and consumption, ensuring this rapid
expansion doesn't contribute to the energy crisis
esealating any further.

5000 1~
wons
40000 b=
s
I n/ n\
war
20000 [~
W COMPLETED DWELLINGS
B UCENSING OF EXJSTING
BLALDINGS
10000 1 1 1 1 1 L L J

2011 2012 W13 W14 2015 016 017 2018

Figure 6: Number of completed dwellings and annual
Hicenses for existing buildings.
Source: Department of Statigtics

Chapter 2

ENERGY IN BUILDINGS

Radiation

Figure 8 Heat Transfer in Buildings

PATTERNS OF ENERGY
CONSUMPTION IN
RESIDENTIAL BUILDINGS:

Energy consumption in buildings refers te the total amount
of energy used throughout the process from the production
of building materials and construction, till the occupancy by
inhabitants. Energy consumption in buildings is high and
keeps increasing due to industrialization, the improvement
of people’s living standards, and the rapid development of
construction.

ENERGY NEEDS
g[tllfrljﬁl;(\lgg IN BUILDINGS:
Buildings need energy through theirwhole

There is a growing concern about energy consumption in fife’ cycle, starting. from -consiretianiite
buildings due to their negative impact on natural resources Sccupancy, “anid demolition,  STiee the
and the environment.

anlage  of that ‘energy .’ is
med during occupancy; this:section

(Bl buildings account for around will address the fundamentals of energy

- and heat flow through buildings te design
congene: Dinduce energy efficient bulldings that consume
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3 40 =% i) less energy during their occupancy and

operation, Energy needs consist of internal

of Resaueces + of Energy Use + of the world's +afGlobal Carbon
B  Potable Water ¢ Emissions (3] gains, natural gains, and delivered energy as:
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WWEEET improving energy efficiency

in buildings is one of the most important
approaches to eliminate major global problems
and maintain natural resources.

illustrated in the diagram below:

Matural energy gains

ik gains

Figure &: Energy Flow in Buildings. Source: {10]

A.THE GROSS BUILDING ENERGY NEEDS:
The building energy needs represent the required energy to
keep occupants comfortable through:

L) K e -
U o & B s
Heating Ventilation  Air Lighting  Appliances  Water
conditioning pumping
The indoor dlimate requirements, outdoor dimatic
conditions and the building properties are parameters that
affect the energy needs of the building [10].

B. NATURAL ENERGY GAINS:

Natural energy gains include solar gains through the
building envelope. It is essential to control the access of
natural energy to buildings taking into account climatic
conditions, to control the amount of delivered energy
required by the building. In hot climates, solar heat gain can
increase the indoor temperatures and cause overheating.
Therefore, it should be controlled by design strategies such
as shading and natural ventilation. On the other hand, in
cold climates, natural heat gains can reduce the amount of
heating loads through strategies such as passive heating.
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ENERGY CONSERVATION is any behavior that results in and efficiency in the use of secondary
the use of less energy. It is the base of the energy pyramid energy such as electricity. Replacing
and can be achieved through behavioral and operational inefficient incandescent light bulbs with
practices by the occupants: such as unplugging your more efficient compact fluorescent bulbs:
computer or home appliances when they are not in use, or and replacing older model appliances
turning off the lights when you're not in the room. with newer, energy-efficient models are

examnples of energy efficiency.

ENERGY EFFICIENCY is using less energy to provide the

same service, Itis the foundation of sustainable energy‘asit ENERGY is energy that is
candeliver hugebenefits by lowering energy consumnption. collected from renewable resources, such:
Energy efficiency has two dimensions: efficiency in the as sunlight, wind, rain, tides, waves, and
use of primary energy such as natural gas and petroleum geothermal heat,

Tier3

When the system is modified touse
efficiency, loss renewable energy is
needed

Tier 2

Egﬁr:g{ Purchasing and installing efficient
¥ equipment and processes

Tier 1

Largely based on behavioral &
operational practices. Best return
on vestment

- ay
Conservation

Figure 12: The Energy Pyramid
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THE BUILDING ENERGY QUOTIENT BENCHMARKING STANDARDS

(BEQ™) LABELING SYSTEM: AROUND THEWORLD:

The BEQ rating established by ASHRAE, offers two ratings: Many countries develop Energy Use
one for new designs and one of existing buildings. It Intensity values for buildings to set targets
represents the ratio of energy use of the rated building to for designers and occupants to achieve
the median energy use of its building type. Energy use in in their buildings and understand energy
the index is expressed as source energy EUI, or source Btus use patterns, EUl values are important to
per square foot per year, assess energy performance and understand

the consumption in different countries.

The best energy performance on the BEQis Net Zero Energ Although these values cannot be compared

The median of building performance in different countries and climatic zones,
for that building type is set at 100, whereas any score of they are mentioned below for referencing.

125 or greater is considered poor (Figure 14).

Figure 15: Household energy consumption for
space heating per kWh/m2/year

mapsidavizinit-consumption-of-space-haat-
Ing#tab-googlechartia chart_ 11

 Chapter 3

Improving the building envelope and thermal properties
is an essential factor to reduce energy consumption. The
table below represents values of a typical single-family
house with different thermal properties and insulation,
which leads to different benchmarks of heating and
cooling loads. Passive houses with the tightest envelopes
and strict thermal properties require values less than 15
kWh/m2 year.

Completely | Insufficlent
Insufficient | Thermal

Thermal Insulation
Insulation

Heating  270-230 185-140 80-55  Less

(kWh/ than 15
mi/year)

Cooling  30-20 15-10 105 Less
(kWh/m?* than5
year)

Figure 16: Heating and Coaling Energy Demands of a Typical Sin-
gle-Family House
Source: ISOVER (2008). Multi Comfort House, Energy Efficient Living

r Chapter 4 l

ENERGY CONSUMPTION
SURVEY FOR RESIDENTIAL
APARTMENTS IN AMMAN

Qvens

of the respondents

48.3%

are aware of energy
b= _ |
288

7 efficient appliances
times a week for cooking PP

N e own an energy labeled fridge

& Twice & Voek ;
' L33 than Orice 8 Week 15128 due he high energy prices and

their direct economic benefits on

anergy savings.

_n;‘. The amount of gas cylinders used - sonssvvamENaRe
' for cooking per year is more than Ownership of Kitchen Appliances
o e -
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Almost all occupants own at least ene fridge, and 25.53%

have two fridges.
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:i ? -~ Eanergy Saver)
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Itis tial to develop an energy benchmark to understand
energy use in buildings offering opportunities for energy
savings through design parameters and behavioral pattems.
The most common methods to estimate energy use patterns
in buildings and establish a benchmark are linear regression
models, neural networks and surveys (52).

This booklet will display the results of a survey that gathered
information about physical characteristics and energy use in
residential apartments in Amman. The outcomes of which

willhelp derivea benchmark for Energy Use Intensity (EUI)

ENERGY CONSUMPTION
SURVEY FOR RESIDENTIAL
APARTMENTS

The survey was distributed electronically through email
and mobile applications to people living in residential
apartments in Amman. The total number of respondents
were 400, with a response rate of 90%. The survey
contained 50 questions that varied in type from open
ended questions to multiple choice, and Likert scale type
questions depending on the required data. The questions
were listed under 6 categories; household characteristics,
building characteristic, heating and cooling characteristics,
kitchen appliances, other appliances, and lighting as
displayed in the figure.

Regarding washing machines and laundry loads,

70.23% of the respondents own an energy
J labeled clothes washer.

Laundry Loads
Half of the respondents wash their clothes 2-4 times a week
while 27.31% use their clothes washer 5-9 times per week.

tload or Lets
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Clothes Dryers

Clothes dryers are not common in residential apartments
and are only owned by 32.7% of the respondents whom
mostly use it 1-3 hours weekly.

Availability of s of Usage/ Week
Clothes Dryer
Vot
i o
2 P
Yot 3271%
X -_ e 3 R
1015 [ ]
P R

The population in Jordan
increased from

SOURCES OF ENERGY
IN JORDAN:
The ) is developi

and prospecting local domestic energy
generation sources, however, they are still
inadequete and are unable to satisfy the
current demand.

Thelocal
resources of energy used
jor domestic production are:
3 0 v
c""l"’ MNatural Renewable
o gas. energy

Chapter 11 JORDAN ENERGY PROFILE 9

ENERGY IMPORTS:

Natural gas was the main source of generating
electricity in Jordan. However, the huge drop
in natural gas supply due to the redundancy
and explosion of the gas pipes from Egypt
needed to be replaced by crude oil.

This replacement caused 82.2%
asignificantincrease in I in2011

fuel oil consumption T

escalating the weight of
oil share in the energy mix
from

64.9%
in2010

In 2018, these values decreased
35%
Theshareof : Maturalgas  in 2018
crude oil : percentage
dropped i increased  gm t
to 54% ¢ from 11%

in 2013
Although no quantities of natural gas
‘were imported from Egypt in 2017, LNG
industries imported quantities by Floating
Storage and Regasification Unit (FSRU)
(Table 2).

Chapter | | JORDAN ENERGY PROFILE 11

ENERGY IN RESIDENTIAL
BUILDINGS IN JORDAN

Buildings are part of the problem
Bulldings can become part of the solution

Residential buildings consume energy
through their life cycle; including:
planning, design, construction, and
mostly in the building operation and
maintenance,

Residential buildings are major

consumers of energy in Jordan consuming

of the of the

total ) electricity
energy A5 consumption

share in201801,

nt of electricity generated in 2017

d 20760 GWh with a growth of 7%
comparing’ with. 2016, while the ity
consumed forthe same period reached 17574
GWh recerding a growth of 5% approximately
comparing with 2016 [1]. The demand ‘for
electricity has increased in the hou: d
sector due to the increased population; high
temperatures in summer, and the expansion

in using air conditioning units.

Chapter 11 JORDAN ENERGY PROFILE 17
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Residential Buildings
consume about
;D

in Amman [12]

whichmakesit essential to consider patterns
of energy use as part of energy targets and
savings. Energy uses in residential buildings
are divided into seven main categories. as
illustrated below:

i <& 8

SpaceHeating  Space Cooling  Water Heating

sz D

e’

@-

Watet Pumbing Lighting Cooking

&

gy
Appliances

Figure 9: Patterns of energy consumption in hamies

0523

C.INTERNAL HEAT GAINS:
Internal heat is the thermal energy from:

P

People Lighting Appliances

that give off heat to the indoor
environment. Heat gain from people
depends on multiple wvariables such
as metabolic activity, age and gender.
Similarly, lighting and appliances produce
heat according to their quantity and
efficiency. Internal heat gains need to
be calculated because they can raise
the indoor temperatures and require
additional cooling loads in hot climates.

Walking

1S0W/m*

Figure 7: Occupancy heat gains according to their
activity. Source: (11}

Chapter 21 1

ENERGY BENCHMARKING

Mﬁnﬁl‘%!;!}

Chapter 31 ENERGY BENCHMARKING 35

/| A Net Zero Energy bullding
f (NZEB) is a building with zero

net energy consumption

The total amount of energy used by

Net Zero Energy building annually i
equal to theamount of renewable ene
generated by the building. NZEB is the
ideal case'wi the “net”EUl s ze

Advancing Net Zero isa long-term global
project initiated by the World Green
Building Council. It aims to promote
and support the acceleration of net zero
carbon buildings. Several organizations
in different countries have signed a
commitment te' join this project by
prometing the practices and regulations

that will support the NZ concept.

n GBC has joined this g
mavementin a hope to create
step 10! a more sustainable built
environment in Jordan. This will improve
hen
en economy concept and ‘create

al opportunities in the leading sector:

Chapter 2 | ENERGY IN BUILDINGS 43

GENERAL ENERGY
CHARATERISTICS CONSUMPTION

SPACE HEATING

'WATER HEATING!

LIGHTING

GENERAL
CHARACTERISTICS

The survey consisted of information about

the respondents in terms of:

Age Gender Number of Occupancy
Occupants  Hours

Chapter 4 | Energy Consumption Survey for Residential Apartments in Amman 45

Ownership of Electrical Appliances

VD Payer
- . -\
9.86% 28.17%
Hoeme Thetre S liptp Deciop Complter
3.4
Vatusn HalrDiyer  Mobde Phone

Other: 21.78%

Energy Use Distribution from Electrical
Appliances in Residential Apartments

Washing Maching Ensray

Washion Madbine ool g g Gl Orye!

Mabile Fhone 1 %qg

Halr Deyer —,

Chaprer 4 | Energy C

#

the energy consumption because of the spread of energy These values set the scene for energy
saving ACs. use patterns and the consumption of

each sector in residential apartments.
Heating domestic water accounts for 10% of the total The EUl calculated acts as a base case
energy consumption while electrical appliances consume representing the current situation of
13% ofthe total. Finally, lighting accounts for 3% of the total energy consumption. Implementing active
kWh annually in households which is a small percentage and passive strategies, improving the
duie to the wide spread of energy efficient light bulbs. building envelope, and adopting energy

efficient measures in  appliances and
systems to qualify as a Net Zero Energy:
Building can result with an EUI value equal
VT — g e ool 1650 kWh/mZ.a [52]. The energy benchmark
et is essential for designers, governmental
) institutions  and  decision makers’ to
implement public awareness on behavioral
changes and energy efficiency measures to

reduce energy consumption in households.
This information should be provided for
oy building owners and occupants to better

understand their buildings and the effect
) of their behavior on energy consumption,
Figure 18: Energy Consumption in Residential Apartments hy 3 ok g

encouraging them fo save energy and

enhance EUl values.

58

r Chapter 5

Choapter 51 100 DESIGN STRATEGIES TO IMPROVE ENERGY EFFICIENCY IN HOMES - 59

TO VIEW THE FULL BOOKLET

Survey for 12 in Amman 51

100 DESIGN STRATEGIES

TO IMPROVE ENERGY EFFICIENCY IN HOMES
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On a 4 continuous years, Jordan Green Building Council (GBC) and Friedrich-Ebert Stiftung
(FES) Launched 4 Booklets, the first of it's kind in the middle east, organised under the
patronage of the Ministers of Environment and Energy and Mineral Resources. The guides

compiles the best strategies to create a significant step towards a more sustainable built

environment by implementing the concept of NetZero Buildings and Green Buildings in the

residential sector in Jordan. The challenge was to convert all text and data into attractive visuals

that target local practitioners including engineers, contractors, and people working in the

governmental and non-governmental organizations, as well as the general public.

m JORDAN GBC
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Jordan Green Building Council
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