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ABSTRACT

Environmental threats of: [Climate changes, Green House gasses (GHG) emissions, and Economic
crisis] led to paradigm shift towards renewable clean Energy, which becomes a major strategy.
Egypt taking steps by raising its potentials of Renewable energies production from (2%) in 2010
aiming to be (53%) of electricity from Renewables by 2035, basically depends on development in
Solar Energy. Photovoltaics (PV) applications become a major approach for Solar Energy
utilization on: (buildings “Rooftop” and Fagades) through two major systems: [Building Applied
Photovoltaics (BAPV), and Building Integrated Photovoltaics (BIPV)]. Applications of (PV) in
buildings have great double impacts; Active: of Clean Energy production, and Passive: duo to
shading, thermal Insulation and time lag effects.

Research aims to Optimize (PV) applications on: [“Rooftop” and Facades] to get visible Efficient
Operation according to parameters: [Tilt angel — Orientation — Type of applications], thus to
propose a reliable Matrix, that can help: [Architects— (PV) Developers] in decision making of the
most Prior of (PV) applications. Depending on Research Methodology, and by aid of reliable (1T)
Simulation tools used (“PVSYST” — “Energy +”), then Validated Results by records of
Experimental (PV) Station, found that; Optimizing the application of (PV) Panels on standard
educational building “Rooftop”; can save more than (37 %) of conventional annual Energy
consumptions. Otherwise, optimizing the whole application of (PV) Panels on both:[“Rooftop” and
(South, East, and West facades respectively)] can save more than (81%) of “Base-Case” Energy
consumptions, which approaches to be a Zero Net Energy educational Building (ZNB), by clear
energy source.

KEYWORDS: Solar Energy — (PV)”Rooftop”— Building Integrated Photovoltaics (BIPV) — (PV)
Simulation — (PV)Optimization —Tilt angel — Orientation — Shading — Thermal insulation —Time
Lag
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1. INTRODUCTION

The global paradigm shift towards Renewable / Clean Energy sources, become a major
strategic plan for both: advanced and developing countries to more sustainable energy management
[2]. The world Environmental threats such as: [Climate changes, Green House gasses (GHG)
emissions, Global warming, furthermore the world Economic crisis] become a driving force to a rapid
transition from conventional fossil resources to clean/Renewable energy sources to save the rest of our
environment.

In Egypt, after three years of instability of Political /Economic conditions followed 2011
Egyptian revolution with shortage of most of all energy sources; especially in Electricity and Fuel
supplies. Egypt began a new reform program within a new Integrated Sustainable Strategic
development plan; “Egypt Vision 2030 [3]. In2015, the Ministry of Electricity and Renewable Energy
(MERE) created an ambitious plan by Integrated Sustainable Energy Strategy (ISES) to year 2035, to
ensure the stability and security of the energy supply through two major axis by:

» Raising the national grid Energy Efficiency by: [Construction of new power plants,

Enhancement/maintain of existing power plants], and decreasing CO2 emissions from burning

fossil fuels [4].

= Increasing the share of Renewable Energy production from: [(2%) to (20%) by 2022, and reach

(42%) of total production by 2035], in addition to first Nuclear energy production from nuclear

power plant in “El-Dabaa” with a capacity of (4,800 MW) is completed [1].

According to new Renewable energy law issued in 2014, called “Feed in-Tariff” (FiT), thus
regulates Renewable Energy prices by the Egyptian government for the energy injected to national
grid from Private sector, Renewable developers and Investors at attractive tariff [5].Solar Energy
considers one of the most common and “Eco-friendly” Renewable energies with no-exhausts and
harmful emissions, furthermore quick and continuous development of (PV) systems in [Technologies
—Types— Components]. Egypt has very good potentials for solar Energy production due to many
reasons such as: sunny weather along year with average: (2,000: 3,000 kWh/m?/year) of direct solar
radiation, which considers the second-highest solar energy generator in Africa after South Africa,
while it is the thirty-first worldwide according to Solar Atlas, and sun shines (9-11 hours) a day from
North to South, with few cloudy days [6].

A solar photovoltaic (PV) system is an electrical installation that converts solar energy into
electricity. This system can be Applied/Attached (BAPV) or even mounted on the building envelope:
[even integrated into “Rooftop”/Facade structure as (BIPV)] to produce energy, which can provide the
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building by its own energy consumption requirements, or in certain situations, feedback energy into
the electrical grid, furthermore the passive impact of “Rooftop” shading and fagades thermal, sound
insulation [7].

Energy consumptions by building and construction sector exceeds (45%) of total world energy
productions, which considers one of major causes of environmental pollution [8]; So as to, it worth to
be adapted to be more energy efficient in consumption, addition to a rapid transition to renewable
energy resources not only as a Clear energy dependent, but also as a Clear energy producers - as well
as to be Zero Net Energy Buildings (ZNE).

By reviewing many of previous researches and studies of (PV) applications in buildings we can
conclude them in three major lines:-
= Most: Devolve/Improve of physical/chemical characteristics of (PV) inner cells and types
= Moderate: Innovate/developed/monitor the impeded (PV) systems within building construction
and finishing systems as (BIPV) and its impact.
= Rarely: Optimizing the applications of (PV) from energy efficiency point of view- mostly in

residential buildings, but less than in public /commercial/even Industrial ones [13].

So as to, the research hope to be a useful guide-line to Optimize (PV) applications in very
important/vital building sector, not only for its Economic impact as a clear energy production, but also
for both: Environmental impact of lowering energy consumptions, gas emissions, and important Social
impact of conceptual transition towards renewable energies and sustainable applications through
young students and new generations.

1.1 Research Problem

Research Problem has many Major/vital roots can be concluded as follows:-

= Environmental: Clean/Renewable Energy become an urgent demand worldwide than fossil
fuel with more rising of gas emissions, global warming problems, then rapid rates of climate
change.

= Educational buildings (University campuses/Colleges — Schools — Educational centers) nears
to (18%) of buildings stock [9], come next to residential and industrial ones and have services
labors, which can be adapted in (PV) operation more than small and individual residential
buildings; thus can be more passively enhanced, if there is a guide-line strategy/plan to be
applied in new and retrofit buildings.

= Economic: Huge and fast demand on Energy by construction and building sector, then rapid
jumps in Energy/Electricity prices, that becomes a heavy economic burden on both:
(Individual and educational institutions) of our developed country, which can be reduced and
adapted depending on Renewable/Clear energy sources [5].

= Social: Support the daily culture/concept of Renewable Energy dependent, by real (PV)
building application, thus spreading a (ZNE) culture among students.

1.2 Research Goals

The main goal of research is to “Optimize the application of (PV) on Educational buildings

“Rooftop” and Facades”; to get the most (Adapted/Visible) Clean Energy production/Efficiency,

by optimizing (PV) parameters such as: [Tilt angel — Orientation — Type of applications],thus

enhance building Energy Efficiency, the next associated goals:-

= Propose a Guide-line/Matrix to support [(PV) Developers/ Manufacturers — Educational
establishments’ managers — even Researchers] on their decision making about (PV)
application in standard Educational buildings.
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= Get Prior application of (PV) panels in building Envelope elements: (“Rooftop” — Facade)
according to (Benefit-Energy production/saving) analysis in a comparative with
conventional/traditional “Base-Case” consumptions.

= Monitoring the recent Egyptian Renewable Energy plan, especially solar one.

= Differentiate between (BAPV) as a retrofit approach, and (BIPV) as a newly construction
strategy towards (ZNE) buildings.

1.3 Method and Technical Aids

Experimental & Real Validation Records Digital Simulation Aids &Tools
Real Records of Records of
Actual average Electricity Real (PV)
Consumptions Records Mini station
Results of Energy Consumed/ Injected Results of Energy Produced/Injected/Saved
(Monthly /Annual) from Real Experiments | i (Monthly /Annual) from simulations

(Fig.1) — Research Technical Aids used, and Experimental Validation, [Ref., Author].

The application approach of the research depends upon two complementary lines, (Fig. 1):-

= Aid of reliable, popular and accurate simulation tools for (PV) application on building
envelope as a “Case-study” with (PV.SYST-Ver.7.0.16) to optimize (PV) parameters such as:
[Tilt angel — Orientation — Type of applications], and another tool (Design builder-
V6.1.8.021) linked to (Energy Plus engine) for building Energy consumptions as a “Base-
Case” to be compared.

= Validation of simulation results depending by real Records of existing Experimental (PV)
Mini-station in site, and annual Energy produced/ consumed.

1.4 Research Methodology
As shown in (Fig. 2) Research methodology compromises between:-
= Theoretical approach: this covers the literature review of both:

- Egyptian Renewable Energy current situation and its strategic plan till 2030 focusing on
Solar Energy production evolving rates.

- Main Strategies/approaches of (PV) applications in architecture and building sector such
as :( BAPV), (BIPV) systems and their field of applications.

= Application approach: using both credited (IT) tools such as: (PV.SYST) and (Design
Builder) on “Case-Study” and ”Base-Case” models for a real existing standard educational
building; to get optimum parameters of (PV) application on “Rooftop” and Fagades.
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Theoretical Approach

~

Introduction:
- Problem
- Goals
- Technical Aids

- Methodology

Literature Review

[ Egypt Renewable

Energy Situation:

- Photovoltaic’s (PV) &
Solar Energy
Production Situation.

- Building Energy
Consumption [By
building Sector/type].

(CETEEE TR
Photovoltaic’s Building
application systems:

- (BAPV)

(BIPV)

-

[By aid of (IT) applications validated by real (PV) Experimental station]

Practical Approach
“Case-Study” Simulation Methodology/ Scenarios

To get
:  Total Conventional
i\ Energy Consumptions
i (Monthly / Yearly)

In three cases:-

Rooftop (PV)
Simulation Parameters

| - “Base-Case”. : {Tilt el(s): |
i - (PV)Rooftop appl. | i - 15° }
i - (PV)Facade appl. | i

Simulation Procedures
/Scenarios

[Validated results of
g simulation with Real ' |
i /Actualaverage Monthly | _____ ~--------
i Electricity consumptions
¢ Records]

! Orientations):
¢ - South 1
- East

[Validated by Real Ci / Gained energy

» Optimizing tion Matrix of both: Roof-top (PV) & (BIPV) Fagade(s) applications
Apﬂlcaﬂons in (Low &Mid-rise) Educational buildings in Cairo & Delta Climatic Zone- Egypt
i readings with Integrated Real Roof Top PV module]
» Evaluate Vlslblllty of the Energy Saved/ add Ratios (%) Produced/Injected to the grid

(Fig. 2) — Research Methodology Chart, [Ref., Author].

2. EGYPT’S PLAN TO RENEWABLE ENERGY TRANSITION [CURRENT-VISION]

Egypt considered the second highest renewable energy capacity in Africa after South Africa,
with the potential up to (4,813.0 MW) of electricity from renewable Energy sources such as: solar
energy, water and wind [5].

In 2015, the Ministry of Electricity and Renewable Energy (MERE) created ambitious plan by
Integrated Sustainable Energy Strategy (ISES) to year 2035, compromised with The Sustainable
Development Strategy “Egypt Vision 2030” to ensure the stability and security of the energy supply
through two major axis - First: raising Energy efficiency of production by maintenance and
rehabilitation programs in the power sector, Second: targets to increase the share of renewable energy
in the energy mix to (20%) by end of 2022 to reach (42%) of total generating by 2035 with the
engagement of all sectors,(Fig.3).In addition to plans on nuclear power generation to contribute to the
electricity mix with (3%) by the same target year; from first nuclear power plant in EI-Dabaa (with a
capacity of 4,800 MW) is completed [3].

Thermal Power Plants
80 %

@ Fossil Fuel

(@) Energy produced 2020 ( by source)

Renewable energy
20 %

@ Renewable energy

Nuclear Energy 3%

iy

Thermal Power Plants{ Renewable energy
55 % %

@ Thermal Power @ Renewable energy @ Nuclear Energy
®r @ Wind Plants

-----------------------

60% of
Clear
Energy

--------------

@ @ Wind

(b) Estimated Energy to produced 2035 ( by source)

(Fig.3) - Energy production by source (a) 2020,(b) Future estimation(2035 ),[Ref.[5], adapted by Author]
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Under these targets, solar energy would feed up (22%) of the total generated electricity, wind
(14%) and hydropower (2%). Most of this capacity is expected to be delivered by both: government
and private sector. According to the International Renewable Energy Agency (IRENA) predicted that
Egypt could supply about (53%) of its electricity using renewable energy by 2030 [1]. All previous
international and local statistics, reports and indicators, mentioned that: solar energy will be the major
renewable source to be developed now and in the future.

2.1 Photovoltaics (PV) & Solar Energy Production Situation

The converting energy process from sunlight into electricity is called solar energy. It can be

done directly by PhotoVoltaics (PV), to feed-up this energy to the electrical national grid it called
“Electrify” solar energy through (PV).
According to Egypt Solar Atlas,(Fig.4-a) Egypt has the highest daily typical irradiance values in
Northern Africa, averaging from (2000 to 3200 kWh/m2/y) with average sunshine of (9 —11 h/d) and
a total sunshine duration of up to (4,000 hours) [6]. According to (MERE), the solar energy generation
capacities could be extended further (3500 MW) by 2027.In 2022, solar energy in contributed by (2%)
of the produced electricity making Egypt is the second-highest solar energy generator in Africa after
South Africa, and the thirty-first worldwide rank [1], and predicted as (ISES 2035 plan) to reach
(22:26%) of total energy production and to be the first of renewable energy production.

e e |

e S
) S Mediteranean Sea
LAle andﬁa,f; Port said f ( ) s Ty . = B
2o ‘ = i d ] Y

i Bairo “slea
~

E sol Energy
B cPeneny
m average of DNI, period from 1994 (1999 in the Northeast) to 2018 Wind En.

Long term . 3 W0k ind Energy 7

5. 56 6.0 6.4 6.8 72 76 X E-mobiity {;)
.. KWh/m* 7

24 2629 2775

Yearly totals: 1899 2045 2191 2337 83 Z/‘ - e e S - 1
(a) Egypt Solar Atlas and direct normal radiation details (b) Renewable Energy sites in Egypt (Present/Futuristic)
(Fig.4) — Renewable Energy Potentials in Egypt, Ref.[6]

Egypt’s first solar power plant opened in 2011 in “Kureimat” with a total capacity of (140
MW). In 2019, operations started at “Benban” Solar Park, the largest grid-connected solar installation
in the world with a total capacity of (1.8 GW.) Located in the Western Desert near Aswan, the overall
global capacity of solar energy utilization has reached (177 GW), marking another record year of
expansion with (42 GW) of new capacity in 2022, next Renewal Energy map shows the current and
future potential of Renewals projects and locations, as in (Fig. 4-b).

2.2 Building Energy Consumption [By building type/Sector]

According to reports and statistics of (MERE), and International Energy Agency (IEA) for
yearly energy consumptions (by building sectors and types), we can note that, both business and
industrial buildings consumes more than (55%) of total electricity production [11], as in (Fig. 5).

So as to, these building sectors have a prior by focusing to apply a clear strategy to implement (PV)
optimal application in such building types (by retrofitting the existing or by design integration in new
ones); for sure will impact a good revenue not only by reduction energy cost paid, but also by reduction
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dependent of fossil production and gas emissions then, become a strategic shift plan towards Zero Net
Energy Building (ZNE) concept, depending on the following major reasons of such building nature of
design and operation:-
- Horizontal building type with extended roof area (suitable for (PV) roof panels’ application).
- Availability of cleaning and maintenance of (PV) system, which can be integrated within these
building types service plan with-out additional labor cost.
100 0,3%

30%

Industry

(

4,9%
Agriculture 39,2%

= 5 o= S D S D I I = T T S A
WS F B ST AT A AT A T ST ST S ST S
Coal m Oil o Gas Primary Electricity™ Biomass

a)- Energy consumption (21/22) (By source types)  (b)-Electrical energy consumption (21/22) (By building types)
(Fig.5) — Global Electrical Energy consumptions ( By source & building types), [Ref.[10], adapted by author]

3. (PV) APPLICATIONS IN ARCHITECTURE/ BUILDINGS [Concept —
Classification — Suitability]

As mentioned above Solar Energy considers one of the most ambitious and booming of
renewable energies not only for worldwide, but specifically for developed countries which have a very
good solar irradiance like Egypt. Thus, transfer of photovoltaics (PV) applications into building design
and construction industry become an innovation of design and basics of environmental design
strategies. It is much more than an energy-converting solution: it represents a major aspect in
architectural design aesthetics and building technology [7].

Many experimental tests, researches have been proceeded to develop (PV) module to improve
efficiency, stability and cost reduction of crystalline silicon (SC-i) (PV) module such as both: multi
and mono-Crystalline have large market share because of their high efficiency thus, applied widely in
“Rooftop” applications (Fig.6.a, b) [13].But, the high efficiency performance usually connected by
high cost even, many developed researches has been made for the cost reduction. Although, Other
(PV) module like amorphous silicon has low performance and efficiency level, but offer flexibility in
usage because of thin (PV) film modules which makes them more suitable, and good architectural
attractive appearance for facade applications [14].

8% B B |

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

\

@ Rools Glass Walls Facade @ Others
- Crystalline Silicon Thin Film Others

(a)-Current/Expected (PV)Building application investment (b)-Global view of Building (PV) application
(Investment By (PV) Type and Technology) (Market Share % By envelope applications)

(Fig.6 a, b) — Global market potentials of (PV) application in Building, [Ref.[18].
A solar photovoltaic (PV) system application in buildings can be implemented in pre-design and
building construction systems or post-applied/attached to existing buildings to improve their energy
efficiency and sustainable performance by many strategies/techniques, then fed back electricity into
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the local electrical grid. Generally, most of researches and studies classified (PV) applications on
buildings as: Existing and new buildings according to the way of (PV) installation and construction in
the building (Fig. 7), then (PV) application is categorized into two main systems (BAPV) and (BIPV)
[7], as follows:-

(Fig. 7),

Classification Concept of
(PV) application in
Building, as
(BAPV & BIPV)

[Ref. [19],
Adapted by authorl].

@

BIPV BAPV

3.1 BAPV System (Concept— Advantages — Negatives)

Building Applied/Attached Photovoltaics (BAPV), where the (PV) Panels/modules are attached
directly to the existing building envelope using an additional mounting / adaptable structure [15]. Thus,
the (PV) modules are installed at specific tilt angle and orientation either on Rooftop or Facade as:
[(BAPV) wall in horizontal/vertical arrangement or (BAPV) flat/curved/ slopped roof], (Fig.8), [16]
.The architect/designer should to consider the local weather conditions/of the context. One of the most
positives of this system it is the most strategic/suitable approach for Retrofitting of the existing
building from environmental and Energy Efficiency upgrading point of view with little modifications,
the negatives of this system can conclude as follows:-

= Additional loads on “Rooftop”
and Facade must be calculated/
notable before application.

= Need Architectural redesign
(Especially in Facade) to be
architecturally accepted addition.

= Study of ventilation system for
air-gap between (PV) modules
and building envelope.

= Need a pre-study of clean and
maintenance procedures to the
system to be applied.

= Local macro / micro
climate/weather ~ should  be
studied and simulated specifically
before (PV) system installation.

Flat/Tilted (PV) “Rooftop”
[(BAPV) & (BIPV)]

Flat/Tilted (P V) “Skylight”
& Shades [(BIPV)]

Curtain wall Facade
[(BIPV)]

NN
- --
-

SN

Parapet &Balustrade
[(BIPV)]

A
Teew
“ww
-
-

R—
\ v

“Rooftop” Flat/Tilted
(PV) panels [(BAPYV)]

Opaque Facades
[(BAPV) & (BIPV)]

(Fig. 8) — (PV) applications in building Envelope elements,
Classified as (BAPV) & (BIPV), [Ref. [19] Adapted by author].

217 JAUES, 19, 70, 2024



TOWARDS OPTIMIZING (BAPV) AND (BIPV) APPLICATIONS IN EDUCATIONAL BUILSINGS IN EGYPT
[By aid of (IT) applications validated by real (PV) Experimental station]

3.2 BIPV System (Types — Advantages — Negatives)

Building Integrated Photovoltaics (BIPV), here (PV) modules are integrated and implemented within
the building envelope structures and can be applied on (Roof — Fagade —Fenestration— Shading devices
— balustrades— ...), Such integrations can be referred to as (BIPV facades, BIPV-Rooftop, BIPV
window- ...etc.) [15] , as shown in (Fig. 9).
Hence, the (PV) modules will replace/implement within the conventional construction building
materials used for (the roof/atriums - walls - windows -...) by (BIPV) products/materials. This includes
the (PV) modules in the form of transparent/semi-transparent glass. Thus, in (BIPV) system
applications the architect/designer must consider the following assumptions in his earlier design stages
to get the maximum and optimum benefits of (BIPV) application in his building:-

= Environmental / Solar passive design calculations.

= Local weather/site conditions and site context.

= Architectural Design language, compromises with (BIPV) systems / materials available.
There for, (BIPV) application is most suitable/cost benefit for both: New “Eco-friendly” or
“Sustainable Urban and building design. Generally, (BIPV) or (BAPV) systems generate electricity
which is relatively free from greenhouse gas emission during the operational phase with no additional
land spaces requirements. Hence, the optimizing of (PV) application for buildings as (BAPV) or/and
(BIPV) is very recommended approach.

| Flat roofs I

I

“EXTERNAL
ELEMENTS”

| Sun devices/Shades | Parape t/balus trades I
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4. EDUCATIONAL BUILDINGS IN EGYPT: AT A GLANCE

As mentioned above in section (2. 2), Public and commercial buildings consumes more than
(28%) of Energy/Electricity produced next to residential ones (more 40%), of this sector - Educational
buildings [University campuses/Colleges — Schools — Educational centers —....] nears to (18%) of all
buildings stock [9], thus deserve to be discussed as suitable/visible field of (PV) architectural
applications, due to many strategic reason such as:-

= Repetition all over country: with variant climatic zones.
» Rapid increasing yearly: considers a growing positive clear energy field as a function of
population.
= Social Impact: as a real application of Renewable energy which spreads a sustainable and solar
energy culture in its urban community through daily public use.
Responsibility for formal governmental Educational buildings in Egypt can be classified into two
major authorities according to both educational degrees as follows, (Fig. 10):-

(UECC)
University Engineering Consultant Centers
(For each university)
For: [University planning — Faculties &Institutes]

(GAEB)
The General Authority for Educational Buildings
For: [Preschools — Schools]

(Fig. 10) — Responsibility for (Design — Construction — Maintenance) for Educational buildings in Egypt,[By Author]

= [GAEB]: The General Authority for Educational Buildings, which established on 1988, to be
responsible for (design- construction — maintenance) of all governmental schools in Egypt with
all degrees and types [20].

(GAEB) stated some basic and necessary goals in developing school buildings, which encompasses
all elements necessary for the educational operation, such as:(athletic- entertaining - cultural
activities), taking in consideration application of the functional and environmental criteria resulting
from the urban and characteristics climatic zones; by divided Egypt into eight climatic zones, to be
considered in design, even private sector (National /Language/International) school designs must be
approved from(GAEB), which released a comprehensive design guide lines/standards and invited
architects in several architectural competitions to develop proper/contemporary design proposals.

= [UECC]: University Engineering Consulting Centers, depending on experiences of staff of
faculty of engineering in each university, as a comprehensive consultancy house, to be
responsible for (design— supervision — maintenance) of all university& academic buildings.

Educational buildings haven’t only a vital role in supporting Renewable and Clear energy transition
process, but also have a social responsibility towards sustainable development integration with-in their
building’s operations (new and retrofitted ones) [12], then Solar energy through (PV) building
applications have a good approach and prior for many reasons such as:-

= Standard educational building North orientation: [Pre-oriented with (North +/- 25° east /west
inclination), Thus long facades oriented for North natural lighting requirements].

= Mid-rise building (3:5) typical floors: which suitable ratio of floors number vs floor area).
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= Modulated facades: repeated openings and opaque walls (classes, Labs. & lecture halls (which
can be adapted with (PV) wall panels modules with fagade design).

= Standard and suitable roof area: educational plan ratio of (1 Width: 2~2.5 Length).

= Existing service labors: for continuous maintenance cleaning (PV) panels array (already
existing technical /clean labors as regular in building).

The two main streams for educational buildings in Egypt developed and produced multiple design
models/configurations according to (Site planning — North orientation — Building articulations—
Functional usage —...), which can be classified, [21] as shown (Fig.11, a: f).

= e

T-shape

(c) Finger Type: (single /Double loaded corridor) (d) Central /Radial Type: (single /Double loaded corridor)

Caombination of

Somsdecty sus' bbbl
two-sidediy located
premises
(e) Court Type: (single /Double loaded corridor) (f) Compacted Type: (single /Double loaded corridor)

(Fig. 11:a, b, ¢, d, e & f) — Educational Buildings: Site Combination Prototypes/Maodels, [Ref.[21] adapted by author.
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5. “CASE STUDY” AND SIMULAION MODEL(S)

According to previous studies and state-of- the-art of (BAPV & BIPV) building type’s priority
of application, research applies the “Case-study” on educational building for many reasons such as:-

= Standard and suitable roof area: educational plan ratio of (1 Width: 2~2.5 Length).

= Mid-rise building: (3:5 typical floors).

= Modulated facades: repeated openings and opaque walls: classes, Labs. & lecture halls.
= Standard educational building orientation: with (North/South) Long facades oriented.

= Existing service labors for continuous maintenance cleaning (PV) panels array.

= Real application of Renewable energy & spreading a (ZNE) culture among students.

B

% [EEE bES)
s HE
*e

] |

o
i | ||
L

L

"

2n0. FLOOR PLAN

(Fig. 12 (a) — “Case-Study” Building: (South Fagade, Ground and 2™. Floor plans), [Shoots &Drawings by Author]

Research selects “a case-study” of an educational building located in “Benha - faculty of engineering”
campus - Benah University, Benha- Greater Cairo region-Egypt, which composes of simple standard
rectangular “Linear plan” with (60.0m L x26.0m W) consists of: [a ground floor (workshops and
storages) + Three upper floor levels (Lecture/Drawing halls, Laboratories, Class rooms and offices) +
Flat concrete rooftop (with total height 16.0m)],(Figs.12 a, b).

N e | b1
1 A A A A
|

\ | EAST FACADE
(Fig. 10 (b ) — “Case-Study”: (PV) Panels module application on (South & East) Fagades , [Drawings by Author]

‘ SOUTH| FACADE | | ‘
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5.1 Validation of (PV.SYST) by Experimental Solar (PV) Station in same site

Firstly, the research Validated simulation results of (PVSYST) simulation tool used to be reliable by
compare the actual records of an existing small (PV) station lies-in another small building Rooftop
suited nearby to the “Case-Study” building (Figs.13), and then get the produced energy records
injected to grid (Monthly and annually), then divided by (PV) panel unit area - to get the Actual /real
equivalent amount of energy produced per panel for the roof as follows:-

» Simulation of virtual (PV) Station on the rooftop of “Case-Study” building.

= Simulation parameters as same Real conditions such as: [PV type: “Mono-Crystalline” — Tilt

Angel — Panels orientation — Building Height — Climate conditions].

= Compare the simulated Results by Actual Records to get the factor of simulation accuracy

= Precede simulations scenarios to get optimizing Matrix of (PV) applications in educational
buildings.

(PV) Panels Modules on Sided/ nearby building Roof (PV) Panels Position Consedring shading angels

r_-
k

“Case-Study” building Roof (PV) Grid Inverter Readings Panels Tilt angel (0) controler
(Fig.13) — Site observation & (PV) Station Lab. Actual Readings Records,[ All real Shoots & Records taken by Author]

5.2 Simulation Methodology of the “Case-study”

Simulation Methodology of a “Case-study” shown in (Fig.14) depends on three major scenarios:-

= Optimizing the application of (PV) Roof-top orientation: [South — East— West].

= Optimizing the application of (PV) Roof-top Tilt angel: [15°—20°— 26 ©— 30° — 35°].

= Optimizing the application of (PV) Facade orientation: [South — East— West].
By these sub-sequent procedures:

» Compute the Energy Consumption of “Base-Case” building Model by “Design Builder”

simulation tool and validated by real annual Energy Consumption.
Test Validation of used simulation tool (PVSYST) by Real/Actual existing partial (PV) Roof-
top modules (Comparative analysis of Monthly /Annual) Results.
Comparative Analysis of each simulation scenario results in optimum applications.
Optimizing Application Matrix of both: Roof-top (PV) & (BIPV) Facade(s) applications.
Evaluate Visibility of the Energy add Ratios (%) Produced/Injected to the grid.

VVV VY
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“Case-Study”
Simulation Methodology/
Scenarios

“Base-Case” Model “Case-Study” Model
Tool: Design builder (V6.1.8.021) : PV: r.7.
[Validated By Real Energy Consumption Reading] [Validated By Integrated Real Roof Top PV module]
§ N
= [TTTTTTTT oS mm ey
D ! To get : 7
§ £ i Total Conventional . RO? fop (PY)
A ( 5 ) Simulation Parameters
= i Energy Consumptions |
= 2 i ]
= i (Monthly / Yearly) '
2 i )
8 ! In three cases:- .. ., ST
= ' ! v |
E | - “Base-Case”. : ! Orientation(s):
2 i - (PV)Rooftop appl. | i - South i
- (PV) Facade appl. ! - East i
i [Validated results of E ! p West E
i simulation withReal ! | : | ]
= /Actual average Monthly | _______ B e I
= Electricity consumptions | .
£ T2 Records] ] To get Optimum
Z28% ey B Roof-top
& g-; Tilt Angel
i —— S i S "
» Optimizing Application Matrix of both: Roof-top (PV) & (BIPV) Facade(s) applications
& Applications in (Low &Mid-rise) Educational buildings in Cairo & Delta Climatic Zone- Egypt
‘E [Validated by Real Consumption / Gained energy readings with Integrated Real Roof Top PV module]
E » Evaluate Visibility of the Energy Saved/ add Ratios (%) Produced/Injected to the grid

(Fig.14 ) — Methodology of [“Base-Case” and “Case-study]” Simulation scenarios, [Ref. Author]

5.3 Building Location & Climatic Zone [For both Simulation Tools]

The climatic zone of study location is in Benha city- Elgalyubia Governorate, Egypt which lays within
Greater Cairo & Delta climatic zone with (Latitude 30.1° North and 31.4° East Longitudes, (Figs.15a,
b), The climatic conditions of simulation models for both: “Base-case” model, and “Case-Study”
model, will follow the Egyptian Energy Code for public buildings, 2009,as in (Table: 1) was
established by parametric study of thermal and ventilation performance.

(Table:1) — Climatic Conditions for 'Cairo & Delta climate zone', [Ref., Egyptian Energy Code for Public buildings,

art: |, EECB- 2009

Winter Summer
Out-door climatic conditions
. Moisture In-door Out-door In-door
Location Dry temperature | temperature | climatic climatic climatic
design values design conditions | conditions conditions
2 values
O
SE|ISE| o |le 2 |2l s |lTiz2lT 22 T 22
58 | £ E S LB 3 e i Ss5| 8 85 & | &3
S-| 52| % “ & ® | 28| g &E| g | &t
| I [a] T o T a I
Benha || 31.4 | 30.1 | 740 | 421} 38 37 26 27 24 50 | 133 70 21 40
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(Fig. 15a, b ) — Macro site & Building Location in faculty campus, [Google Earth, adopted by Author]

5.4 Building Architectural Data [For Base-Case& “Design Builder” Simulation-V6.1.8.021]

Secondly, research simulated a whole building as a “Base-Case” study by construction of Exterior and
Interior simulated model on "Design Builder-(VV6.1.8.021)"software based on (Energy Plus) as a
simulation engine - to get a whole building Energy Consumptions, which is considered one of most,

reliable, popular and accurate simulation engine, as in (Figs.16 a, b).

!Table: 2! — “Case-Studz” Educational building Data entry, |Ref. Author

_ Architectural Data

- Building Type

Isolated Educational
building within Faculty of
Engineering Campus / Fully
finished & Occupied spaces.

- Roof Type / Layers

Flat Concrete roof- covered with roofing
layers: [22cm R.Conc.+3 cm Water
proof + 10 cm Thermal Polystyrene + 10
cm slope Conc. +10 cm tiles cover].

- Building Location

Benha- Egypt

- Building Envelope

Perforated Clay bricks 25 cms.

- Building orientation

Almost: North-South

- Facades Finishes

Colored Cement plaster 3 cms.

- Construction Date 2008 - Space Partitions Perforated Clay bricks 12 cms.
- Building Dimension 59.0 L X26.0 W X 15.0H | - Flooring Finches W. Cement Tiles+ wooden panels
- Building Roof Area 1535.0 m2 ~ - Inner Wall Finches | Acrylic Paints + Ceramic tiles

- Ventilation System

Hybrid Ventilation (Natural
+ Split AC) On demand -
“Base-Case” model:
Artificial Mechanical
ventilation (HVAC) system
with set point (24 °C).

- Building Functions

Ground: workshops- storages

First: Drawing halls+ Double heights of
workshops.

Second: Lecture/Drawing Hall + Classes+
offices

Third: Labs/Drawing Hall + Classes+
offices

- Lighting System

Natural day lights/Lambs

- Clear Floor Height

3.40m

uw Thehn um s buiding Butdng 1

S
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Vw1000 e,
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(Fig. 16) -“Design builder” Slmulatlon Model - (a) Exterior model, (b) 2.nd. Floor Tested Zones model, [Ref., Author]

224

JAUES, 19, 70, 2024



TOWARDS OPTIMIZING (BAPV) AND (BIPV) APPLICATIONS IN EDUCATIONAL BUILSINGS IN EGYPT
[By aid of (IT) applications validated by real (PV) Experimental station]

5.5 (PV) Simulation Parameters [For “PV.SYST”-Ver.7.0.16 Simulation Tool]

Thirdly, research preceded a simulation Model by “PVSYST-Ver.7.0.16" as a “Case-study” for
building (PV) application for both: building Rooftop and Facades, as shown in (Table: 3).

Table: 3) — Data & Parameters of (PV) application on “PVSYST”, [Ref. Author

- Simulation Parameters Tables on a building Rooftop & Facades

- Collector Plane Orientation(s) South, East, West

- Tilt Angel(s) [15°,20°,26 °,30°,35°] - Azimuth 18°

- No. of Panels 210 (Roof) — (210 South facade — 105 East and West facades)
- Array Operating Characteristics (50c) | 523 V — Impp 200A

- Total module Area 542 m2 — Cell area 499.0 m2

- PV Array Si-Mono (JKM545M-72HL4-V)

- Number of PV modules 14 modules — In parallel 15 strings

- Total Number of PV modules 210 — Unit Nom. Power 545 Wp

- Array Global Power 114 KWp — At operating Cond.105kWp

- Inverter Model SUN2000-100KTL-M1-400Vac — 100KW ac

Simulation sequence followed simulation Scenario as in (Figs.17a, b, ¢, d) and (PV) application
parameters as shown in (Table 3) for both: building Rooftop and Facades, to get the produced energy
(Monthly/yearly) in each run which can be injected directly to the grid, then classify the final results
for each parameter and place of application (Rooftop — Facades) to be analyzed.

w 1
- b - @ -

(a)- (PV) Rooftop, South orientation , (30 °) Tilt angel (b)- (PV) Rooftop, East orientation , (26 °) Tilt angel

LISgi Lromm
North Zenith East

West South

(c)- (PV.SYST) Rooftop, Model implementation in-site  (d)- (PV) Application on Facades:(South, East &West)
(Fig. 17 a, b, ¢ & d )- Samples of (PV.SYST) Simulation Models Outputs according to parameters, [Ref., Author].
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6. SIMULAION RESULTS ANALYSIS

According to simulation scenario research gets the following results from the two simulated
models: “Base-Case” model by “Design Builder” and “Case-Study” model by “PVSYST”.

6.1 Results of “Base-Case”: Building Energy Consumptions [Using “Design Builder”]

By the aid of “Design Builder”, research proceeded three simulation scenarios to get the Total (Energy
/Electricity) Consumptions (Monthly/Yearly) of the” Case-study” educational building for (Lighting
—Cooling/Heating—Appliances/Machines used -...) (Fig.18), compared as follows:-

» Asa “Base-Case” Conventional use (with-out any of (PV) applications).
= With (PV) Rooftop application (to get Roof shading impact).
= With (PV) South facade application (to get solid fagade insulation impact).

i DesignBuilder - benha 22.dsb - Layout - benha 22, Building 1 -
File Go Tools Help

DEES R FYEZEETQAES

Navigate, Site benha 22, Building 1
ric | Optimisation + UA/SA | Data
2257274 Fuel Breakdown - benha 22, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Monthly Licensed

= RoOm Electricity (kWh) ———= Lighting (KWh) = Cooling (Electricity) (KVVh)
— DHW (Electricity) (KWh)

70000 —
60000 —
50000 —
=
= 40000
= ¥
Display Options >
G & 30000 Lt
v 4 ommmmmmEEE o, |
: ! Cooling/
Data o RN 97 000 |
e 2ont B =« Heating =«
Show as 3-Grap - [] Loads = g
Days perpage 365 u =
O ammelion by arss . Montn 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
& m mEgmERRARy (kWh) [22572.74 10722.87 2085377 21622.70 22572.74 10903.81 2257274 21713.26 20763.30 22572.74 20763.30 21713.26
(] Lt s amEEEEE RGENG O 5315 5 WBE00 S ul A58 %5 B0FR0mST = 6% $ 4 ¥ §909 85a 316 W 1GE #ADER 5 HlA76R I ASWBE 19 EE 8 PAHE T o »
ultiple axes " Cooling (Electricity) (kWh) [ 12436.35 7130.72  10851.06 22633.86 30362.07 47585.00 65883.06 71207.07 58580.68 43871.70 2360432 11000.75 | o
LA AT S TR DO BT " TR I TS M TS ¥ B S ST BN T DS B T RS Ao MR FNE T DD B U AT T T N Y
3z —
= [Edit [ Visuaiise | Heating desian | Cooling desian | Simulation [cFD [ Daviianting | Cost and Carbon

(Fig. 18) - Building Total Energy Consumptions “Base-Case”, [Ref., “Design Builder”& adapted by Author].

6.1.1 With respect to “Base-Case” [with-out any of (PV) Applications]

According to “Design Builder” simulation results; the total amount of energy consumptions by
building spaces in conventional use as a “Base-Case” was (910.97 MWh/Year), and distributed along
year months as shown in (Fig. 19), that with-out any of (PV) applications.

benha 22, Building 1

5888245 Fuel Totals - benha 22, Building 1

(Fig. 19) —
Building
Monthly/Annual total
Energy /Electricity
. Consumptions
i J “Base-Case”,
p——
Total Ener
Consumptia [Ref.,
o as:". s “Design Builder”
: results output &
o e . 5 s n o e ] emeeams BESSESSSssSSSsssssssEsEsEsssEEEssses’ adapted by Author].
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6.1.2 With respect to (PV) “Rooftop” application [(PV) Shading impact on “Roof top”]

According to “Design Builder”; the total amount of Energy consumptions with (PV) “Rooftop”
application decreased to be (779.15 MWh/Year), which reduced to be about (85.0%) of total annual
Electricity consumption of “Base Case” [without calculations of any additional energy
produced/Injected from (PV) panels yet].

This Electrical Energy Reduction (133.79 MWh/Year) gained from both: Shading of (PV) tilted panels
on “Rooftop” and raising “Time Lag” impact of upper space Heating in night times, which reduced
the annual electrical (Cooling/Heating loads), as illustrated in (table:4).

6.1.3 With respect to (PV) South Fagade application [(PV) Insulation impact of “Facade”]

According to “Design Builder”; the total amount of Energy consumptions with (PV) South Facade
application decreased to be (801.29 MWh/Year), which reduced to be about (88 %) of total annual
Electricity consumption of “Base Case” [without calculations of any additional energy
produced/Injected from (PV) panels yet].

This Electrical Energy Reduction (109.68 MWh/Year) gained from of thermal insulation impact of
(PV) wvertical panels’ application on South Fagade, which reduced the annual Electrical
(Cooling/Heating loads), as shown in (Fig.20).

(Table:4) - Records of Building Energy Consumptions [“Base-Case”- (PV) “Rooftop”/ South Facade Applications]
(With-out calculations of any additional Energy produced / Injected from (PV) panels)
[Ref., Adapted by Author, “Design Builder” Records].

“Base-Case” with (PV) South Facade | 56.82 | 46.06 | 50.62 | 59.89 | 72.73 | 71.43 | 88.38 | 89.26 | 77.89 | 73.46 | 60.55 | 542 | 801.29
Appl.[ Fagade Insulation Impact]

950

910.97

900

850

MWh

801.29

800
779.18

750

700
“Base-Case” with (PV)“Rooftop” Application (Using 210 “Base-Case” Energy Consumption (Without Any (PV) “Base-Case” with (PV) South Facade (Using 210 Vertical
Rooftop Panels) Applications) Facade Panels)

(Fig. 20) Impact of (PV) “Rooftop” Shading and (PV)South Fagade Insulation with respect to “Base-Case”
On Building total annual Energy Consumptions - [Ref., Author].
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6.2 Results of “Case-Study” (PV) Rooftop applications [Using PVSYST]

According to “PVSYST” simulation results; the total annual amount of Energy generated/produced
from (PV) array panels applied on: “Rooftop” and Facades represented and distributed along year
months by ( Mwh/Year), data entry parameters, and (PV) shading graphs and calculations, as shown
in (Figs. 21 a, b, ¢ & d).

Il

Nor d productions (per i kWp):  Nominal power 114 kWp GlobHor | DiffHor | T_Amb | GlobInc | GlobEff | EArray || ecrib PR
kWh/m2 | kWh/m2 °C kWh/m2 | KkWh/m2 mwhl | mwry ratio
1 T T T T T T T T T T T § i
Le: Collection Loss (PV-array losses) 0.92 KWhKWpiday January 97.6 42.22 14.09 120.9 1130 | 12.2 11.03 0.799
L e e U i 5 02 kW ¥Wiey February 1106 55.54 15.15 128.1 1202 1z.ss| I 126 0.861
E Yf: Produced useful energy (inverter output)  4.68 KWh/kWp/day March 161.5 73.04 18.48 178.2 167.6 17.51 17.11 0.840
2 April 187.9 83.65 21.48 196.2 184.5 | 18.9 18.42‘ 0.823
May 221.8 87.03 25.37 2221 209.0 I 21.0%, I 20.50 0.806
June 231.0 75.87 27.97 226.0 212.7 21.1) 1 18.9 0.731
July 2329 74.83 29.81 230.3 216.7 I 2145 20.91 0.794
August 207.0 80.28 29.61 212.5 199.9 | 19.9 I 19.43 0.799
September 179.2 62.56 27.34 194.5 183.0 1 18.46 | 18.0 0.809
October 144.4 59.12 24.34 166.7 156.6 16.1&’ I 14.8] 0.777
November 104.8 40.42 19.56 128.4 1205 | 12.7 12.53 0.850
December 90.1 38.92 15.81 1134 1060 4| 1148 | 112 0.867
L
Year 1968.7 773.50 22.46 2117.3 1989.6 1 704.01! 1 1936‘ 0.807
PSS R
Legends: GlobHor Global horizontal irradiation GlobEff Effective Global, corr. for IAM and shadings
DiffHor Horizontal diffuse irradiation EArray Effective energy at the output of the array
0 T_Amb T amb. E_Grid Energy injected into grid
don iFeb Mx Apr May Juni J o Aug; GSep; i0dt MNev  Deo GlobInc Global incident in coll. plane PR Performance Ratio
(a)- (PV) Normalized Production Graph (b)- (PV) Rooftop Monthly Detailed Energy Production table

By classify results of (PV) Roof-top applications/runs with Tilt angels: [15°—20°—26 °— 30° —
359] respectively with the same number of (PV) array panels 210; (maximum proper number for
the same building roof).

The same done with applications/runs of (PV) Facade orientation: [South — East— West].

South fagade with number of 210 (PV) array panels (same number of roof panels), but 105 (PV)
array panels for each of East and West facades due to their smaller area.

Grid-Connected System: Main results
Project : banha

Simulation variant : New simulation variant
Simulation for year no: 1

Main system parameters System type Tables on a building
Near Shadings Linear shaging&sssssass, .
PV Field Orientation E tilt 15°: azimuth 18°
B Lo [T MadEl RMa45M-72HL4-V Pnom 545 Wp
- PV Array Nb. of modules 210 E Pnom total 114 kWp
-Arnw"er llllllllllllllllllllllllllllllllllllllllllllllllllllllllll MM’MIIISUNZOOO_‘]00KTL_M1_400VaC 100 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 195.6 MWh/year Specific prod. 1709 kWh/kWp/year
Performance Ratio PR 80.73 %

(c)- (PV) Rooftop / Facade data Entry & parameters

The shading effect due to (PV) panels’ array

applications on both (Roof and facades),
calculated as additional shading devices, are
calculated along year by “PVSYST” to get
the most suitable Roof-top tilt angel, that
avoiding shading of panels arrays on each
other’s, with respect to building orientation
and site data.

T

T T
for diffuse: 0.039

o 30
Asimuth r

(d)- (PV) Rooftop “Iso-Shading” Diagram
(Figs. 21 a, b, ¢ & d) - Samples of (PVSYST) Simulation Model Results according to parameters, [Ref., Author].
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6.2.1 With respect to (PV) “Rooftop” Tilt Angel

According to “PVSYST” simulation results; the total amount of Energy generated/produced from (PV)
array panels applied on Rooftop represented and distributed along year months by ( Mwh/Year ), as
shown in (Figs. 22 a, b & ¢).

Energy Injected to Grid 11.06 12.62 1732 18.48 20.50 1891 2092 19.44 18.01 14.82 12.50 11.25 195.64
Energy Loses via Converter/Syst. 1.21 0.26 0.39 0.44 051 2.26 053 0.48 045 1.36 027 023 8.38
Energy Injected to Grid 11.25 12.95 17.51 1843 1926 18.79 21.11 18.47 17.98 1522 12.82 11.92 195.71
Energy Loses via Converter/Syst. 1.43 02 0.21 0.51 0.6 1.64 0.54 0.86 0.36 1.1 036 035 8.79
. "a
E Energy Injected to Grid 11.99 1327 17.48 1822 19.62 17.82 19.81 18.93 18.18 1553 13.51 1231 196.67 u
¥ fnamskseniaGnransnse s s iSs s PR spe fda e dald s pu@ e nn Puldn pu il s oleiwn -o.dl.---l--u-w-uih- sadamnnnnnSddnnnnnn?
Energy Injected to Gnd 12.66 13.19 17.41 17.55 18.96 17.53 19.28 18.48 17.91 1564 13.97 1225 194.83
Fnergy lLoses via Convernter/Syst 0.74 0.12 0.38 0.71 039 228 0.69 0.59 0.51 1.49 024 0.49 8.63
Energy Injected to Grid 12.59 13.60 17.51 17.75 18.63 16.71 18.67 18.27 18.06 15.87 14.13 13.02 194.92
Energy Loses via Converter/Syst. 1.42 0.29 04 0.42 0.46 1.95 047 0.45 045 1.46 033 029 8.28
11.13 1224 18.03 17.62 1857 17.83 19.93 18.04 17.58 15.57 11.82 1047 188.22
25
(a) - UP
s an Energy Data according
2 i 181 fiu to different Tilt Angels.
2 18.18
17.51
15.87
X 136 1413 (b) - Left
2 1266 B0 Energy Generated-
2 L. . .
3 Distribution according
10 to Monthly Production.
(Fig.22a,b&c) -
5 . .
(PVSYST) Simulation
Results Analysis for
o Rooftop Tilt Angels,
January February March April May June July August September October November December [R
ef., Author].

W Energy Injected to Grid @159 MEnergy Injected to Grid ®20° W Energy Injected to Grid @262 W Energy Injected to Grid @30¢  m Energy Injected to Grid @359

250

= Descending, the most profit / produced

(Energy Injected to Grid) annually was w
obtained from tilt angels respectively: [°
26, ° 20, °15, °30 and °35] for the same
(PV) array panels modules.
= The most profit (Energy Injected to Grid) G

annually obtained from rooftop tilt angels
ranges between [015. 032] in the same mEnergy Produced from Array W Energy Injected to Grid Energy Loses via Converter/Syst
region/site climatic conditions. (c)- Energy produced according to different Rooftop Tilt Angels

MWh
g ®

g

Real Validation @22°

=  The Maximum total annually produced (Energy Injected to Grid) was (197.70 MWh) obtained/
produced from rooftop (PV) array with (° 26) tilt angel south oriented.

=  The Maximum annual reduction of total building Energy consumption was (22 %); due to (PV)
rooftop application with (° 26) tilt angel as Energy Injected to Grid.
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6.2.2 With respect to (PV) “Rooftop” Array panels Orientation

According to “PVSYST” simulation results; the total amount of energy generated/produced from (PV)
array panels applied on Rooftop by different panels orientations represented and distributed along year
months by (MWh/Year), as shown in (Figs. 23 a, b & c).
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25

20

MWh

—
S

5
0
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Energy Loses via Converter/Syst. 0.94 023 039 0.48 2.26 0.51 0.44 0.39 121 0.24 0.19
Energy Produced from Amay 958 [ 1076 1675 | 1976 | 1933 [ 1737 [ 1407 [ 1038 | 932
Fncrgy Injected to Grid | 873 | 1034 | 1402 | 1623 | 1949 17188 | 1698 | 1274 | 1041 | 809
Energy Loses via Converter/Syst. 0.85 0.42 032 0.52 0.27 211 0.58 0.5 0.42 1.36 027 123
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Energy Data according
1962 1981 to different Rooftop
518 Panels Orientations
- (b)- Left
1231 Energy Generated-

January February March April une July

M Energy Injected to Grid South Rooftop M Energy Injected to Grid East Rooftop

Descending, the most profit/produced
(Energy Injected to Grid) annually was
obtained from rooftop orientation
respectively: [South, East, West, South
east, then South west], North orientation
neglected due to no direct irradiance, for
the same (PV) array panels modules.

The most profit/produced (Energy
Injected to Grid) annually obtained from
(PV) rooftop South orientation for the
same region /site climatic conditions.

1893
1708 1822 1797
1327
1199 | |
May J

August

l‘l 1553

September  October

Distribution according
to Monthly Production.

November  December

W Energy Injected to Grid West Rooftop

250

2 17576
150
=
3
>3
100
50
0

196.67

South Rooftop

B Energy Produced from Array

(c)- Energy produced according to different Panels Orientations

East Rooftop

B Energy Injected to Grid

(Fig. 23a,b & c)-
(PVSYST) Simulation
Results Analysis for
Rooftop Orientations
[Ref., Author].

173.07

West Rooftop

Energy Loses via Converter/Syst.

The Maximum total annually produced (Energy Injected to Grid) was (196.70 MWh) obtained/
produced from (PV) rooftop south oriented at tilt angel of (° 26).

The Maximum annual reduction of total building Energy consumption was (22%); due to (PV)
rooftop south oriented at tilt angel of (° 26) as Energy Injected to Grid.
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6.3 Results of “Case-Study” (PV) Facade applications

According to “PVSYST” simulation results; the total amount of energy generated/produced from (PV)
array panels applied on building facades by different orientations represented and distributed along
year months by (Mwh/Year), as shown in (Figs. 24 a, b & ¢).

enmEw
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Energy Loses via Converter/Syst. | 020 | 010 [ 7007 | 0127006 [ 051 [ 014 | 012 [ 009 [ 032 | 0065 [ 030 2.12
14
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Energy Data according
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~

0

105676
10.1384 10395
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69542 |
May

A5306 11.4898
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(Fig. 24 a,b &c)-
(PVSYST) Simulation

I Results for (PV)

Facades Orientations
[Ref., Author].

January February March April June July August September October November December

W Energy Injected to Grid South Fagade W Energy Injected to Grid East Facade W Energy Injected to Grid West Fagade
. . 140
Descending, the most profit/produced

(Energy Injected to Grid) annually was
obtained from (PV) Facade orientation
respectively: [South, East, then West], g ®
North Facade orientation neglected dueto = «
no-direct irradiance, for the same (PV) 0
array panels modules.

120 114,068

474552
I I I I 1

The most profit/produced (Energy 0

Injected to Grid) annually obtained from South Faade EastFagade West Fagade
(PV) South facade orientation for the B Energy Produced from Array B Energy Injected to Grid Energy Loses via Converter
same region/site climatic conditions. (c)- Energy according to different (PV) Facades Orientations

The Maximum total annually produced (Energy Injected to Grid) was (114.00 MWh) obtained/
produced from (PV) Application on opague areas on South Facade orientation.

The Maximum annual reduction of total building Energy consumption was (13 %); due to (PV)
Application on opaque areas on South Facade orientation as Energy Injected to Grid.
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7. FINDINGS AND CONCLUSION

By analysing and classifying simulation results/records, as shown in (Table: 4), and comparing with
validated records from real existing “Rooftop” (PV) array panels (existing in nearby another building);
research can conclude the next findings and conclusion, as in (Fig.25), [with respect to greater Cairo
and Delta climatic zone, and low and mid-rise buildings with a proper/Standard educational building
flat roof sample].

(Table: 4) - Comparative Analysis records of Building Total Energy Consumptions “Base-Case”+ (PV) Applications,

“Base-Case” With (PV) South Facade Appl. ] ; ‘ » 72.73 | 71.43 !

| Fagade Insulation Impact] ;
Produced /Injected Energy to grid 6.95 | 7.70 | 10.14 | 10.57 | 11.38 | 10.34 | 11.49 | 10.98 | 10.54 | 9.00 | 7.84 | 7.14 114.07
[Due to (PV) South Facade Application (210 panels)]

[Ref., Simulation Results and validated Real Records - adapted by Author].

Total Energy Consumption 29.87 | 38.36 | 40.48 | 4932 | 61.35 | 61.09 | 76.80 | 78.28 | 67.35 | 64.46 | 52.71 | 47.06 | 687.22
e to South Facade Application] -

1000 910.97

MVh

900
e 687.22
7
o 582.51

600
500
400
o 196.67
200 109.68 114.07 133.79
100

0

Energy saving (Due Produced /Injected Total Energy “Base-Case” Building Total Energy Produced /Injected Energy Saving (Due
to Fagade thermal Energy to grid( Due Consumption ( Due Energy Consumption Consumption ( Due Energy togrid (Due to Roof Shading)
Insulation) to (PV) facade to (PV) Facade (Without (PV) to (PV) "Rooftop”  to (PV)Roof panels)
Application) Applicaton) Application) Application)

(Fig. 25) - (Design Builder& PVSYST) Simulation Results & Validated Records for (PV) applications on “Base-Case”
[Ref., Author].

7.1 General Findings

Application of (PV) tilted Panels on building “Rooftop” is more Benefit/Visible than
application of (PV) on Fagades; with total Active/Passive reduction ratio about (37 %), and
(25%) respectively of total “Base-Case” (Standard mid-rise Educational building), for the same
number of array panels, same orientation and a proper flat roof area.

Direct Active impact of (PV) application: on building “Rooftop” can reduce the total annual
building Energy consumption by (22%) of “Base-Case”, by direct Electric Energy Produced/
Injected to grid. Otherwise, this reduction was (13%) due to south Facade (PV) application
(With the same number of (PV) array panels used).

Indirect Passive impact of (PV) application: on building “Rooftop” can reduce the total annual
building Energy consumption by (15%) of “Base-Case”, due to (PV) tilted panels Shading, and
”Time Lag” effects on Roof. Otherwise, this reduction was (12%) due to South Facade (PV)
application, due to (PV) Extra Thermal insulation (With same number of panels used).
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For (PV) array applications on both (Rooftop and Facades); South orientation is the most
benefit/production of energy generated, then [East, Southeast, southwest, and West]
orientations respectively.

The difference /Looses of Energy between East and West array panels’ orientation; due to the
evolving heat of the system and panels surface in the second half of daytime.

Application of (PV) Tilted panels on building flat “Rooftop” is more practical in application
than (BAPV) and (BIPV) on facades; because of: [More safe — Cleanable — Easier in running
maintenance & Service — More Energy productive for the same array panels area — More
economic in operation].

7.2 Focused Findings
A. As for (BAPYV) “Rooftop” applications

(PV) “Rooftop” application reduces total annual building Energy consumption by about (36.5
%) of “Base-Case” due to both: Roof shading and Energy produced/injected to grid.

The maximum Energy produced/Injected to grid obtained at (°26) South orientation.

The proper/suitable (PV) “Rooftop” Tilt angels ranges between (°15: °30) oriented south with
total variation (+/— 1.5 % of total annual Energy production).

Summer months (July, May, August, April, June, and September) respectively descending, are
the most of energy produced/Injected to grid, than Winter months (January, December,
February, November, October, and March) respectively ascending with average ratio (34%) as
shown and concluded in (table:5).

(Table:5 )-(PV) Rooftop Tilt angels, Difference Ratio of Summer/Winter months Energy produced/Injected,

|Ref. Author|

Summer Months Winter Months

116.26 79.38 46.4
114.04 81.67 39.6
112.58 84.10 33.8
109.70 85.12 28.7
108.20 86.72 24.5

The optimum (PV) Rooftop array panels’ orientation is South, which more than East by (12%),
then West by (14%) of total annual Energy produced/Injected to grid.

Summer months (July, May, August, June, April, and September) respectively descending, are
the most of Energy produced/Injected to grid, then Winter months (January, December,
February, November, October, and March) respectively ascending with average ratio (54.21
%) as shown and concluded in (table:6).

(Table:6)- (PV) "Rooftop” Orientation, Difference Ratio of Summer/Winter months Energy

Eroduced/ln'!ected, |Ref. Auth0r|

Summer Months Winter Months
112.58 84.10
107.81 67.95
109.04 64.03 70.2
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. As for (BAPV) and (BIPV) Facades applications:

(PV) South Facade application reduces the annual building Energy consumption by about (12
%) of “Base-Case” due to South facade panels as thermal insulation impact only.

(PV) Fagade application reduces the total annual building Energy consumption by about (25
%) of “Base-Case” due to both: Facade insulation impact and Energy produced/injected to grid.

The annual optimum application of Facade (BAPV) and (BIPV) orientation is on South facade;
which more than East by (20%), then West by (35.7%) of Energy produced/Injected to grid.

Summer months (July, May, August, June, April, and September) respectively descending, are
the most of energy produced/Injected to grid, then Winter months (January, December,
February, November, October, and March) respectively ascending with average ratio (55.72
%) as shown and concluded in (table:7).

(Table: 7) - (BAPV/BIPV) Facades, Difference Ratio of Summer/Winter months Energy produced/Injected
[Ref. Author]

Energy Produced/Injected to Grid (MWh) Difference Ratio (%)
Energy(N Summer Months Winter Months
Orientation
South 67.23 46.77 43.7
East 57.92 37.68 53.3
West 54.34 28.74 70.2

7.3 General Conclusion

By optimizing the application of (PV) Panels on educational building as: (BAPV) or (BIPV)
we can save more than (37 %) of conventional annual building Energy consumptions with (PV)
application on “Rooftop” only; while this ratio can reach (25%) by (PV) South Facade
application-[for same number of (PV) array panels used].

By optimizing the whole application of (PV) Panels on educational building as: (BAPV) or
(BIPV) on “Rooftop” and the three visible Facades (South, East, and West respectively) we
can save more than (81%) of “Base-Case” Energy consumptions, as illustrated in (Table:8),
which can be reached to be a Zero Net energy Building (ZNB).

(Table: 8)-Optimizing Whole (BAPV/BIPV) Application: Energy produced/Saved Vs. “Base-Case” Energy Consumptions

[Ref. Author]

(PV) Facade

South (210 Panels) East (105 Panels) West (105 Panels) - §

(o2
53
w S
Energy SEneng Energy Energy Energy Energy Energy Energy _ 3
Produced § “2€9PY | produced | Savedby | Produced | Savedby | Produced i Savedby | & 3
. Roof . . . sl . . 29
/Injected Shading /Injected nsulation | /Injected nsulation | /Injected | Insulation S
910.97 | 196.67 133.79 114.07 109.00 47.46 42.37 41.54 38.15 723.0
Saving e 25 % 0% 2% 81%

Ratio 37 % 44
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8. RECOMMENDATIONS

As mentioned in literature review, the awareness by the triad of Sustainability of: [Economic —
Environmental and Social] importance of shifting to renewable energies, because of: (rapid evolving
of electricity prices, environmental and future impact of enhancing the built-environment — Spreading
the culture of clean energy through different students ages), research states the next recommendations.

8.1 General Recommendations

= Educational buildings [According to its large and Extended Roof areas, and limited rise (Low
&Muid-rise)] consider the second prior building types (after industrial ones) to be focused on
renewable energies applications, especially with evolving (PV) applications.

= Government should provide urgent laws, legalizations for educational buildings codes for both:
(Existing and new) to organize the application of (BAPV) or (BIPV) within maximum next
(3:5) years.

= Ministries of education and higher education should embedded/dragged the applications of
renewable energy strategies / techniques within (Quality Accreditation Parameters); to induce
educational establishments spreading the renewable energies and (PV) applications within
educational community.

= Government should offer more incentives: (Material, Rewards and Moral) to educational
establishments that applies renewable energies strategies.

8.2 (PV) Developers and Users Recommendations

= For low and mid-rise public buildings (PV) Rooftop considers a top priority to (BAPV) and
(BIPV) applications, then facades.

*= The optimum (BAPV) or (BIPV) application on Rooftop is with Tilt angel at (26°) South
orientation.

= The proper/suitable (PV) Rooftop Tilt angels ranges between (°15: °30) oriented south with
total variation (+/— 1.5 % of total annual energy production/injected to grid).

= Descending, For (BAPV) or (BIPV) application on both: (Rooftop and Facades); South
orientation is the most benefit/production of energy generated, then [East, South east, South
west, and West] orientations respectively.

8.3 (BAPV) and (BIPV) Future Researches

= In Tall and high-rise building; Facades (BAPV) and (BIPV) consider the prior to application
than Rooftop (small roof area in comparative with facade areas), then more researches should
be developed on economics of (PV) flexible facade modules.

= (BAPV)/(BIPV) developers and research centers should to develop more advanced technology
for (PV) panels with self-clean technology, or any of “NANO-Technology” coated materials
to be applied easily in high-rise facades, to reduce additional maintenance and cleaning costs,
and to enhance their efficiency.

= [Improving the components of (PV) cells to be more: [Efficient, Productive and Economic]
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