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https://iqip.com/products/pile-driving-equipment/noise-reduction-system/
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1 INTRODUCTION

This report presents a comprehensive hydrologic assessment of a 23.19 square kilometer
area located in South of Egypt. This assessment aims to provide a detailed analysis of the
hydrological characteristics and dynamics within the specified region, which is crucial for
informed land development and management.

Solar Project - Nagaa Hammadi, situated in the South part of Egypt, experiences a
predominantly arid climate, which significantly influences the hydrologic patterns and
water resource availability. The assessment includes an evaluation of precipitation
patterns, surface runoff, groundwater recharge, and potential flood risks. It also considers
the impact of existing and planned developments on the hydrological regime.

Through the integration of field data, remote sensing, and hydrological modeling, this
report aims to offer actionable insights and recommendations to support sustainable
development practices in the area.

1.1  Project Location
The study area is geographically positioned on the South side of Egypt Next to Nagaa

Hammadi village, Qena city.
Between 25.40°, 25.82° Lat and 32.15°, 32.30°Long.

32°18'0"E 32°21'0"E 32°24'0"E 32"('.)'0"E 32"1?'0"E 32’3?'0"E

PERETAR G YR S T

SR e SR
S

ZS"SB|'28'N

T
26°9'15"N

25"55|'16"N

25°52'24"N
|
e

. v
25°38'45"N

Figure 1-1: project location
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1.2  Scope of work

The scope of work for the project will include the Hydrology assessment study for the
project Location. The deliverable of the above-mentioned scope shall be a final design
report (the document at hand) which includes.

- Design guidelines & methodology (hydraulic and hydrologic design criteria).
- Collected data for the project.

- The existing conditions are based on both sites’ information.

- Analytical studies and assessment of the collected data.

- Runoff peak flow estimation for effective watersheds.

- The Final results and models’ outputs.

- Risk assessment

2 Data Collection

This section presents the study area location and description, besides the data collected
such as topographic maps, satellite images and rainfall data. In addition, the principles
and design criteria used in the hydrological study of the project are also provided.

All data and information on the study were collected from official bodies. The following is
a list of the most important information and data collected for analysis and used in the
hydrological study of the project:

- Project boundary.

- Digital Elevation Model (DEM) SRTM 30*30 meters.

- Topographic Survey (4.5*%4.5) m

- Topographic maps of the study area.

- Soil and Land formation maps for the study area.

- Rainfall station data affecting the study area from Egyptian Meteorological
Authority
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2.1  Topographic Data

2.1.1 Digital Elevation Models (DEM)

Digital Elevation Models (DEM) for the whole study area were collected and obtained from
the freely available SRTM satellite imaging results - satellites for imaging and Earth
observation - and the model is a grid matrix image in the horizontal projection at a
resolution of 30 meters. The SRTM data are widely used in the identification of drainage
basins for hydrological analysis work in many research and advisory bodies. Figure 2-1
presents the Study Area on the digital elevation model of the SRTM data

32°1I8'D"E 32"2‘0'0"E 32°2I2'D"E 32°2I6'D"E 32°28'0"E

25°58'4"N

25°56'2"N

25°54'0"N

25°51'58"N

25°54'0"N 25°56'2"N 25°58'4"N

25°51'58"N

Drawing Title Scale Bar

SRTM DEM

Legend High : 501

—— project location

0 1.5 3 6 Kilometers.

Low: 66
[N S T T S T R T

Scale
1:63,360

Figure 2-1: Digital Elevation Model (DEM) of the SRTM data for the study area

2.1.2 Topographic survey

As part of the data provided, we obtained a high-resolution topographical map (DEM)
with a spatial resolution of 4.5 m x 4.5 m, which proved to be highly accurate and
reliable. This map was used extensively in terrain modeling and to determine the

drainage volumes affecting the project.
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Figure 2-2:Topographic Survey with resolution (4.5*4.5) m

2.1.3 Topo Maps
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Figure 2-3: Topo map showing the streams and main wadis in the study area
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2.2 Soil information

Figure 2-4 demonstrate the prevailing geological conditions around the study area from
information collected from the Egyptian Geological Survey and Mining Authority with a

scale of 1:2000000

Figure 2-4: Geological map of the study area
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3 Principles and design criteria

This chapter outlines the principles and design criteria that guided the hydrological
analysis conducted for this project. It details the specific methodologies and approaches
employed to assess the flood risk and proposed mitigations. In addition, the chapter
provides an overview of the software tools utilized to perform the necessary calculations
and simulations.

3.1 Standards and Codes

In general, the hydrologic study is based on the design criteria conforming to the following
professional standards and codes:

3.2

Highway Drainage Guidelines, 4th ed., AASHTO, USA, 2007.

DEFRA, E. (2006). R&D outputs: Flood risks to people. Phase 2. FD2321/TR1 The
flood risks to people methodology. Department for Environment Food and Rural
Affairs and the Environment Agency, London.

Hydraulic Engineering Circular (HEC) no. 22, Third edition, Urban Drainage Design
Manual, Federal Highway Administration, U.S. Department of Transportation, 2009.

Urban Hydrology for Small Watershed, Technical Release 55, TR55, NRCS, 1986.

United States Dept. of Agriculture (USDA) (1986) Urban Hydrology for Small
Watersheds Technical Release TR 55, Washington, DC.

Computer Models and Software Packages

The most advanced programs and numerical models were used in the calculation and
hydrological and hydraulic analysis of catchment areas and proposed protection work. The
following are the main programs and models that are usually used:

GIS Environment (Arc-Hydro Tools, Spatial Analyst, etc.): to delineate the watersheds,
estimate watershed characteristics and develop runoff coefficient maps.

HEC-SSP software was used to conduct a frequency analysis for the collected rainfall data
records.

HEC-HMS (by USACE) and some developed in-house spreadsheets (MS Excel) are used to
estimate the peak flow and to estimate the other hydrologic parameters whenever needed.

Flow Master or Culvert Studio in the hydraulic design of the proposed protection works
such as channels and dikes, and to determine the different hydraulics parameters.

Civil 3D for developing corridors and surface of Existing and proposed structures.

HEC-RAS 2D 6.3 (by USACE) in determining the floodplain boundaries of the main streams
that affect the study area.
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3.3 Rainfall-runoff calculations

There are several methods for estimating and calculating the peak flows and runoff
hydrographs resulting from the catchment areas affecting the project boundary. The most
common methods used are (Rational Method) and (SCS Unit Hydrograph). Table 3-1 shows
the limitations of using these methods according to the area of the catchment affecting
the proposed project location. The following sections give a brief explanation of both
methods, and how they are applied to estimate peak flows and runoff hydrographs for
catchment areas affecting the project boundary.

Table 3-1: Limitations for the rainfall-runoff calculation methods

Catchments Area Proposed Equation
A = 80 Ha. SCS Method
A < 80 Ha. Rational Method

3.3.1 SCS Unit Hydrograph Method

The United States Soil Conservation Service (SCS - now the Natural Resource
Conservation Service "NRCS") method estimates runoff using in addition to rainfall,
catchment characteristics such as antecedent soil moisture conditions, types of soil, initial
abstraction of rainfall, slope, length of the longest channel, and surface treatment and
land cover. These characteristics are reflected by a Curve Number (CN) value. This number
typically ranges from 35 (for low runoff depressions) to 98 (for paved impervious areas).

The maximum loss or storage that may occur in the soil of drainage basin (S) as well as
the initial abstraction value (la) expected to occur in the drainage basin are typically related
using an initial abstraction of 0.2S, where S is a maximum soil storage depth (in mm) and
CN = Curve Number. The soil storage is calculated from the equation below (other values
may be used).

(1000 10) 25.4
— — * .
CN

Whereas:

S - Maximum soil storage depth, mm.

CN - Curve number according to the nature of the drainage basin.

la - Initial abstraction (at the beginning of rainstorm) mm.
As mentioned in Table 3-1, this method will only be utilized for catchments equal to or
more than 80 ha (or 0.8 km2).

This method can account for the following hydrological processes of the design storm:
- Storm distribution over time (Hyetograph).

- Initial abstraction losses of rainfall and initial storage of the drainage basins (la) related to
the quantity of water stored in ponds and low areas of the basin as well as those depleted
in the process of initial saturation of the surface of the basin.

- Infiltration Rate, which gradually decreases with time from the beginning of the storm until
it reaches a fixed value that depends mostly on the physical properties of the soil and its
structural formation and the proportion of organic matter in it.
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The values of the curve number are estimated according to the geological maps and the
aerial photographs and according to Tables mentioned in Technical Release No. 55 (TR-
55) issued by The U.S. Department of Agriculture (USDA).

Runoff Depth (R), which is expected to occur on a unit area of the drainage basin (mm), is
calculated using the following equation:

_ (P_ a)z
"~ (P +0.8S)
Whereas:

P - Maximum daily rainfall rate corresponding to design return period,
mm.

The runoff hydrograph resulting from (the SCS-Unit hydrograph method) depends on the
area of the drainage basin and the Lag time (T lag).

Lag Time: It is the time between the center of mass of the storm ordinate and the peak
discharge or it can be defined also as the time from the start of the excess runoff until the
inflection point (the point between the falling limp on the hydrograph and the recession
limp), and it can be estimated as follows:

TL (min.) = 0.6 Tc (min.)
The shape of the SCS flood hydrograph is standard and depends on the watershed area
and the lag time of the basin. The peak flow for one unit of rainfall excess is given by:

2.08x A
peak — Tx

Where:
Q peak: the unit peak discharge in (m3/s/mm);
A: the drainage area in (km2)

TR: the time of the rise of the flood hydrograph, which equals the lag
time plus one-half of the storm duration in (hours). The SCS flood
hydrograph calculations are performed by the available computer
software such as HEC-HMS.

3.3.2 Rational Method

This method is one of the best-known and most widely used for the determination of peak
flows from small catchments (area less than 80 ha). Further information can be derived
from the Highway Hydrology, Hydraulic Design Series No. 2 (HDS-2) NHI-02-001. The peak
flow is obtained from the following peak flow formula:

CIA

=5
Where;
Q = peak flow (m3/s)
C = runoff coefficient
I = average rainfall intensity over catchment (mm/h)
A = effective area of the catchment (km?2)
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3.6 =

conversion factor

The application of the formula is based on the following;:

The rainfall has a uniform area distribution across the catchment.
The rainfall has a uniform time distribution during the time of concentration.

The runoff coefficient C remains constant throughout the duration of the storm.

(1)
(2)
(3) The peak discharge occurs at the end of the time of concentration.
(4)
(5)

The return period of the peak flow is the same as that of the rainfall intensity.

The Terms of the Peak Flow Formula:

Runoff coefficient (C): It represents the many factors influencing the rainfall/runoff
relationship. Itis a measure of that part of the storm rainfall contributing to the peak flood
runoff at the point of discharge of the catchment. There is no theoretical method for
determining the runoff coefficient (C); experience and engineering judgement plays an
important part in the successful application of the method.

In an industrial area with a high proportion of impermeable surfaces such as roads and
paving the runoff coefficient could be as high as 0.95, while in a flat rural area, well-treed
with a permeable sandy formation the runoff coefficient may be 0.10. Recommended
values of the runoff factor for use in the rational formula are provided in Table 3-2, (as per

MOT standards).

Table 3-2: Recommended Values of the runoff coefficient (C) (Source: MOT Design Manual)

Watershed Characteristics

average slopes

thin soil mantle

A B C D
Relief Soil Infiltration Vegetal Cover Surface Storage
0.40 0.20 0.20 0.20
Steep rugged No effective soll Negligible; Surface
terrain; cover; either rock or No effective plant cover; depression few and

bare or very sparse soil

shallow; drainage ways

average slopes
of 10 to 30%

soil of low infiltration
capacity such as

greater than negligible infiltration cover steep and small no ponds
30% capacity or Marshall
0.30 0.15 0.15 0.15
Slow to take up Poor to fair; clean
Hilly with water; clay, or other cultivated crops or poor Low; well-defined system

natural cover; less than
10% of the area under

of small drainage ways, no
ponds of marches.

average slopes
of 5to 10%

Normal, deep loam

heavy gumbo good cover
0.20 0.10 0.10 0.10
Normal; considerable
Roli : Fair to good; about 50% of surface depression
olling with

the area is in good
grassland, woodland or
equivalent cover.

storage; typical of prairie
lands; lakes ponds, and
marshes less than 20% of
the area.

0.10

Relatively flat
land average
slopes 0 to 5%

0.05
High, deep sand or
other soil that takes
up water readily and
rapidly.

0.05
Good to excellent; about
50% of the area is in good
land; woodland or
equivalent cover.

0.05
High; surface depression
storage high; drainage
system not sharply defined,
large flood plain storage; a
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Watershed Characteristics
A B C D
Relief Soil Infiltration Vegetal Cover Surface Storage
large number of ponds and
marshes.

In the case of variable-type areas then the average areal runoff coefficient is calculated as
follows:

_ CAy + CAgt.. +CrAy

A, + Ay+.. . +A,
Whereas: C1, ..., Cn are the runoff coefficients for the sub-catchment areas A1, ..., An
respectively.

Rainfall Intensity, I: The intensity of a design storm increases as the return period increases
and as the duration of the storm decreases. To obtain the largest possible peak flow for a
given return period, using the rational method, the storm rainfall must have a duration
equal to the time of concentration. If the storm lasts longer than the time of concentration
it will have a low intensity, IDF curves will be developed for the rainfall stations in the
vicinity of the study area.

Time of Concentration, Tc: The time of concentration is the time required for runoff from
the most distant point of the catchment to contribute to the peak discharge. In the context
of the Rational Method, the duration of storm rainfall must be equal to the time of
concentration.

Watershed Lag Method

The SCS method for watershed lag was developed by Mockus in 1961. It spans a broad
set of conditions ranging from heavily forested watersheds with steep channels and a high
percent of runoff resulting from subsurface flow to meadows providing a high retardance
to surface runoff, to smooth land surfaces and large paved areas.

Various researchers (Mockus 1957; Simas 1996) found that for average natural
watershed conditions and approximately uniform distribution of runoff: Tlag = 0.6 Tc

Tc = 0.01944 077 §-0:385

T. — Time of concentration (min.).

L — Longest Flow Path (m) Flow length can be measured using aerial photographs,

guadrangle sheets, or GIS techniques.

S — average watershed land slope.
The hydraulic design aims to provide a drainage structure of adequate capacity that can
safely convey the design flow without significant damages or inconveniences. The
hydraulic design process consists of establishing design criteria, developing alternatives,
and selecting the alternative that best satisfies the design criteria.

3.4  The Design Return Period

The frequency of storms within a specified period and the frequency of the storm reflects
the degree of flood risks. The choice of return period depends on the importance and
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location of the proposed protection structure. Table 3-3 shows the adopted design return
period for the different elements of flood protection that can be used for the project.

Table 3-3: Design Return Period for Different Protection Elements

Drainage Element Design Storm RP (1: Yrs.)
Dams 200/100
Wadi Bridges 100
Crossing Culverts 100
Diversion Channel 100
Dikes 100
Side Slope Protection works 100

Design Concept:

During the planning and design phase of this project, floodwater drainage problems will be
carefully considered. Every possible effort will be implemented to define the natural
watercourses, preserve their integrity, and maintain the natural drainage paths.

Flood protection works will be provided to prevent any possible attack of the Solar Project
by external watersheds according to the velocity of flows. Flood protection structures in
this project may include the following elements:

a. Raised Roadway to act as a dike.
b. Open channel

3.5 Aggradation and Degradation Analysis (Scour calculation)

Aggradation and degradation are the vertical raising and lowering, respectively, of the
streamed over relatively long distances and time frames. Such changes can be the result
of both natural and man-induced changes in the watershed. The sediment continuity
concept is the primary principle applied in both qualitative and quantitative analyses of
bed elevation changes. After an introduction to the concept of sediment continuity, some
factors causing a bed elevation change are reviewed Figure 3-1 show Definition Sketch of
Sediment Continuity Concept.
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Sediment Inflow
(Volume)

7

Change in Volume = Inflow - Outflow

§ If negative, erosion will occur
utflow : :
Sedl(r\r;(e)?JrT?e) C If positive, sedimentation will occur]

Figure 3-1 Definition Sketch of Sediment Continuity Concept

Inception motion

Incipient motion is the condition where the hydraulic forces acting on a sediment particle
are equal to the forces resisting motion. The particle is at a critical condition where a slight
increase in the hydraulic forces will cause the particle to move.

Incipient motion conditions can be analyzed using the Shields diagram or by the following
equation developed from the diagram: (HEC-20)

D, =—'°
¢ ks (ys - )/)
Where.

D, — Diameter of the sediment particle at the critical condition, ft

7, — Boundary shear stress lb/ft?

¥y — Specific weight of Water Ib/ft3

¥s — Specific weight of sediment Ib/ft3

ks — Dimensionless coefficient often referred to as the Shields parameter

The Shields parameter can range from 0.03 to 0.10 for natural sediments based on
particle shape, angularity, gradation and imbrication. (0.05 for and sizes provides
reasonable results, 0.03 for gravel and cobble sizes).

_yn?v?
to = 14862 R1/3
Where.

n — Manning roughness coefficient
v — Average channel velocity, ft/s
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R — Hydraulic radius, ft (approximately equal to the flow depth (y) for many natural
channels.)

Armoring occurs when the hydraulic forces are sufficient to move a portion of the bed
material but insufficient to move the larger sizes. Under these conditions, the smaller
material is transported and removed from the bed leaving the coarse material or an armor
layer. Armor layers often form in gravel bed rivers during the recession of floods. These
armor layers may be disturbed during the next major flood and re-form during the flood
recession.

The incipient motion equation can be used to determine the critical size of material that
can resist a particular hydraulic condition. If at least five percent of the material is larger
than the critical size (D95 or smaller), armoring can occur.

1
Vs = ya(FC - 1)

vy, — Depth of degradation or scour required to form the armor layer, ft

V. — Thickness of the armor layer, ft

P. — Percent of material coarser than the critical particle size expressed as
a decimal fraction

The thickness of the armor layer ranges from one to three times the critical size (Dc)
determined from the Shields incipient motion relation. A minimum of two times the critical
size is required for a relatively stable armor layer.
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4 ANALYTICAL STUDIES

The statistical analysis of rainfall data is one of the most important analytical studies to be
carried out in any flood protection and storm drainage project, where rainfall is the main

element causing the flow in streams, and this is why this stu

dy was given maximum priority

from the compilation of data, study and detailed analysis, conducting a series of statistical
tests on them using the best means to deduce the designh storms, and developing the IDF
curves, for which design flows will be calculated. Figure 4-1 shows the average distribution

of the maximum daily rainfall depth values in Egypt.

z 26°0'0"E 28°00'E 30°00"E 32°0'0"E 34°0'0'E 36°0'0"E 38°0'0"E z
= LS
& ‘ &
L5 ™
- NORTH | .
o . o | o
o Average maximum daily o
8 } rainfall (1990-2020) 3
Source:
z CHIRPS dataset v2.0 z
o o
o =t
s 68.64 s
R m— .54 %
[ -
z z
o =
=] &
& Ij Egypt Governorates &
z z
o =
o Bl
T <
o N
z z
o =
o o
& &
N N

26°0'0"E 28°0I'0"E 30"0I‘0"E 32°0'0"E 34°0I'0"E

36°(]I'0"E 38°0l‘0"E

Figure 4-1: Distribution of average annual rainfall depth values over Egypt
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4.1 Meteorological Analysis

According to project location, the Station (Qena) is found near the study area as shown in
Figure 4-2 the records of this station will be utilized in further analysis. The maximum
recorded daily rainfall depth at Qena Station is 55.3 mm, which occurred in 1949.

Figure 4-3 present the maximum daily rainfall values recorded at Qena Station.

32"1‘5‘0"5 32‘29'0"E 32"2.5'0"5 32"3.0'0"5 32"3|5‘0"E 32’4?'0"E 32°4I5'0"E 32“59'0"E

25°56'4"N 26°1'6"N 26°6'8"N

25°51'2"N

o e N e An e KX T ';/ﬁ’,_,
z 52 bR R, ¢ . "_' - > G 0 ’
2 o i @enajStation %= ,{fj g
=7 > ¢ - # s A
ok v — B
~f N

26°6'8"N

25°51'2"N

Legend Drawing Title Scale
project location Rainfall Station 0 4 8 16 Kilometers 1 . 200 000
Rainrall Station_ : ,

Figure 4-2: Location of adjacent the rainfall station
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Qena Rainfall station Records
(9]
60
55
50
45
40
35
30 o
25 I S
20 = S
15 N - ;m &
10 Ab Enﬁ..u@ - yuid"
Po N N M P RS S N o obr
5 i""JC:O Igooooowoo o OOIIEI ggmggg “ﬂmﬁogg Noalo“gggmwmg
0 - I _ | . " -III- - 1 - R - 00 .
Figure 4-3: Maximum daily Rainfall during each year
e Bulletin 17 C was taken as a reference to analyses the station records.
e HEC-SSP software was used to apply the steps provided in the Bulletin 17 C and
identify the low outliers and the required depths for each return period.
e Log Pearson lll fitting was used to identify the Depths for each return period.
e This approach was taken to deal with the record gap from 1950 to 1970 and to
consider the 1949 historical event.
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Figure 4-4: Log Pearson lll fitting Curve for Qena Rainfall Station.
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Table 4-4-1: Rainfall Statistical Analysis Results for Qena Rainfall Station.

Returned Periods. Rainfall Depth (mm)
P 200 yr. 84.0 100.8
P 100 yr. 58.1 69.72
P 50 yr. 37.8 45.36
P 25 yr. 22.6 27.12
P 10 yr. 9.50 11.4
P5yr. 3.90 4.68

4.1.1 IDF curves

Intensity-Duration-Frequency (IDF) curves are fundamental tools in hydrologic and
hydraulic design, providing a statistical relationship between rainfall intensity, storm
duration, and frequency (return period). They are typically derived from long-term rainfall
records and are used to design stormwater infrastructure, flood protection measures, and
hydraulic structures.

In this study, IDF curves were developed using Bell's ratios method, which provides a
simplified empirical approach for estimating rainfall intensities across multiple durations
based on a known 24-hour depth. The Bell ratio technique relates shorter-duration rainfall
depths to the 24-hour depth through dimensionless ratios, ensuring consistency across
durations and allowing for practical application where continuous high-resolution data may
be limited.

Recognizing the potential impacts of climate change on extreme rainfall, an additional set
of IDF curves has been developed by applying a 20% increase to the design storm depths.
This adjustment reflects projected intensification of rainfall extremes and provides a more
conservative basis for design, ensuring resilience of hydraulic and stormwater systems
under future climatic conditions.

Accordingly, two sets of IDF curves are presented:

1. Baseline IDF curves - derived using Bell ratios and historical rainfall data. (Figure
4-5)

2. Climate-adjusted IDF curves - developed by applying a 20% increment to storm
depths, to account for climate change impacts. (Figure 4-6)

These parallel curves enable comparison between current design standards and future-
resilient design considerations, supporting decision-makers in adopting robust and
adaptive stormwater management solutions.

Table 4-2: Bell's Ratio

Duration (min.) 10 20 30 60 120 180 360 720 1440

Bell's Ratios 0.28 0.39 0.46 0.60 0.77 0.81 0.87 0.93 1.00
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Table 4-3: Tabulated IDF Values for baseline Curves
Duration (min.)
Return period 10 20 30 60 120 180 360 720 1440
100 yrs 96.27 67.14 53.25 34.96 22.44 15.60 | 8.38 | 4.50 2.42
50 yrs 62.63 43.68 34.65 22.75 14.60 10.15 545 | 2.93 1.58
25 yrs 37.45 26.11 20.71 13.60 8.73 6.07 3.26 | 1.75 0.94
10 yrs 15.74 10.98 8.71 5.72 3.67 2.55 1.37 | 0.74 0.40
5yrs 6.46 4,51 3.57 2.35 1.51 1.05 0.56 | 0.30 0.16
Table 4-4: Tabulated IDF Values for Modified Curves with climate impact
Duration (min.)
Return period 10 20 30 60 120 180 360 720 | 1440
100 yrs 115.52 80.56 63.90 | 41.95 26.92 18.72 10.06 | 5.40 | 2.91
50 yrs 75.16 52.41 41.57 27.30 17.52 12.18 6.54 3.52 | 1.89
25 yrs 44.94 31.34 24.86 16.32 10.47 7.28 3.91 210 | 1.13
10 yrs 18.89 13.17 10.45 6.86 4.40 3.06 1.64 0.88 | 0.48
5yrs 7.75 541 4.29 2.82 1.81 1.26 0.68 0.36 | 0.20
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IDF CURVES FOR QENA SATION
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Figure 4-5: 1. Baseline IDF curves — derived using Bell ratios and historical rainfall data
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Figure 4-6:2. Climate-adjusted IDF curves — developed by applying a 20% increment to
storm depths
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4.2  MORPHOLOGICAL ANALYSIS

Morphological studies and identification of streams and drainage basins affecting the
boundaries of the study area were performed using the SRTM reviewed previously in this
report on ArcGIS software. Figure 4-7 shows a general overview of the streams affecting the
whole project area and from which the effective watersheds will be determined, while Figure
4-8 shows the effective watersheds in the study area projected on a Satellite image.

The topographic maps and recent satellite images were used to check the results of the
software and determine the main effective watersheds. Topographic maps are widely used
in determining the paths of streams in various areas, especially in areas that are not
accessible. The names of major streams can be identified through the maps showing the
names in each region and also the topographic maps show the elevations and contour
lines, which are used in the identification of streams and watercourses in areas where
there is no clear stream path and also used to determine the different morphological
characteristics of all catchments (boundary, area, longest flow path, slope, shape, time of
concentration, ... etc.).

Also, the topographic maps show some important elements such as roads, power lines
and others.
Figure 49 shows the main streams and the main watersheds affecting the study area
verified using topographic maps, while Table 4-4 shows the morphological characteristics
of the watersheds affecting the project boundaries.

Table 4-5: Morphological parameters of watersheds affecting the project boundary

Wal\tlershed Area (km2) | LFP (m) Time of cor]centration Lag Fime
ame (min) (min)
Subbasin-1 1.94 5966 86 51
Subbasin-2 0.23 1643 36 21
Subbasin-3 0.93 3575 63 38
Subbasin-4 7.86 8328 95 57
Subbasin-5 0.35 2332 42 25
Subbasin-6 2.34 5623 62 37
Subbasin-7 0.22 1707 28 17
Subbasin-8 0.81 2682 34 20
Subbasin-9 0.25 1430 15 9
Subbasin-10 1.03 2803 31 18
Subbasin-11 15.98 11367 140 84
Subbasin-12 0.45 2395 26 16
Subbasin-13 0.31 1955 22 13
Subbasin-14 0.60 2221 25 15
Subbasin-15 0.46 2437 29 18
Subbasin-16 1.34 3695 43 26
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Figure 4-7: Streams and Watersheds affecting the study area draped over DEM
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Figure 4-8: Streams and Watersheds affecting the study area draped over a satellite image
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Figure 4-9: Main watersheds and Streams affecting the study area draped over topographic maps
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4.3 HYDROLOGICAL ANALYSIS

Hydrological studies represent the foundation for the selection of Flood protection works.
Meteorological, morphological, geological and by considering design storms and their
distribution are considered as the input to the hydrological study, the maximum flow and
flow hydrograph is the main output of the hydrological study, which is used in the hydraulic
design of flood protection works.

4.3.1 Design Storm

SCS Storm Type Il has been used extensively worldwide, providing logical and safe
maximum discharge values, as it relies on concentrating the bulk of precipitation in a short
time. Figure 4-11 shows the Distribution of a storm in an SCS Storm type Il method for 24
hours.
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Figure 4-11: Distribution of SCS type Il storm for 24 hours

To calculate the maximum discharge of the flood the SCS Method was used for watersheds
with areas greater than or equal to 100 hectares to avoid the high discharges resulting
from the use of the Rational method for the large watersheds, so don't lead to large the
flood protection works than necessary.

The HEC-HMS program will be used to calculate the peak discharge from drainage basins
larger than 0.8 km2, based on a 100-year return period with an additional 20% climate
change allowance. The analysis will apply a 24-hour design storm using the SCS Type |l
distribution, which is considered most suitable for dry regions. For watersheds smaller
than 0.8 km2, the Rational Method (implemented via Excel) will be used to estimate the
peak discharge for the 100-year return period. Table 4-3 presents the results of the
hydrological analysis.

In the absence of a universally agreed-upon multiplier, planning and vulnerability
assessments often use predetermined scenarios to test the resilience of infrastructure. A
+10% and + 20% change in rainfall is a standard range used in some major
assessments. The "Development and Climate Change in Egypt: Focus on Coastal
Resources and the Nile" report (and related documents which is part of the UNDP-
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GEF/SCCF Project) mentions that for the Egypt Country Study, climate change scenarios
were examined for changes in rainfall of £10% and £ 20% alongside temperature
changes. This demonstrates that a + 20% change is recognized_and accepted.

While general annual rainfall may be projected to decrease in some areas of Egypt (like
the north coast) or remain uncertain, many climate models and studies agree on an
increase in the intensity and frequency of extreme rainfall events, which are critical for
design storm calculations.

» Nashwan and Shahid (2022) (Source)

This study, focusing on the future precipitation changes in Egypt using CMIP6
multimodel ensemble for 1.5°C and 2°C warming scenarios, projected a significant
regional increase. It showed an increase in precipitation in the northern high
precipitation region by 37% and 54% for the SSP1-1.9 1.5°C and SSP1-2.6 2.0°C
scenarios, respectively, at the end of the century (2081-2100). The 20% value is an
intermediate, more conservative value compared to the maximum projected increases
for the northern regions which are prone to flash floods.

» Alexandria-Specific Analysis (Source)

A study assessing the impact of climate change on urban heavy rainfall extremes in
Alexandria (which is particularly vulnerable) found that for a return period of one year, the
variation in daily extreme rainfall intensities ranged from a 12% decrease to a 22%
increase, suggesting that an increase in the 20% range is within the model-predicted
variability for extreme events in a critical area.

Following a visual inspection of the watersheds affecting the study area—using satellite
imagery, landform maps, topographic maps, and land cover data—the runoff curve number
(CN) was determined by calculating a weighted average, interpolated from Figure 4-10.

Table 4-6: Results of hydrological study for catchments affecting the project boundary

Watershed Area LFP con-lt—:i;?rgzion Lag time Calculation CN/C discharge
Name (km2) (m) (min) (min) method (m3/sec)
Subbasin-1 1.94 5966 86 51 SCS 79 5.70
Subbasin-2 0.23 1643 36 21 Rational 0.45 1.63
Subbasin-3 0.93 3575 63 38 Rational 0.45 4.69
Subbasin-4 7.86 8328 95 57 SCS 79.5 22.00
Subbasin-5 0.35 2332 42 25 Rational 0.45 2.26
Subbasin-6 2.34 5623 62 37 SCS 80.5 9.60
Subbasin-7 0.22 1707 28 17 Rational 0.45 1.80
Subbasin-8 0.81 2682 34 20 Rational 0.45 6.05
Subbasin-9 0.25 1430 15 9 Rational 0.45 2.89
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Wt | s | e | concenuanon | Ligtime | Caeeton | oy | dechege
Subbasin-10 1.03 2803 31 18 SCS 84.6 8.90
Subbasin-11 | 15.98 | 11367 140 84 SCS 81.5 37.80
Subbasin-12 0.45 2395 26 16 Rational 0.55 4.72
Subbasin-13 0.31 1955 22 13 Rational 0.55 3.60
Subbasin-14 0.6 2221 25 15 Rational 0.55 6.60
Subbasin-15 0.46 2437 29 17.54 Rational 0.55 4.53
Subbasin-16 1.34 3695 43 26 SCS 77 5.60

The figures below show the generated hydrographs for each catchment corresponding to

the 100-year return period.
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Figure 4-15 Hydrograph for Subbasin-16
4.3.2 HYDRAULIC ANALYSIS

HEC-RAS 2D 6.3 software was used to build up a complete 2D hydrodynamic model to
perform the flood inundation analysis required to identify the inundated locations which
are subjected to the risk of flood hazards using the discharge hydrographs produced from
the hydrological analysis.

The HEC-RAS software is a powerful tool for performing 2D simulations of water behavior
across various terrains. It incorporates two main sources of water:

1. External inflow - generated from streams entering the study area, represented as
line-source boundary conditions that produce inflow hydrographs.

2. Direct precipitation - rainfall applied over the model domain, which then moves
across the terrain, following natural drainage paths and accounting for elevation
changes as well as potential outflows beyond the domain boundaries.

Using the results of these simulations, optimal protection and mitigation solutions for the
study area can be developed.

For this study, a 2D hydrodynamic model was developed using the available terrain data
for the study area. The model was built on a high-resolution DEM with a grid size of 4.5 m
x 4.5 m, covering the study area with the surrounding catchments. This resolution was
sufficient to capture the accurate flow paths and to assess the effectiveness of the
proposed mitigation measures.
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The DEM was processed within HEC-RAS Mapper, where an appropriate mesh size in
Cartesian coordinates was defined. To account for spatial variability, landcover and Curve
Number (CN) data were incorporated into the model, allowing differentiation of soil
infiltration characteristics and Manning’'s roughness coefficients between wadis and
floodplains.

The results of the 100-year return period simulation show the distribution of water depths
within and around the study area are shown in Figure 4-17, Figure 4-18, Figure 4-19, and
Figure 4-20. These results confirm that there is no extreme risk from surrounding streams
bypassing the site. The simulations also provide a reliable representation of the floodwater
flow paths and validate the proposed mitigation measures.

4.3.3 Results analysis and discussion

The hydrological and hydraulic modeling results provide a comprehensive understanding
of the flood behavior within the Dandarah solar farm area. Both HEC-HMS and HEC-RAS
models were utilized to assess runoff generation and flood propagation, respectively. The
comparison between the two models highlights the influence of local terrain features,
particularly the presence of natural depressions, on the resulting flood discharges and
flow patterns.

The HEC-HMS rainfall-runoff model was applied at the sub-basin scale to estimate peak
discharges for different return periods. The model assumes idealized overland flow with
limited consideration of local storage or depression effects within the catchments.
Consequently, the simulated peak discharges from HEC-HMS are relatively high,
especially for the upper sub-catchments where micro-topographic storage plays a
significant role in attenuating flows.

In contrast, the hydrodynamic model (HEC-RAS 2D) integrates the actual terrain
characteristics derived from the processed high-resolution DEM, which explicitly
represents local depressions, flow constrictions, and minor undulations. These features
act as natural detention zones, reducing the runoff volume and attenuating the flow
peaks as water is temporarily stored before propagating downstream. Therefore, the
discharges simulated by HEC-RAS are notably lower and are considered more
representative of the actual flood response under existing topographic conditions.

To quantify this difference, the most critical sub-basins (Figure 4-21)—selected based on
their relative size and peak discharge magnitude—were compared. As shown in Table 4-7

, HEC-HMS consistently predicts higher peak discharges than HEC-RAS, emphasizing the
role of topographic storage in moderating the flood hydrographs.

The HEC-RAS hydrodynamic model was further used to simulate flood depths and
velocities for various return periods at the project boundary. The results (summarized in
Table 4-8) show that:

For low to moderate return periods (5, 10, and 25 years), no significant surface flow
reaches the project boundary, confirming that the upstream catchments have limited
runoff potential under typical storm conditions.
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For extreme flood events (50 and 100 years), localized shallow flow accumulation is
observed mainly along the natural drainage paths, with limited spatial extent and low
hydraulic energy.

For the extreme 200-year return period, the maximum simulated water depth and
velocity at the project boundary are approximately 1.26 m and 1.6 m/s, respectively.
These values represent the upper bound of potential flood impacts under highly
conservative rainfall assumptions.

The comparative analysis indicates that HEC-HMS provides conservative upper-limit
discharge estimates, while HEC-RAS offers a more realistic representation of the actual
floodplain behavior. The presence of natural depressions significantly mitigates flood risk
to the project area. Consequently, the site does not require a positive (channels or dykes)
drainage system, as the modeled overland flow dissipates naturally within the existing
topography.

Instead, flood hazard and risk maps will be developed to delineate the potential flow
paths and identify critical low-lying locations that may be exposed during extreme events.
These maps will guide the planning of infrastructure layout, equipment platforms, and
access roads to ensure flood-resilient design.

In summary, the hydrological and hydrodynamic analyses confirm that:

e Local depressions play a key role in attenuating runoff and reducing flood peaks.

e The 200-year event represents the threshold for minor inundation at the project
boundary.

e The site is generally safe from external flood hazards under realistic design
conditions.

e Future design considerations should focus on avoiding localized low points and
maintaining natural flow paths for effective surface drainage.
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Table 4-7: HEC HMS Discharges Vs. HEC RAS discharges

Subbasin-4 0.00 0.00 0.00 0.00 0.40 0.00 4.40 0.50 22.00 6.10 31.80 8.10
Subbasin-6 0.00 0.00 0.00 0.00 0.20 0.00 2.10 0.15 9.60 2.60 13.70 5.50
Subbasin-10 0.00 0.00 0.00 0.00 0.50 0.02 2.60 0.55 8.90 4.10 12.00 8.90
Subbasin-11 0.00 0.00 0.00 0.00 1.30 0.01 9.00 0.60 37.80 7.80 53.30 25.50

Table 4-8: HEC RAS insights

Subbasin-4 0.00 0.00 0.00 0.00 0.30 0.24 0.54 0.36 0.78 0.86 0.89 0.79
Subbasin-6 0.00 0.00 0.00 0.00 0.10 0.15 0.20 0.80 0.35 1.20 0.40 0.96
Subbasin-10 0.00 0.00 0.00 0.00 0.40 0.41 0.57 0.47 0.88 0.61 1.18 1.00
Subbasin-11 0.00 0.00 0.00 0.00 0.71 0.32 0.91 0.45 1.10 0.87 1.38 1.30
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Figure 4-17: Flood inundation and Water depth In Study Area for existing conditions from the detailed model
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Figure 4-18: Flood inundation and Water depth greater than 10cm In Study Area for existing conditions from the detailed model
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Figure 4-19: Flood inundation and Water depth greater than 20cm In Study Area for existing conditions from the detailed model.
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Figure 4-20 Water Velocity in Study Area for existing conditions from the detailed model
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Figure 4-21 Most critical sub-basins for quantify assessment
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5 CONCLUSION & RECOMMENDATION

In order to promote sustainability and cost efficiency, no structural protection works are
planned for the Solar Project site. Such works would be financially costly and
environmentally intrusive. Instead, a hazard mapping study will be carried out to identify
areas with potential risks (e.g., flooding, erosion, or other hazards). Based on this hazard
map, the placement of Solar Panel will be carefully optimized to avoid high-risk zones,
ensuring both safety and long-term sustainability of the project.

5.1HAZARD ASSESSMENT

The guidelines produced by the Department for Environment, Food & Rural Affairs (DEFRA)
entitled 'Flood and Coastal Defense Assessment Guidelines' have been used to conclude
hazard maps according to the following equation:

HR=dx(v+ 0.5) + DF
Where.
(v): Velocity of flow water (m/sec)
(d): Depth of flow water (m)

(DF): A factor that expresses the percentage of suspended solids in stream water,
determined from the Table 5-1

Table 5-1:Guidance on the factor (DF) for various flood depths, velocities and prevailing land uses

Depth (m) ‘ Bushes Forests Urban
0t0 0.25 0 0 0
0.251t0 0.75 0 0.5 1
d>0.75 &/or v>2 0.5 1 1

DEFRA FD2321/TR1 does not provide a specific class for all land uses; therefore, the
debris factor (DF) has been adapted by analogy to the predominant land cover in the study
area. Open desert and cultivated floodplain are treated as Pasture/Arable (open terrain
with limited debris potential), while palm groves and shelterbelts correspond to Woodland.
Built-up areas, storage yards, and bridge or culvert buffers are assigned Urban values.
Wadi corridors and crossings are considered high-debris pathways, with DF values
reaching 1.0 when depths exceed 0.75 m or velocities exceed 2 m/s. This approach
captures the characteristic debris sources in Qena—such as cobbles and boulders in
wadis, agricultural residues on the floodplain, and movable objects in urban and industrial
areas—while remaining consistent with the DEFRA hazard rating framework. Accordingly,
the debris factors for the study area land uses are summarized in Table 5-2.
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Table 5-2: DF factor for the study area

Wadi .
Open Desert / Palm Groves / Urban / Villages
Depth / Cultivated Floodplain Orchards Chgnnel§/ / Roads / Yards
Velocity Gullies (High-
(Pasture/Arable (Woodland . (Urban
Band equivalent) equivalent) debris equivalent)
9 q corridors) 9
0 ‘rg'25 0.0 0.0 0.0 0.0
0.25 -
0.75m 0.0 0.5 0.5 1.0
d>0.75
m and/or 0.5 1.0 1.0 1.0
v>2m/s

Table 5-3:hazard rating values (HR) classification according to DEFRA guidelines

Hazard Rating | Category Description
(HR)
<0.75 Low Hazard Caution - generally safe for people, minimal
impact on structures
0.75 - 1.25 Moderate Dangerous for some (children, elderly), risk to light
Hazard structures
1.25-2.0 Significant Dangerous for most people, potential for asset
Hazard damage
>2.0 Extreme Hazard | Dangerous for all, major risk to safety and
infrastructure

For Solar Project context, the hazards category translates into:
o Low: Panel foundations remain stable, minor nuisance flooding to access roads.
¢ Moderate: Some access disruption, potential minor scour at cable trenches.
o Significant: Risks to substation platforms, scour around panel foundations and
access tracks.
o Extreme: Threat to structural stability of panel foundations, substations, and buried
power cables.

This classification was used to produce hazard maps for 100 years return period event
and to guide the selection of suitable locations for Solar panel, ensuring avoidance of high-
risk zones and supporting the project’s sustainability objectives.
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Figure 5-1: Risk Map of 100 year return period event based on DEFRA risk classification system
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5.2SCOUR CALCULATION

Scour depth is one of the most critical parameters in assessing erosion hazards around
hydraulic and structural works. It refers to the vertical lowering of the bed level caused by
flowing water removing soil or sediment. In risk assessments, scour depth is often
expressed relative to the foundation depth of a structure, since this ratio directly
indicates the potential for structural instability. Shallow scour may pose limited concern,
but when scour depth approaches or exceeds the embedment depth of foundations, the
risk of structural compromise rises significantly. For solar projects, this parameter is
particularly important for panel foundations, substations, and buried cable crossings,
where excessive scour could undermine stability, expose utilities, or lead to costly
failures. By categorizing risk levels according to relative scour depth, engineers can
evaluate where protective measures such as riprap armoring, bed stabilization, or deeper
foundation design are necessary.

For solar installations, scour risk is mainly associated with erosion of soil around panel
foundations, substations, access roads, and buried cable routes. The risk is governed
by::

Hydraulic conditions (flow depth, velocity, turbulence, shear stress).
Soil properties (cohesive vs. hon-cohesive, grain size, erodibility).
Foundation design (shallow vs. deep, armoring).

Channel geometry (culverts, crossings, drainage features).

Several studies (Chow 1959; Melville & Coleman 2000; Lagasse et al. 2001 - HEC-18,
and HEC 20; Breusers & Raudkivi 1991) classify scour based on flow velocity relative to
critical velocity, scour depth relative to foundation depth, or shear stress relative to critical
shear stress.

Scour depths were calculated based on HEC 20 equations as illustrated in section 3.5 by
assuming the following parameters:

Yy — Specific weight of Water = 62.4 [b/ft3
¥s — Specific weight of sediment = 2.65 * 62.4 = 165.36 Ib/ft3

k, — Dimensionless coefficient often referred to as the Shields parameter =0.05 for sand
according to Hydraulic Engineering Circular (HEC) no. 20

n — Manning roughness coefficient =0.04 as scour area at culvert alignment consists of
sand and gravel

Y, — Thickness of the armor layer, ft (=2D)

P. —» Percent of material coarser than the critical particle size (D;) = 20%
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Table 5-4:Scour Depth-Based Risk

Scour Relative Scour Depth | Description

Risk (ys / Df)

Low <0.25 Scour shallow compared to foundation
embedment.

Moderate | 0.25 - 0.5 Scour depth may expose parts of shallow
foundations or cable trenches.

High 05-1.0 Scour depth approaches foundation depth;
structural risk possible.

Critical >1.0 Scour exceeds foundation embedment; severe

failure risk.

The scour risk was mapped in Figure 5-3 by considering the typical foundation depth (Df)
of 2-3 meters (critical depth shall be 2m) used for Solar panels.
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Figure 5-2: Scour Map of 100 years return period event
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5.3Conclusion

The hydrological assessment indicates that local topography and hydraulic conditions
influence flood hazard and scour potential across the project area. In this case, the hazard
severity ranges from low to moderate. Terrain variations and concentrated surface flows
cause slight increases in water depths and velocities, which correspond to low—moderate
hazard ratings under the DEFRA classification system. These zones pose limited threats to
public safety and infrastructure resilience.

Based on the hazard category and project element, the recommendations are as follows:

o Solar Panel Foundations (Array Pads): Can be installed within low—moderate
hazard areas with basic precautions (e.g., adequate foundation embedment, localized
drainage).

e Inverter Stations & Substations: May require minor flood protection such as
surface grading, drainage improvement, or modest elevation in moderate hazard
zones.

e Access Roads & Service Tracks: Standard crossings are acceptable, but regular
inspection and maintenance are necessary to prevent localized scour.

e Buried Cables & Transmission Lines: Should be installed at appropriate depths
with protective layers (e.g., sand bedding, warning tape, or armoring) in zones with
moderate flow velocities.

From a scour perspective, relative scour depth remains an indicator of structural stability. In
this case, observed scour depths are less than typical foundation embedment depths, which
means the scour risk is low to moderate and unlikely to significantly affect solar farm
components such as panel foundations, inverter/substation platforms, access roads, or buried
cables.

Thus, scour depth-based risk assessment suggests good infrastructure stability. The
classification links flow velocity, shear stress, and relative scour depth to practical risk levels,
which fall in a low to moderate range suitable for the solar project’s conditions.
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Table 5-5: scour risk category

Risk Flow Shear Relative Scour | Interpretation
Zone Velocity Stress Depth (ys / Df)
(m/s) (N/m?2)

Green - <05 <2 < 0.25 (25%) Stable conditions; minimal scour risk to

Low panel foundations and cables.

Yellow - | 0.5 - 1.0 2-5 < 0.5 (50%) Localized scour possible at access

Moderate roads, culverts, and shallow cable
trenches.

Orange- | 1.0-2.0 |5-10 < 1.0 (100%) Significant scour around foundations

High and substations; mitigation (e.g., riprap,
armoring) required.

Red - >2.0 >10 > 1.0 (>100%) | Severe scour exceeding foundation

Critical embedment; siting of

panels/substations should be avoided.

By combining DEFRA hazard ratings with scour risk categories, the assessment provides
a robust framework for identifying critical risk zones. Mitigation measures—such as
improved drainage around solar pads, adequate foundation embedment, protective
armoring for substations, bed stabilization for service crossings, and careful siting of
major electrical infrastructure—will be essential to safeguard the solar project’s assets

and ensure long-term resilience.
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1.

Background and Methodology

Critical habitat (CH) refers to the most sensitive biodiversity features in a
defined area, regardless of whether these habitats are natural or modified.
Both EBRD PR6 and IFC PS6 have similar criteria for defining critical habitat.

In this respect, a CH is an area with high biodiversity value, which meets at least

one of the following criteria (EBRD, 2019):

(i)  Highly threatened or unique ecosystems;

(ii)  Habitats of significant importance to endangered or critically endangered
species;

(iii) Habitats of significant importance to endemic or geographically
restricted species;

(iv) Habitats supporting globally significant migratory or congregatory
species; or

(v)  Areas associated with key evolutionary processes.

The occurrence of the above features does not automatically qualify a habitat
as critical, and this is dependent on the proportion of such a CH-triggering
species/feature being present in a project area. Numerical thresholds are
applied to the first four critical habitat criteria to determine whether any of the
species/features are likely to qualify habitats as critical, while there are no
numerical thresholds for Criterion v. In this respect, the best available scientific
information and expert opinion should be used to guide decision-making with
respect to the relative “criticality” of a habitat in these cases.

EBRD PR6 also considers Priority Biodiversity Features (PBF), which are

features that are considered particularly irreplaceable or vulnerable, but at a

lower priority level than critical habitats. On the other hand, PBF are not

considered in IFC PS6. PBF include:

(i)  Threatened habitats;

(ii)  Vulnerable species;

(iii)  Significant biodiversity features identified by a broad set of stakeholders
or governments; and

(iv) Ecological structure and functions needed to maintain the viability of
priority biodiversity features.

The list of all features identified should be tested against the
criteria/thresholds described in Table 1 to determine whether they satisfy the
criteria and conditions to be deemed priority biodiversity features or critical
habitat.

Environics October 2025
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Table 1: Criteria and conditions for identifying priority biodiversity features and critical habitats

Criterion

Priority Biodiversity Feature

Critical Habitat

Priority ecosystems

Threatened ecosystems

(a) Habitats listed in Annex 1 of
EU Habitats Directive (EU
members only) or
Resolution 4 of Bern
Convention (signatory
nations only)

(b) IUCN Red-List EN or CR
ecosystems

(PR6 para. 12-i)

(a) EAAA s habitat type listed in
Annex 1 of EU Habitats
Directive or Resolution 4 of
Bern Convention

(b) EAAA < 5% of the global
extent of an ecosystem type
with IUCN status of CR or EN

(a)

(b)

(c)

(PR6 para. 14-i)

EAAA is habitat type listed in
Annex 1 of EU Habitats
Directive marked as “priority
habitat type

EAAA 25% of global extent of
an ecosystem type with IUCN
status of CR or EN

EAAA is ecosystem determined
to be of high priority for
conservation by national
systematic conservation
planning

Priority Species and their Habitats

Threatened species

(a) Species and their habitats
listed in EU Habitats
Directive and Birds Directive
(EU members only) or Bern
Convention (signatory
nations only)

(b) IUCN Red List EN or CR
species

(c) IUCN Red List VU species

(d) Nationally or regionally
(e.g., Europe) listed EN or
CR species

(PR6 para. 12-ii)

(a) EAAA for species and their
habitats listed in Annex Il of
Habitats Directive, Annex | of
Birds Directive, or Resolution
6 of Bern Convention

(b) EAAA supports < 0.5% of
global population OR <5
reproductive units of a CR or
EN species.

(c) EAAA supports VU species

(d) EAAA for regularly occurring
nationally or regionally listed
EN or CR species

(a)

(b)

(c)

(d)

(PR6 para. 14-ii)

EAAA for species and their
habitats listed in Annex IV of
the Habitats Directive (See EU
restrictions)

EAAA supports 2 0.5% of the
global population AND = 5
reproductive units of a CR or EN
species

EAAA supports globally
significant population of VU
species necessary to prevent a
change of IUCN Red List status
to EN or CR, and satisfies
threshold (b)

EAAA for important
concentrations of a nationally
or regionally listed EN or CR
species

Range-restricted species

(PR6 para. 12-ii)

(a) EAAA for regularly occurring
range-restricted species

(a)

(PR6 para. 14-iii)

EAAA regularly holds > 10% of
global population AND > 10
reproductive units of the
species

Migratory and congregatory
species

(PR6 para. 12-ii)

(a) EAAA identified per Birds
Directive or recognized
national or international
process as important for
migratory birds (esp.
wetlands)

(a)

(b)

(PR6 para. 14-iv)

EAAA sustains, on a cyclical or
otherwise regular basis, > 1
percent of the global
population at any point of the
species’ lifecycle

EAAA predictably supports 210
percent of global population
during periods of
environmental stress
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Some criteria have no predetermined conditions (that is, PR6 paragraphs 12-iii
“significant biodiversity features identified by a broad set of stakeholders or
governments”, 12-iv “ecological structure and functions needed to maintain
the viability of priority biodiversity features”, and 14-v “areas associated with
key evolutionary processes”). For these criteria, the assessment must rely on
expert judgement.

2. Ecologically Appropriate Area of Analysis

The scale at which a CH determination takes places depends on underlying
ecological processes for the habitat in question and is not limited to the project
site boundaries or its Area of Influence (Aol).

Paragraph GN59 of IFC Guidance Note 6 (IFC, 2019) states: “the project should
identify an ecologically appropriate area of analysis (EAAA) to determine the
presence of critical habitat for each species with regular occurrence in the
project’s area of influence, or ecosystem, covered by Criteria 1-4. The client
should define the boundaries of this area taking into account the distribution
of species or ecosystems (within and sometimes extending beyond the project’s
area of influence) and the ecological patterns, processes, features, and
functions that are necessary for maintaining them”.

Accordingly, the potential presence of CHs is assessed based on an EAAA,

which extends beyond the project footprint and its Aol. The EAAA (Figure 1) is

delimited as follows:

- ltincludes the project footprint and its Aol;

- Itincludes the extension of the site’s single habitat type;

- It extends northwards to the Giza — Luxor Road,;

- It extends eastwards within the same habitat for a distance of 4 km from
the borders of the project’s Aol ; and

- It extends westwards to the main road and includes the nearby modified
habitats (wastewater treatment plant, power sub-station and industrial
areas); and

- It extends southwards to the mountain foothills (excluded).

Excluding the industrial area, power sub-station and the wastewater treatment
plant, the EAAA is entirely composed of a natural desert habitat and covers a
large area of around 63.37 km2. This area is wide enough to determine the
presence of critical habitat for each species with regular occurrence in the
Project’s Aol or ecosystems (including those extending outside the boundaries
of the project’s Aol) covered by Criteria 1-4, as stated in paragraph GN59 of IFC
Guidance Note.

Environics October 2025
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3.

3.1

3.1.1

3.1.2

3.1.3

3.14

3.2

Priority Biodiversity Features

Identification of Potential PBF Triggering Species and/or Features

Criterion i: Threatened habitats
The EAAA does not include any IUCN Red-List EN or CR ecosystem and
therefore this criterion does not apply.

Criterion ii: Vulnerable Species

The following species might qualify the area as PBF;

- The Desert Monitor (Varanus griseus) is globally listed as LC and nationally
categorized as a NT species. However, it could currently possibly qualify as
VU as the NT status was assessed by Baha El Din in 2006. Therefore, it is
herein considered using the precautionary approach;

- The Egyptian Vulture (Neophron percnopterus), which is threatened both
at the regional (Mediterranean) level (VU) and the global level (EN); and

- Rippel's Pipistrelle (Pipistrellus rueppellii), which is globally classified as LC
but is VU at the national level (Basuony et al., 2010).

Criterion iii: Significant Biodiversity Features identified by a Broad Set of
Stakeholders or Governments

The EAAA does not include any biodiversity features (such as Protected Areas,
Key Biodiversity Areas, Important Bird Areas or any other significant feature)
and, therefore, this criterion does not apply.

Criterion iv: Ecological Structure and Functions needed to maintain the
Viability of Priority Biodiversity Features

The biodiversity features that trigger PBF are part of ecosystems that are
underpinned by ecological patterns, processes, and functions, which need to
be maintained in order for those features to persist.

Birds and other VU species are thus not dependent on any specific ecological
functions or processes in the EAAA. Therefore, this criterion does not apply.

PBF Screening Exercise

Identified potential PBF triggering species/features have been evaluated to
verify if they qualify the EAAA (or part of it) as PBF. To facilitate decision-
making, thresholds have been defined for the first two PBF criteria (see Table
below), while there are no thresholds for Criteria Ill and IV.

In Criterion Il, the PBF thresholds also consider CR and EN species, although the
criterion mentions VU species only. These thresholds are less stringent than
those applied to qualify an area as CH. In this respect, in addition to VU species,
CR and EN species are also screened against the PBF thresholds.

Environics October 2025
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Accordingly, the Fennec Fox (Vulpes zerda), categorized as LC at the global and
Mediterranean levels, but nationally classified as EN (Basuony et al., 2010) is
also screened against the PBF thresholds.

Results of the screening process for each of the PBF criteria are shown in Table
2.

3.3 Results of the PBF Screening Exercise

Four species have been identified as PBFs. Although the EAAA cannot be
considered to “support” these species, they might occur in the area (at least as
vagrants) and are herein considered PBFs using a precautionary approach.
These are:

- The Desert Monitor (Varanus griseus);

The Egyptian Vulture (Neophron percnopterus);

Rippel's Pipistrelle (Pipistrellus rueppellii); and

- The Fennec Fox (Vulpes zerda).

Environics October 2025
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Table 2: Screening of PBF triggering species and features potentially present within the project’s EAAA
H:\:’;teat Qualifies
Relevant thresholds Species / feature Rationale L. as PBF
within the (Yes/No)
EAAA
CRITERION | =THREATENED HABITATS
(a) EAAA < 5% of the global
extent of an ecosystem No IUCN Red-List EN or CR | The ecosystems of the EAAA do not meet the definition for this criterion and 3:2:?? No
type with IUCN status of | ecosystem is present therefore, the threshold is not applicable. land
CRor EN
CRITERION Il — VULNERABLE, ENDANGERED AND CRITICALLY ENDANGERED SPECIES
Widespread throughout much of the country, avoiding extensive mountainous
areas, as well as the Nile Valley and Delta proper. Particularly common along
(a) EAAA supports < 0.5% of the Red Sea and the Mediterranean coastal plains, at the margins of the Nile
global population OR < 5 Valley and Delta, in the oases and depressions of the Western Desert. In Sinai,
reproductive units of a Desert Monitor (Varanus it is widespread in the north, but in the south it is largely confined to the Gulf
CR or EN species. griseus) _?}f]Suez C?aSt; ) ) ) )
(b) EAAA supports VU _ IUCN global status: LC e spgues is mostly found in dfesert plains and. Iargg wadis with sqme Barren
species _ National status NT Yegetatlon cover. Althf)ugh the species prefer areas.W|th fairly gqod vegetation, | desert Yes
it can be found in regions almost completely devoid of vegetation, but where | land
(c) EAAA for regularly (Basuony et al., 2010); h )
. ood can be readily found.
occurring nationally or VU (expert opinion) Accordingly, the EAAA is neither located within its main regions of occurrence,
regionally listed EN or CR nor includes suitable habitat type. However, although the EAAA cannot be
species considered to “support” the species, the Desert Monitor is considered a PBF
due to its its potential national status as a VU species, using a precautionary
approach.
Environics October 2025
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Habi
:bliat Qualifies
Relevant thresholds Species / feature Rationale . y.p as PBF
within the (Yes/No)
EAAA
A very preliminary estimate of the global population size is 12,400-36,000
mature individuals, roughly equating to 18,600-54,000 individuals, although
further validation of this estimate is needed (BirdLife International, 2021). The
total population in Egypt was estimated at 10-100 pairs in the 1980s but recent
. reports suggest there are currently fewer individuals (Arkumarev et al., 2019),
Egyptian Vulture . . .
(Neophron percnopterus) with recorded populations in Halayeb, Shalateen and Aswan and Gabal Elba Barren
(ElSafoury, 2020). The species’ distribution overlap with the EAAA, but there is
- IUCN global status: EN . . . . . desert Yes
. no expected intersection with the project footprint, as the area would not
- IUCN regional status . . . . . land
(Mediterranean): VU provide any feeding or resting advantage to the bird. Accordingly, the EAAA
' does not support < 0.5% of global population OR < 5 reproductive units of
Egyptian Vulture and is not an area where the species regularly occurs.
However, although the EAAA cannot be considered to “support” the species,
the Egyptian Vulture is considered a PBF due to its global status (EN) and its
regional status (VU), using a precautionary approach.
It is recorded in a broad strip in Egypt including all of the Nile Valley and Delta
Ruppel's Pipistrelle and extending to the Red Sea (but not in the south) and the westernmost part Barren
(Pipistrellus rueppellii) of the Sinai (Monadjem et al., 2017). Although potentially occurring within the desert Yes
- IUCN global status: LC area, the EAAA is not expected to support important numbers of the species.
. . . . . . land
- National status: VU However, the species is considered a PBF due to its national VU status, using a
precautionary approach.
In Egypt, the animal is mainly recorded from the Western Desert, including
Fennec Fox (Vulpes zerda) Fayoum, Wadi El Rayan, Wadi El Natrun, Saqqara, El Farafra, El Dakhla, El Kharga
- IUCN global status: LC and south-eastern Western Desert, with some isolated records from Sinai and | Barren
- IUCN regional status near Suez. Although possibly present, the EAAA neither supports globally | desert Yes
(Mediterranean): LC important concentrations of Fennec Fox nor nationally/regionally important | land
- National status: EN concentrations of the species. However, the Fennec Fox is considered a PBF due
to its national EN status, using a precautionary approach.
CRITERION Il — SIGNIFICANT BIODIVERSITY FEATURES IDENTIFIED BY A BROAD SET OF STAKEHOLDERS OR GOVERNMENTS
B
The EAAA does not include any biodiversity features identified by a broad set arren
NA None present L desert No
of stakeholders or government and, therefore, this criterion does not apply. land

Environics

October 2025



General

ESIA for Dandara PV Power Plant and BESS in Naga Hammadi — CH Screening 9
Habi
:bliat Qualifies
Relevant thresholds Species / feature Rationale . y.p as PBF
within the (Yes/No)
EAAA
CRITERION IV — ECOLOGICAL STRUCTURE AND FUNCTIONS NEEDED TO MAINTAIN THE VIABILITY OF PRIORITY BIODIVERSITY FEATURES
Barren
Birds and other VU species are not dependent on any specific ecological
NA None present functions or processes in the EAAA and, therefore, this criterion does not apply. l(l(;s;rt No
October 2025
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4,

4.1

4.1.1

4.1.2

Critical Habitat

Identification of Potential CH Triggering Species and/or Features

Based on their compliance with the definition of each criterion, potential CH
triggering species and/or features present or potentially present within the
project wider area (the EAAA) are identified as follows:

Criterion i: Highly Threatened and/or Unique Ecosystems

The IUCN has developed a system of quantitative categories and criteria,
analogous to those used for species, for assigning levels of threat to
ecosystems at local, regional, and global levels (IUCN, 2015b). Ecosystems that
fall within the EAAA and meet the definition of EN or CR according to IUCN are
assumed to comply with this criterion.

The ecosystems of the EAAA do not meet the definition of Highly Threatened
and/or Unique Ecosystems stated in IFC GN6 (IFC, 2019). Moreover, the EAAA
does not include any ecosystem determined to be of high priority for
conservation by national systematic conservation planning. Therefore, this
criterion does not apply.

Criterion ii: Critically Endangered and/or Endangered Species

Species threatened with global extinction and listed as CR and EN on the IUCN
Red List of Threatened Species shall be considered under this criterion.
Moreover, nationally! or regionally (e.g., Mediterranean) listed EN or CR
species are also considered.

There is only one globally EN bird species, namely the Egyptian Vulture
(Neophron percnopterus), with a distribution overlapping with the project
area, and thus potentially qualifying the area as critical habitat under this
criterion.

The Dorcas Gazelle (Gazella dorcas) is regionally categorized an EN species (at
the Mediterranean level), globally as VU and is probably CR in Egypt (based on
expert opinion). Nevertheless, it is worth nothing that the Project Site not only
lacks suitable foraging habitats but is also already disturbed by human
presence and activities. Accordingly, this species is highly unlikely to be
encountered onsite and vicinity (i.e., the EAAA) and therefore, it is excluded
from the assessment.

The Fennec Fox (Vulpes zerda) is categorized as LC at the global and
Mediterranean levels; however, it is nationally considered as EN species.

! Although Egypt does not have an official Red List for threatened species, local literature includes the
national status of some species. On the other hand, many of these references are not very recent and
require updates. Therefore, the status obtained from literature is sometimes modified to reflect the
actual status of animals, based on expert opinion.

Environics October 2025
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4.1.3

4.1.4

4.1.5

Criterion iii: Endemic and/or Restricted-range Species

Endemic and restricted range refers to a limited Extent of Occurrence (EOO)2.
For terrestrial vertebrates and plants, endemic/restricted-range species are
defined as those species that have an EOO less than 50,000 km?. None of the
species potentially present within the EAAA comply this definition and,
therefore, this criterion does not apply.

Criterion iv: Migratory and/or Congregatory Species

Migratory species are defined as any species of which a significant proportion
of its members cyclically and predictably move from one geographical area to
another (including within the same ecosystem). Congregatory species are
defined as species whose individuals gather in large groups on a cyclical or
otherwise regular and/or predictable basis.

There are 17 migratory soaring bird species with a likelihood of crossing over
the area. However, the Project Site is not an important location for migratory
birds, as indicated by the site’s Sensitivity Index being calculated to be < 0.001.
in fact, these birds generally follow the Nile Valley during their migration as it
provides sufficient availability of water, food and shelter, while the project site
lies within a barren desert which does not provide any advantages to migrating
avifauna during rest-stops.

In this respect, a key point relevant to inclusion of airspace utilized by avifauna
is that the airspace is “anchored” to an important terrestrial area. In other
words, the airspace is typically considered with respect to the ecological use of
the terrestrial habitat and not “on its own” (IFC, 2023). In the present case, the
project is barren desert environment which does not provide any resources to
avifauna in terms of feeding, resting or nesting areas. Using this approach,
Criterion 3 would not be considered with respect to the airspace where there
is no associated important terrestrial area and no intersection with the project
footprint.

Criterion v: Key Evolutionary Processes

The structural attributes of a region, such as its topography, geology, soil,
temperature, and vegetation, and combinations of these variables, can
influence the evolutionary processes that give rise to regional configurations
of species and ecological properties.

None of these features apply to the EAAA and, therefore, this criterion does
not apply, and the area is not deemed of importance for key evolutionary
processes.

2 Extent of Occurrence (EOO) is defined as the area contained within the shortest continuous imaginary
boundary, which can be drawn to encompass all the known, inferred or projected sites of present
occurrence of a taxon, excluding cases of vagrancy. Area of Occupancy (AOO) is defined as the area
within its EOO, which is occupied by a taxon, excluding cases of vagrancy (IUCN, 2001).

Environics October 2025
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4.2 CH Screening Exercise

Identified potential CH triggering species/features have been evaluated to
verify if they qualify the EAAA (or part of it) as CH. To facilitate decision-making,
numerical thresholds have been defined for the first four critical habitat
criteria, while there are no numerical thresholds for Criterion V.

Results of the screening process for each of the critical habitat criteria are
shown in Table 3.

4.3 Results of the CH Screening Exercise

The project area and surroundings do not qualify as critical habitat as none of
the CH criteria/thresholds apply to the biodiversity and/or features of the area.

Environics October 2025
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Table 3: Screening of CH triggering species and features potentially present within the project’s EAAA
Habitat Qualifies
i ; rs the EAAA
Relevant thresholds Species / feature Rationale type within as CH
the EAAA (Yes/No)
CRITERION | — HIGHLY THREATENED OR UNIQUE ECOSYSTEMS
(a) EAAA >5% of global extent of an
ecosystem type with IUCN status of The ecosys'tems of the EAAA do no'f meet the definition of Highly Threatened
CRor EN EAAA habitats and a:d/c:‘r ﬁJn.lque ECOST.Stek:\S stated in IFC GN6 (IFC, 2019), and therefore, the
(b) EAAA is ecosystem determined to ecosystems do not threshold is not applicable. 3::;: land No
be of h_lgh priority for conservation | comply Moreover, the EAAA does not include any ecosystem determined to be of
by national systematic high priority for conservation by national systematic conservation planning.
conservation planning
CRITERION |l — CRITICALLY ENDANGERED AND ENDANGERED SPECIES
A very preliminary estimate of the global population size is 12,400-36,000
mature individuals, roughly equating to 18,600-54,000 individuals, although
. further validation of this estimate is needed (BirdLife International, 2023c).
(a) EAAAsupports 2 0.5% of the global | Egyptian Vulture The total population in Egypt was estimated at 10-100 pairs in the 1980s .
population AND 2 5 reproductive (Neophron but recent reports suggest there are currently fewer individuals (Arkumarev Airspace
units of a CR or EN species percnopterus) et al., 2019), with recorded populations in Halayeb, Shalateen and Aswan above the No
(b) EAAA supports globally significant - IUCN global and Gabal Elba (ElSafoury, 2020). Accordingly, the EAAA neither supports EAAA
population of VU species necessary status: EN globally important concentrations of Egyptian Vulture nor
to prevent a change of IUCN Red nationally/regionally important concentrations of the species qualifying the
List status to EN or CR, and satisfies area to meet the thresholds for Critical Habitat.
threshold (a) E In Egypt, the animal is mainly recorded from the Western Desert, including
ennec Fox . .
(c) EAAA for important concentrations (Vulpes zerda) Fayoum, Wadi El Rayan, Wadi El Natrun, Sagqara, El 'Farafra, El Dakhla, El
of a nationally or regionally listed ~ IUCN global Khar'ga and south-eastern Western Pesert, with some |soIateq records from Barren
EN or CR species status. LC Sinai anq near Suez. AIthough.p055|ny present, the EAAA-nelther supports desert land No
- National globally important concentrations of Fennec Fox nor nationally/regionally
status: EN important concentrations of the species qualifying the area to meet the

thresholds for Critical Habitat.
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. lifi
Habitat tQh:aE A :;
Relevant thresholds Species / feature Rationale type within as CH
the EAAA
(Yes/No)
CRITERION Ill — ENDEMIC/RESTRICTED RANGE SPECIES
(a) EAAA regularly holds > 10% of None of the species potentially present within the EAAA comply with the Barren
global population AND > 10 None present definition of this criterion and, therefore, the threshold is not applicable. desert land No
reproductive units of the species
CRITERION IV— MIGRATORY/CONGREGATORY SPECIES
(a) EAAA sustains, on a cyclical or A key point relevant to inclusion of airspace utilized by avifauna is that the
otherwise regular basis, > 1 airspace is “anchored” to an important terrestrial area. In other words, the
percent of the global population at alrspacg is typlcally consnderet?l with respect to the ecological use of the Airspace
. S . . terrestrial habitat and not “on its own” (IFC, 2023). In the present case, the
any point of the species’ lifecycle Migratory birds . . . . above the No
. project is barren desert environment which does not provide any resources
(b) EAAA predictably supports 210 . . . . . . . EAAA
¢ elobal lation duri to avifauna in terms of feeding, resting or nesting areas. Using this approach,
perFent org o.a population during Criterion 3 would not apply to the airspace where there is no associated
periods of environmental stress important terrestrial area and no intersection with the project footprint.
CRITERION V — KEY EVOLUTIONARY PROCESSES
The area has no structural attributes deemed of particular importance for | Barren
NA None present . No
key evolutionary processes. desert land
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1- Introduction

Scatec plans to develop a 500 MWac solar photovoltaic power plant “Dandara Solar Power
SAE” combined with a 100 MWh Battery Energy Storage System (BESS) in Qena Governorate,
east of the Nagaa Hammadi Industrial Zone.

The project will supply renewable electricity to the Egypt Aluminum Company (EgyptAlum)
under a long-term Power Purchase Agreement (PPA). Its primary objective is to support the
decarbonization of aluminum production, ensure compliance with the European Union’s
forthcoming Carbon Border Adjustment Mechanism (CBAM), and reduce reliance on natural
gas, while contributing to Egypt’s renewable energy and climate targets. The usufruct land
spans approximately 2335 ha (= 23,350,000 m?) of which 1130 ha (= 11,300,000 m?) are
designated for the development of the 500MWac solar power project. The site is located in a
desert area to the east of the Nagaa Hammadi Industrial Zone within Qena Governorate. It
lies south-east of the Nagaa Hammadi Aluminum Complex (EgyptAlum).

This study includes an assessment of the potential occurrence of solar glare affecting
observers surrounding the project site, as well as an evaluation of the intensity of such glare,
should it occur, and the possible ocular impacts on the observers.

The analysis was conducted using mathematical mdoules based on mathematical and physical
equations that describe the sun’s path and its position on the horizon relative to the project
site, as well as the assessment of potential reflections from the photovoltaic (PV) array
surfaces.

Furthermore, the study incorporated equations and graphical methods used to evaluate the
intensity of solar glare and its potential effects on observers.

Environics November 2025
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2- Background

2-1 Glint and Glare

The Federal Aviation Administration (FAA) has defined both terms as follows:
= Glint: A momentary flash of bright light.
= Glare: A continuous source of bright light.

The difference between glint and glare lies in their duration, glint usually occurs due to light
reflection from a moving source, while glare is generally associated with stationary objects
that reflect sunlight.

The ocular impact resulting from solar glare is classified into three categories, shown in the
following table:

Table 1: Categories of glare impact and their effects

Risk
Description Meanin Effect
Level P g
Low Low potential for Does not cause noticeable or lasting Represents mild glare causing
after-image visual effects only minor discomfort
. May cause a temporary after-image, .
Potential for after- .y . . P Y . . 8 Lasts from a few minutes to
Moderate . similar to looking at a bright light
image several hours
source
Potential for . o May lead to partial or
. f Indicates a high risk of permanent v .. P .
High permanent eye . complete vision loss in the
retinal injury
damage affected area

These classifications are based on the human blink reflex, it is worth noting that retinal burns
are generally not possible in the case of glare from solar panels, as photovoltaic panels do not
concentrate the reflected sunlight.

Environics November 2025
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Figure 1: Glare hazard and ocular impact plot*
2-2 Solar Reflectance of PV Panels

Photovoltaic panels are characterized by low reflectivity, as sunlight is directly used to
generate electricity within the panels, meaning their primary function is to absorb light rather
than reflect it. For this reason, they are typically made from dark-colored materials, such as
black or dark blue.

Studies have shown that the reflectance of photovoltaic panels is comparable to that of a
water surface. However, the amount of reflected light can increase at certain times of the day
-usually in the early morning or late afternoon- which may lead to glare in specific directions.

3- Objectives

This study aims to support the facility’s management in adopting an integrated approach to
risk management for the ongoing project. It focuses on analyzing and evaluating solar glare
risks associated with the operation of photovoltaic (PV) arrays. The purpose of this assessment
is to estimate the likelihood of such risks occurring and to determine the potential magnitude
of their impact on the surrounding environment. The findings will enable management to
make informed decisions regarding appropriate control measures and to identify the most
effective preventive or corrective alternatives, if needed.

" https://www.researchgate.net/figure/Glare-hazard-plot-illustrating-the-ocular-impact-
30_figd_355131286
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4- Scope

The scope of this study focuses on analyzing the potential exposure of surrounding observers
to solar glare resulting from the installation of photovoltaic (PV) arrays covering an area of
approximately 11,300,000 square meters, located east of the industrial zone in Nagaa
Hammadi, Qena Governorate.

The analysis of potential solar glint occurrences is considered outside the scope of this study,
for the following reasons:

1.
2.

Solar glint is a very brief and momentary phenomenon that does not persist over time.
Solar glint occurs only within a very limited range, when the angle of solar incidence
exactly matches the angle of reflection, a condition that can only take place under ideal
and rare circumstances.

PV arrays are designed to absorb sunlight rather than reflect it. Their surfaces are coated
with anti-reflective layers that disperse sunlight in the event of reflection, significantly
reducing glare intensity.

5- Limitations

Presented below are the main limitations associated with the modules applied in this

assessment:

1. The modules do not account for the backtracking effects related to panel shading and
blocking.

2. Both modules do not represent the detailed system geometry, including gaps between
modules and variations in PV array height.

3. The modules treat the photovoltaic arrays as a single unit rather than as separate arrays,
in order to reduce the amount of output data.

4. When identifying the source of solar glare, it is determined relative to the center of the
photovoltaic arrays, which represents the average glare generated by all the arrays
combined.

5. It was assumed that the panel offset (i) relative to the tracking axis is fixed rather than

dynamic.

Environics November 2025
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6- Methodology

This study has been prepared following a structured and scientifically grounded methodology
aimed at analyzing the potential exposure of surrounding observers or sensitive receptors to
solar glare originating from the photovoltaic (PV) arrays.

The study is based on the framework of risk assessment studies, from previous solar glare
assessment studies, and international best practices relevant to glare hazard assessment.

The adopted methodology comprises the following main steps:
6-1 Glare assessment

The assessment was designed to simulate site-specific conditions accurately and to evaluate
solar glare potential in accordance with recognized environmental assessment
methodologies.

Analytical module

An analytical module was developed to simulate the operational principle of the Solar Glare
Hazard Analysis, aiming to evaluate the potential occurrence of solar glare resulting from the
reflection of sunlight on photovoltaic (PV) panel surfaces.

The module performs a geometric and temporal simulation of the solar path to determine
whether observers located at specific points may experience solar glare. This is achieved by
analyzing the relationship between the solar incidence angle and the tilt and azimuth of the
PV panels across different times of the year.

If glare is predicted, the intensity of reflection, and its visual impact have been estimated
based on the observer’s location, reflection geometry, and the sun’s daily trajectory. This
provides a scientifically robust tool for assessing visual safety levels in solar energy projects.

The analytical equations were developed using Python programming language and ArcGIS Pro,
in conjunction with the ArcPy library, which serves as an interface linking Python with
Geographic Information System (GIS) functions.

This integration enables the automation of spatial analyses, thereby enhancing the efficiency,
precision, and repeatability of solar glare assessments.

Combining Python3.13 with ArcGIS Pro ensures a data-driven and flexible workflow capable
of processing large spatial datasets, simulating solar reflection paths, and accurately
visualizing potential glare zones.

Mathematical module

This module was developed to serve as the foundational framework upon which the main
module will be built. In addition, it has been designed to track every minor computational step
within the analytical process, thereby facilitating error tracing and debugging.

Environics November 2025
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This module is based on the mathematical solution of the physical equations governing
solar glare phenomena?. The sequence of operations within the module can be
summarized as follows:
A. Sun position: The first step of the module involves determining the position of the
sun relative to the project site under study. The solar position is calculated based
on the specified date, time, and geographic coordinates of the site.

The following equations illustrate determination of sun zenith angle, azimuthal
angle, and finally sun beam vectors.

tsotar = 4(Lst — Lioc) + EoT + tg
Lst = Local standard meridian
Lioc = Given longitude
EoT = Equation of time
tst = Standard time

W = tpoon X 15

w = Hour angle

thoon = Difference between solar time and solar noon
284 +n

= . X si X
6 = 23.45 X sin(360 360

)

6 = Declination
n = Number of the day
0, = cos~1(cos ¢ cos 8 cos w + sin ¢ sin §)
6, = Sun zenith angle
@ = Given latitude
cos B, sin@ —sind

Ve = sign(w) |cos™( sin 8, cos ¢
zZ

¥s = Sun azimuthal angle
S, = sinyscos @,
Sy = cosyscosb,
Sk = sinf,
0, = Sun altitude angle
S, =Sun beam vector in x direction
S; = Sun beam vector in y direction
Sk =Sun beam vector in z direction

B. PV tracking system: This step is followed by the simulation of the photovoltaic (PV)
array tracking system, whether the panels are fixed, single-axis tracking, or dual-
axis tracking. The simulation relies on determining the tilt and orientation angles of
the PV arrays, as well as the configuration and alignment of their tracking axes.

2 http://www.powerfromthesun.net/book.html
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The following equations illustrate determination of tracking axis rotation angle and
the PV normal vector.
cos B, sin(ys — y)

p= tan_l(sin(ea —B) + [1—cos(rs —p)]sin f cos &,

y = Orientation of the tracking axis, clockwise from due to south (02)
p = Tracking axis rotation angle
P = Tracking axis tilt angle, 02 is parallel with flat ground

The normal vector components will be:

n, = sinp
n, = sinyu
Ny, = COSp

1 = Panel offset angle from tracking axis

Incident and reflected rays: The directions of the incident and reflected rays are
calculated to estimate the potential paths of solar glare and determine whether
these reflected beams are likely to reach the observer’s position.

The following equations illustrate determination of reflected sun vector
R=v-2(w.n)n

R = Reflected sun vector

v = Incident sun vector

n = Normal PV vector

Glare impact assessment: If solar glare is confirmed to reach the observer, the
proportion of sunlight reflected from the surface of the PV array is calculated.
Subsequently, the potential visual impact on the observer is evaluated using glare
intensity and ocular hazard assessment equations.

The boundary between “yellow” and “red” regions in figurel can be quantified with

the following equations:

0.118

Er burn = " for w < 0.118 rad

Erpurn = 1 for w = 0.118 rad

The boundary between “yellow” and “green” regions in figurel can be quantified
with the following equation:

3.59 x 107°
Er,flash = (1)1'77
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6-2 Glare module setup

The project data (including the geographical location, observer positions, and photovoltaic
(PV) array specifications) were provided to the modeling system for analysis to assess the
potential occurrence of solar glare for the selected observers. In cases where solar glare is
identified, the model calculates the glare intensity and evaluates the potential impacts
associated with it, Taking into account the following parameters / considerations:

1. The modeling period (January—December 2025) was selected to represent a complete
annual cycle, as the solar geometry and climatic conditions within a given year are
generally representative of long-term patterns. Therefore, results obtained for this period
are considered indicative of typical conditions for other years as well.

2. Theyear was divided into two main seasons -summer and winter- each lasting six months.
Solar noon was assumed to occur at approximately 1:00 p.m. during summer and 12:00
p.m. during winter. This division was adopted to represent the two dominant solar
conditions throughout the year, simplifying the analysis while capturing the key seasonal
variations in solar altitude and azimuth. The assumed solar noon times (1:00 p.m. in
summer and 12:00 p.m. in winter) reflect the typical shift in solar position due to the
seasonal variation of the sun’s declination and the daylight-saving time adjustment
commonly applied in Egypt.

3. Due to the type of anti-reflective coating applied on the PV arrays, the dispersion angle of
the reflected beam was determined to be 119 milliradians, as previously mentioned in
table 4, which corresponds to approximately 6.8 degrees, this indicates that the angular
range of the reflected rays is £3.4 degrees from the centerline of reflection.

4. The data were modeled on an hourly basis to manage the large volume of generated data
efficiently. However, in cases where the angle between the observer and the reflected ray
approaches the reflection cone angle (high glare probability), the modeling time step will
be refined to shorter intervals (1-15 minutes) to achieve higher accuracy.

6-3 Result analysis

The extracted results included the angular relationship between the reflected beam and each
observer, the tilt angle of the photovoltaic arrays at each selected hour, and the corresponding
likelihood of glare occurrence. These parameters were analyzed to determine the temporal
and geometric conditions under which potential glare events may occur. The observations
were interpreted using scientific principles of solar geometry and reflection behavior to
ensure that the analysis accurately represents the actual visual impact on the selected
observation points.
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7- Glare assessment activities

7-1 Assessment of the study area

The project site has been characterized based on both project-specific and geographical data,

as outlined below:

a. Project Site Data: These data help identify the project’s coordinates and boundaries.

b. Digital Elevation Model (DEM): These data help to determine the elevation of the project
area and the surrounding lands relative to sea level.

c. Photovoltaic (PV) System Data: This information supports the identification of the
photovoltaic array type and layout, their elevation parameters, and the operational
characteristics of the tracking system.

d. Observers: The locations of observers in proximity to the project site have been identified
and mapped.

7-2 Input date

A. Site data

The project site data, including coordinates, site area, and topographic information, have been
provided within the module as follows:

Table 2: Project site information

Project name Dandara Solar Power
. East of Nagaa Hammadi Industrial Zone, Qena
Location
governorate
Area (m?) 11,300,000
PV modules 903,960
Coordinates (center) 32.345843 E - 25.928033 N
Elevation, sea level (m) 165

B. Observers selection

A preliminary assessment was carried out to determine the directions potentially affected

by solar glare and to identify the specific observer locations within those directions, as

summarized below:

e North: This direction includes the Giza—Aswan Road. Due to the sun’s position being
predominantly toward the south throughout the year and the PV arrays being tilted
southward for optimal energy capture, the northern direction will not receive reflected
rays. Therefore, no observation points were selected for this direction.

e South: The area consists of vacant land with no human activity or visual receptors for
now. As no glare impact is anticipated, no observer points were designated here.

e East: This area is also vacant land. During morning hours, sunlight comes from the east,
but the east-facing panel surfaces reflect most rays upward rather than horizontally.
Consequently, no significant glare is expected, and no observers were chosen in this
direction.

e West: Luxor Road represents the direction with the highest potential for glare events
from reflected sunlight. Accordingly, five observation points were specifically selected
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along Luxor Road to capture typical viewing positions for road users and nearby
receptors.

Table (3) presents the coordinates of the observation points.

Table 3: Observers locations

Observer \ Location
Observer 1 32.316280 E - 25.917696 N
Observer 2 32.313685 E - 25.934127 N
Observer 3 32.310819 E - 25.954172 N
Observer 4 32.320466 E - 25.892937 N
Observer 5 32.305881 E - 25.957511 N

The following figure illustrates the project site boundaries and the locations of the
observation points.
C. PV data
The photovoltaic system data were provided to the modules as part of the primary input
parameters, as presented in the following table.

Table 4: PV system information

PV tracking axis tilt 909
Panel offset from the tracking axis 35¢
Rotati | the tracki

o.a ion angle over the tracking 55¢/550
axis
Orientation of the tracking axis 09
PV elevation (m) 2.8
Tracking type Single-axis tracking system

Light textured glass with anti-reflection
Glass cover type .
coating

Average beam spread (mrad) 119

Environics November 2025
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Figure 2: Project boundaries and observers’ locations
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8- Result analysis

The modeling results demonstrated that no solar glare is expected to occur throughout the
analyzed year (2025) for any of the five selected observer locations. Given the extensive
amount of data generated by the module, a set of representative samples was randomly
selected across different periods of the year to effectively illustrate a portion of the overall
results and support the interpretation of the findings.

PV

Table 5: Representative Sample Data of Solar Glare Modeling Results

Angle between observer and reflected ray

rotation . Gl.a e

- Obss Obss likelihood

9:00 AM 46.88 139.10 | 134.34 | 144.42 | 82.72 | 144.15 No Glare

10:00 AM 34.89 138.20 | 130.93 | 151.5 71.47 | 149.49 No Glare

11:00 AM 19.78 128.43 | 119.81 | 147.94 | 56.71 | 144.06 No Glare

1/1/2025 12:00 PM -2.15 108.72 | 99.65 | 130.36 | 36.52 | 125.83 No Glare
1:00 PM -15.79 95.79 86.80 |117.47 | 27.05 | 112.91 No Glare

2:00 PM -31.61 81.40 72.88 | 102.33 | 25.78 97.89 No Glare

3:00 PM -44.31 71.85 64.36 | 90.98 | 35.28 | 86.86 No Glare

4:00 PM -54.218 67.92 62.02 83.98 47.65 80.41 No Glare

9:50 AM 54.07 156.69 | 150.23 | 159.54 | 88.30 | 160.91 No Glare

10:50 AM 37.98 148.57 | 139.30 | 168.77 | 72.40 | 165.13 No Glare

11:50 AM 15.17 126.88 | 117.21 | 149.99 | 49.44 | 145.14 No Glare

5/3/2025 12.50 PM -11.89 99.86 90.18 | 123.01 | 22.47 | 118.15 No Glare
13:50 PM -35.52 76.47 66.94 99.41 8.53 94.58 No Glare

2:50 PM -52.37 61.24 52.37 | 83.17 | 25.25 | 78.508 No Glare

3:00 PM -54.62 59.53 50.87 | 81.16 | 28.04 | 76.54 No Glare

9:00 AM 53.91 96.58 | 105.84 | 74.82 | 159.87 | 79.32 No Glare

10:00 AM 40.51 88.48 97.61 67.18 | 154.06 | 71.55 No Glare

11:00 AM 26.73 81.31 90.39 60.33 | 148.69 | 64.61 No Glare

12:00 PM 12.58 75.14 84.19 54.40 | 143.83 | 58.60 No Glare

13/5/2025 1:00 PM -1.76 69.59 78.60 49.14 | 139.10 | 53.23 No Glare
2:00 PM -16.07 64.01 72.95 43,99 | 13398 | 47.94 No Glare

3:00 PM -30.14 57.72 66.58 38.32 | 128.06 | 42.06 No Glare

4:00 PM -43.83 50.25 59.04 | 31.66 | 121.24 | 35.08 No Glare

4:50 PM -54.95 43.03 51.82 25.19 | 115.02 | 28.26 No Glare

10:00 AM 54.41 156.89 | 150.49 | 159.4 | 88.62 | 160.84 No Glare

11:00 AM 38.37 148.96 | 139.69 | 169.06 | 72.78 | 165.48 No Glare

7/10/2025 12:00 PM 15.55 127.27 | 117.59 | 150.38 | 49.81 | 145.53 No Glare
1:00 PM -11:65 100.10 | 90.42 | 123.25| 22.68 | 118.39 No Glare

2:00 PM -35.45 76.53 66.99 99.48 8.26 94.65 No Glare

3:00 PM -52.40 61.17 52.28 83.13 25.09 78.46 No Glare
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1. The selected number of operating hours throughout the day depends on the array’s
solar tracking angle, which ranges between -552 and +552. Although the sun remains
above the horizon before and after these times, the tracking angle limits of the array
cause the reflected rays to be directed upward, which does not affect the observers.

2. The results indicate that the angles between the reflected rays and the observers are
significantly larger than the reflected solar cone angle (3.42). This wide margin excludes
the possibility that solar glare occurs.

3. The observer’s elevation relative to the array surface -whether higher or lower- played
a significant role in the absence of solar glare. Additionally, the considerable distance
of the observers from the arrays (exceeding 2 km) further contributed to eliminating
glare visibility.

9- Conclusion

Based on the comprehensive glare analysis performed for the “Dandara Solar Power SAE”
Project, it can be conclusively stated that the project poses no risk of solar glare to surrounding
areas, receptors, or observers under the proposed design and operational configuration.

The simulation results across all analyzed time periods and observation points consistently
demonstrated that no reflected sunlight reaches the observers’ line of sight at any time of the
year. This outcome is primarily attributed to several key design and technical considerations,
including the low reflectivity of the photovoltaic (PV) module surfaces, the incorporation of
anti-reflective (AR) coated glass, and the optimized tilt and orientation of the single-axis
tracking system. Furthermore, the relative elevation, distance, and positioning of the potential
observation points with respect to the PV array surface significantly reduce the likelihood of
glare occurrence.

Considering these results, the assessment concludes that the project is not expected to cause
any ocular discomfort or visual hazards to the observers that had been selected. Therefore,
no additional mitigation measures are deemed necessary to manage potential solar glare
impacts.
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Topic
July 27, 2025

Discussions

Qena Governorate Meeting

— Land Allocation

— Flash Flood
Hazards

— The meeting primarily focused on the land allocation issue and the possible options for selection.
One of the key selection criteria discussed was the availability of land suitable for the solar project
while ensuring the avoidance of any potential land ownership disputes.

— The meeting also addressed flood hazards at the proposed locations and the corresponding flood
protection requirements

October 6", 2025

Head of Energy Projects, Central EIA department - EEAA

PV project | Aphone calltook place with the head of energy projects at the central EIA department of EEAA. The discussions primarily focused on the categorization of
categorisation the PV project where it has been advised that the project is to be catgeorised as Scoped B, which does not require organizing public disclosure meetings.
October 27", 2025

Qena City Council Local Office:

General
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Labour, and
opportunities

job

— Aquestion raised regarding the number and qualifications of expected labour during construction
and operation phases.

— The labour selection criteria.

— The duration of project construction

— Means of vacancies advertisements.

— Sources of labour

— Grievances

Discussions/responses:

— The project team clarified that the duration of project construction phase is expected to be
maximum 15 months. The constcrtuion stage stage is the most labour intensive where the number
of labour is expected to range within an average of 5000 workers during peak construction. During
operation the expected number of labour would be about 100 personnel

— The labour qualifications required for construction works will include low and semi-skilled labour
as well as highly skilled technical qualifications for the installation of the PV panels in addition to
project management engineers. During operation, the labour required include highly qualified and
experience technical personnel for operating and maintaining the operation of the PV and the
substation.

— The sources of labour will be primarily from the local communities from the surrounding villages as
well as from Nagaa Hammadi city and Qena governorate. It was emphasized that in cases of lack
qualifications within the local communities and/or the Qena governorate, such qualifications will
be sought from around Egypt.

— Regarding the job opportunities announcements, the project team clarified that Scatec has a clear,
structured and transparent hiring policy that is also enforced on their main contractors. The hiring
process is implemented in cooperation with Qena governorate where all job opportunities are
announced and applications submitted through the governorate labour office. The job
announcements include clear description of the required qualifications and the selection criteria.
Subsequnebitly, a detailed list of applicants is submitted to Scatec and their contractors. All main
contractors submit reports to Scatec describing the selection process and the result.
Subsequently Scatec reports to the governorate regarding the number of hires and jobs provided.

— In case there are grievances related to the hiring process that are submitted to the governorate or
the company, Scatec investigates each case and notifies the governorates about the grievance
investigation results.

— Regarding the labour local content, the project team advised that all contractors are encouraged
to continuously increase the percentage of local content.
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Labour
accommodation

— Availability for local accommodation within the communities
— Resources consumption for labour accommodation
— Impacts of workers influx on the communities

Discussions/responses

— It was advised by the attendees that based on the local community experience with the on-going
Obelisk PV project, the influx of workers affected the residence of El Baraka village, the nearest
community to the project site. It was indicated that as result of concentration of workers
accommodation within the village significant increase of rental prices which decreased the
availability of apartments to the local communities. Accordingly, Sactec instructed all contractors
to withdraw their workers from the El Baraka housing and provide alternative housing in the
surrounding urban centers in addition to the onsite workers camps.

— As indicated by the project team, no workers accommodation will take place at El Baraka village
for the proposed Dandara project. In addition, with maximizing the number of workers form the
local communities, the need for accommodation of workers will considerably decrease.

— One attendee from El Baraka village advised that he already has a number of apartments in El
Baraka available for Dandara workers accommodation, However, it was advised that no workers
accommodation will take place within EL Baraka village.

— The potential impact on nearby community resources, such as food, water, etc.., as result of
workers influx, was reported to be insignificant since the labour needs are sought for allover the
governorate.

Utilisation  of
energy

PV

Various attendees inquired about the utilization of the generated energy from Dandara PV project and
their benefits from the project. One attendee advised that due to energy shortage, various industries
within Nagaa Hammadi industrial area, especially the plastic industries, face frequent process
interruptions and shutdowns. Many industries had also to relocate due to the energy shortage in the
area.

Discussions/responses:

It was clarified that the project will supply renewable electricity to the Egypt Aluminium Company
(EgyptAlum) with the primary objective is to support the decarbonization of aluminium production,
ensure compliance with the European Union’s forthcoming Carbon Border Adjustment Mechanism
(CBAM), and reduce the project reliance on natural gas, while contributing to Egypt’s renewable
energy and climate targets.

Moreover, as result of the project, the project will result in saving energy that would have been
consumed by the EgyptAlum from the electricity grid and make it available for other development
purposes.

Water resources

— Eng. Moaowad Abdel Moteleb, Head Water Company advised that the water needs of the current
Obelisk project are sought from Nagaa Hammadi water plant that has the capacity of 1000U/s. He
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and

Wastewater
treatment

advised that the water plant can meet the current Obelisk PV project and will also be able to meet
the demand of the new Dandara project especially that there will not be significant overlap between
the two project activities.

— The project’s wastewater is managed through the existing wastewater treatment plant northwest
the project site. Reportedly, a new wastewater treatment plant is currently under construction to
meet the expansion needs of Nagaa Hammadi industrial area.

Nagaa Hammadi Industrial area

PV project Location

Dr. Shaker Abdel Nabi, the head of Nagaa Hammadi industrial area inquired about the selection of the
project site and the reason for not establishing it within EgyptAlum premises,

Discussions/responses:

The Consultant team advised that the land area required for the Dandar PV project could not be
accommodated within the limited land areas available within EgyptAlum premises. Moreover, the
area within EgyptAlum is subject to various air emissions form the Aluminium production which may
deposit on the surface of the PV panels and affects its production efficiency. More importantly, land
allocation for renewable energy projects is managed and granted through the New and Renewable
Energy Authority (NREA).

Working conditions
and hiring policy

— Anissue was raised by a number of attendees regarding previous experience with sub-contractors
in the on-going Obelisk project where they expressed their concern regarding the transparency of
hiring by some sub-contractors.

— In addition, the issue was raised related to the wage gaps between the industries and the PV
project, especially the provision services such as security and cleaning, where such gap
discourages labour to work for the industrial areas.

Discussions/responses:

— The project team advised that all contractors must abide by the hiring policy set by Scatec and that
all hiring applications must take place through the governorate. All contractors report to Scatec on
the hiring process and results. In cases of complaints related to the hiring process, Scatec
investigates each case and notifies the governorate about the result of investigation.

— Regarding wage gaps, it was also advised that this issue may result due to the fact that the PV
projects are committed to comply with the national minimum wage rates that are higher than those
currently offered by the manufacturing facilities.

Cooperation
between the
proposed PV project
and the industrial
area

Dr. Shaker and the attendees inquired about the process of cooperation with the proposed project in
terms of supply of services and materials. Dr. Shaker advised that the industrial area accommodates
anumber of food industries that can provide the food supplies to the on-site workers accommodation,
as well as other construction materials and services.

Discussions/responses:
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It was advised that the industries can participate in the bidding requirements issued for food and
material supply. A list of available industries and their specializations and products will be compiled
and provided to Scatec to enable identifying areas of potential cooperation in the future.

Noise and dust
nuisance

The consultant team inquired about the potential noise generation from the ramming machines and
its impacts on the industrial area.

Itwas advised by all attendees, that based on the experience with the current Obelisk project the noise
from ramming did not reach the industrial area and no impacts have been identified. However, dust
was identified as an occasional issue. The project team noted that dust occurrences were limited and
intermittent, mainly during windy conditions. With the continued implementation of existing dust
suppression measures—such as soil damping—dust impacts are expected to be minimized. The
same mitigation measures would be implemented for the proposed Dandara project.

October 28", 2025

El Baraka Healthcare

unit

— Labour and
employment

— Workers
accommodation

— Pressure on the
provided
services

— Community
support

— The attendees advised that the healthcare unit provides only first aid support and general
healthcare services and does not have the capabilities to handle emergency cases.

— The availability of venom antidote was discussed. The health unit confirmed that snake and
scorpion specific antivenoms are not available. However, the tetanus vaccine is provided.

— The unit provides services through general practitioners and dentists

— There has been no additional strain due to the ongoing Obelisk Project. Only a few cases have been
referred from this project, that were related to simple injuries of construction workers (nail in foot)

— The attendees raised the issue of job opportunities and hiring procedures.

— Issues of raising rents at El Baraka area has been raised

— The project benefits to the Nagaa Hamdai community have also been raised

Discussions/responses:

— The project team emphasized the importance of hiring from local communities near the project
area. The project team reaffirmed Scatec’s strong commitment to maximizing local employment
and ensuring high local content during both construction and O&M phases. The employment is
done typically through advertisement on the governorate website as well as social media the
process

— Regarding the raising of rentals as results of workers accommodation, the project team advised
that the issue has been addressed through maximizing the local employment enhancing the on-
site accommodation in workers camps. Contractors have also been instructed to avoid the
accommodation in El Baraka and provide alternative the accommodation within larger urban
areas. This approach will be adopted for Dandara to avoid any potential influx issues.

— The strain on local resources as result of workers influx was raised. It was advised by the attendees
that no shortage in resources, food, water, or other services and utilities has been experienced as
result of workers’ influx.
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— Regarding the community benefits and potential community support, the project team indicated
that the proposed project together with the existing one, will help strengthen the electricity grid,
thereby indirectly benefiting grid users by making additional power available and minimize the
national regular power cuts that has been witnessed in Egypt over the last years.

— In addition, Scatec, through its corporate social responsibility plans (CSR), has provided support
to various families through projects that would ensure sustainable income.

"Support your community" Women NGO ¢l adil Laaa

— Labour and job — The project team clarified that the duration of project construction phase is expected to be
opportunities maximum 15 months. This stage is the most labour intensive where the number of labour is

— Community expected to range within an average of 5000 workers during peak construction. During operation
support the expected number of labour would be about 100 personnel

— Workers code of — The hiring policy and procedures were explained, and the attendees were encouraged to follow the
conduct jobs advertisements and apply through the governorate.

— The project team also stressed that women are encouraged to apply for jobs depending on their
qualifications.

— Regarding community support, the project team clarified that Scatec, through its corporate social
responsibility plans (CSR), has provided support to various families through projects that would
ensure sustainable income

Local communities: Nagaa Mubarak Village next to El Baraka Village - Hiw




Topic
Local
employment
Workers
accommodation
Pressure on the
provided
services
Community
support

Discussions

— The importance of hiring from local communities near the project area was discussed. The project

team reaffirmed Scatec’s strong commitment to maximizing local employment and ensuring high

local content during both construction and O&M phases. The employmentis done typically through

advertisement on the governorate website as well as social media.

The issue of increased housing rental prices was again raised by the attendees in areas surrounding

the ongoing Obelisk project, particularly in Baraka City, as a result of labor influx. The project team

explained that this issue was addressed through the following measures:

o Conducting labor and accommodation influx assessments to quantify impacts, identify
hotspots, and determine suitable alternative accommodation areas for workers.

o Requiring contractors to avoid high-impact areas and seek housing options in lower-density
zones.

o  Monitoring implementation of these measures, which reportedly helped stabilize and reduce
rental prices

Regarding the community benefits and potential community support, the project team indicated

that the proposed project together with the existing one, will help strengthen the electricity grid,

thereby indirectly benefiting grid users by making additional power available and minimize the

national regular power cuts. Through Scatec corporate social responsibility plans (CSR) support

was provided to various families through projects that would ensure sustainable income.

Attendees advised that the ongoing Obelisk project has a positive impact on the local business in

the area specifically in areas of food services areas. It was advised that the increased demand as

result of the project did not put pressure on the availability of food or the food prices.
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