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Abstract

This report assesses the greenhouse gas (GHG) emissions and carbon footprint of the Rabigh -3
Seawater Reverse Osmosis (SWRO) Desalination Plant, a 600,000 m3d* facility at Rabigh, Saudi
Arabia. Following the Greenhouse Gas Protocol (GHGP), ISO 14064-1:2018, and IPCC
Guidelines, the analysis covers Scope 1 (direct emissions-1.09%), Scope 2 (indirect emissions
from electricity-98.44%), and selected Scope 3 (other indirect emissions) sources. The total

annual

carbon footprint is approximately 358,897.6 t COz2 e, with an emission intensity of 1.79 kg

CO2 e/m?, aligning with industry benchmarks for SWRO plants with energy recovery devices (ERDs).

Scope 2 emissions dominate (98.44%), driven by grid electricity consumption, while the CO:
recovery plant is the primary Scope 1 contributor. This assessment provides a foundation for
strategic emission reduction initiatives that align with Saudi Vision 2030 sustainability goals,
including renewable energy integration, energy efficiency improvements, and CO: recovery plant
optimization. The implementation roadmap outlines short, medium, and long-term strategies to
achieve significant carbon intensity reductions by 2030.
OVERVIEW
Rabigh -3 Company is a desalination plant owned by 70% ACWA Power and 30% Saudi
brothers” commercial company Rabigh SWRO -3 with a capacity of 600,000 m3/d of potable
water Output using Reverse Osmosis (SWRO) technology. This project located in the Rabigh
area (approximately 150 km north of Jeddah), in the western region of KSA. The Plant will
be structured as a standalone IWP and will be developed by the Owner.
The proposed SWRO plant includes the following main facilities:

> Seawater intake.

» Effluent outfall.
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» Pre-treatment system.

SWRO system.
Post treatment system.
Fire protection and detection system.

General buildings.

YV V V VYV V

Other facilities for maintenance and operation.

The desalination plant proposed by the Consortium has been designed in order to comply
with the water output requirements and to ensure the required availability of potable water.
The design of the plant and the related buildings have been developed focusing on the
combination of operational suitability & plant availability, optimization of power
consumption and energy efficiency and minimization of the environmental and visual

impact.
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L Executive Summary

Water scarcity is a critical challenge in Saudi Arabia, necessitating substantial investment in
desalination infrastructure. The Rabigh -3 Seawater Reverse Osmosis (SWRO) Desalination Plant,
with a capacity of 600,000 m3d?, plays a vital role in addressing this challenge while
simultaneously working to minimize its environmental footprint. This report presents a
comprehensive assessment of the plant's greenhouse gas (GHG) emissions and carbon footprint
for the 2024 operational year.

The assessment follows internationally recognized standards including the Greenhouse Gas
Protocol (GHGP), ISO 14064-1:2018, and IPCC Guidelines, focusing on Scope 1 (direct emissions)
and Scope 2 (indirect emissions from purchased electricity). The assessment found that the total
annual carbon footprint of the Rabigh -3 SWRO Desalination Plant amounts to 358,897.6 tonnes
of CO:z equivalent (t COze), with an emission intensity of 1.79 kg COze per cubic meter of desalinated
water.

This assessment covers Operational year 2024 to 2025

Key Findings:

* Scope 1 emissions account for only 1.09% (3,926.8 t COze) of the total carbon footprint,

with 87.18% of these stemming from diesel consumption in the COz recovery plant.

Scope 2 emissions from grid electricity consumption dominate the carbon footprint,

constituting 98.44% (3,53,320.8 t COze) of total emissions.

The plant's emission intensity of 1.79 kg CO e/m?® aligns with industry benchmarks for
SWRO plants employing energy recovery devices (ERDs).

The high carbon intensity of Saudi Arabia's electricity grid (520 kg CO2/MWh) is the

primary driver of the facility's carbon footprint.

Monthly emission variations correlate primarily with seasonal production fluctuations

and ambient seawater temperature changes.
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The assessment of GHG emissions and Carbon foot print revealed that the plant is
highly energy efficient 3.16 kWh /M3(High energy efficiency target: <3.5 kWh/m?3,

enhancing sustainability)

This allows Significant economic and social impact: water security, job creation, local

content, and investment aligned with Vision 2030.

The report identifies significant opportunities for emission reduction that align with

Saudi Vision 2030 sustainability goals, particularly the Saudi Green Initiative's target to

reduce carbon emissions by 278 million tonnes per annum by 2030. Strategic

recommendations include:

The plant is efficient at present, however to make it more efficient the strategic

Recommendations are provided as follows:

Total Emissions

The total GHG emissions for 2024-2025 amount to 358,897.6 tonnes of
CO.elyear.
This includes direct emissions (Scope 1), indirect energy emissions (Scope 2),

and selected upstream/downstream emissions (Scope 3).

1. Renewable Energy Integration: Implementing on-site solar PV installations with potential

to reduce Scope 2 emissions by 15-20% in the short term and up to 50% in the long term.

2. Energy Efficiency Enhancement: Upgrading to higher efficiency energy recovery devices

(ERDs) and implementing advanced process control systems to reduce specific energy

consumption by 10-15%.

3. CO2 Recovery Plant Optimization: Exploring alternative CO: sourcing methods or fuel

substitution to reduce the carbon intensity of the plant's largest Scope 1 emission

source.

4. Power Purchase Agreements (PPAs): Entering into PPAs for renewable electricity to

address Scope 2 emissions while grid decarbonization progresses.
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5. Advanced Membrane Technology: Phased implementation of next- generation low-

energy membranes to reduce pumping energy requirements.

The implementation roadmap outlines a staged approach to achieving significant carbon
intensity reductions by 2030, with estimated capital requirements of SAR 175- 230 million for
renewable energy integration and efficiency improvements. The recommended actions
would position the Rabigh -3 SWRO Desalination Plant as a regional leader in sustainable
water production, directly supporting Saudi Arabia's transition to a more sustainable,

diversified economy as envisioned in Saudi Vision 2030.

Regular monitoring and verification, coupled with annual carbon footprint reassessments,
will ensure progress tracking and enable adaptive management. This comprehensive
assessment serves as a baseline for future emission reduction initiatives and demonstrates
the commitment of ACWA Power and NOMAC to environmental stewardship and the
Kingdom's sustainability objectives.
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2, Introduction

21 Background and Context

Water scarcity represents one of the most pressing environmental challenges facing Saudi
Arabia, a country characterized by an arid climate, minimal rainfall, and limited renewable
water resources. With a rapidly growing population and expanding industrial base, the
demand for reliable water sources continues to increase.

Desalination has emerged as a critical technology for addressing this challenge, with Saudi

Arabia establishing itself as the world's largest producer of desalinated water.

However, traditional desalination technologies are energy-intensive processes that
contribute significantly to greenhouse gas (GHG) emissions when powered by fossil fuels.
As global awareness of climate change impacts intensifies and Saudi Arabia advances
its sustainability commitments under Vision 2030, there is growing recognition of the

need to assess and mitigate the carbon footprint of desalination operations.

This environmental imperative coincides with economic considerations, as energy
efficiency improvements can substantially reduce operational costs. Furthermore,
regulatory frameworks are evolving, with increasing emphasis on GHG accounting and
disclosure, both nationally and internationally. The convergence of these factors
underscores the importance of comprehensive carbon footprint assessments for

desalination facilities.

The Rabigh -3 Seawater Reverse Osmosis (SWRO) Desalination Plant represents a
significant investment in the Kingdom's water security infrastructure. As a state-of-
the-art facility utilizing SWRO technology with energy recovery devices, it embodies the
transition towards more energy-efficient desalination methods. By quantifying the plant's
carbon footprint and identifying emission reduction opportunities, this assessment
serves both environmental and economic objectives while supporting broader national

sustainability goals.
22 Facility Overview

The project is located in the Western Province of Saudi Arabia, at the city of Rabigh, it is
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approximately 150 km north of the Jeddah ,40 kms, King Abdullah Economic City. The

SWRO plant is structured as a standalone IWP and is developed by the Owner (ACWA
Power).

The approximate Site location coordinates are [22°38'9.48"N; 39° 2'35.69"E]. The area
allocated is approximately 23 hectares on the shore line of the Red Sea, situated between
the Rabigh-3- IWP-SWCC Plant and barren land.

Project Details

The principal objective for the Project is to expand and improve potable water production
capacity in Saudi Arabia through private sector participation, and in doing so to build
capacity through local content requirements, employment and training opportunities for
Saudi nationals.

The area allocated for the Project is located in south of Rabigh city, 150 km north of Jeddah,
on the coast of the Red Sea in the Western Province of the Kingdom of Saudi Arabia.
Location: Rabigh, Makkah Province, Kingdom of Saudi Arabia

Developer: ACWA Power (Lead), SBCC

Project Company: Rabigh Three Company

Client/Off taker: Saudi Water Partnership Company (SWPC)

Project Overview

__
Seawater Reverse Osmosis (SWRO) Desalination Plant
_ Build-Own-Operate (BOO)
_ Coastal Rabigh region, ~150 km north of Jeddah
_ Commercial Operation Date: December 2021

Technical Specifications
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600,000 m3/day

Seawater Reverse Osmosis (SWRO)

Dual Media Filters (DMF), Dissolved Air Flotation

Mineral Remineralization, Disinfection

3.16 kWh/m?

Marine outfall system with diffuser

High-pressure pumps, ERDs, control systems,

High-efficiency pumps, low-energy membranes
Red Sea

National Environmental Standards (NCEC)

6 million safe man-hours with zero LTIs

Supports water needs of ~2 million people

Strategic Significance

o Part of Vision 2030 to privatize and expand water production.
« Enhances water security for critical regions including Jeddah and Makkah.
e Reduces reliance on thermal desalination through RO-based modular infrastructure.

« Sets a benchmark for future IWP developments in the Gulf region.
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Figure 1.1: Location map of Rabigh -IWP-3
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Figure 2: Overview of the Rabigh -3- IWP SWRODSP project

Rev-1 Greenhouse Gas Emission Estimation and Carbon Footprint Assessment Report
Rabigh-IWP-3- Sea Water Reverse Osmosis Plant Submitted to ACWA POWER
Copyright @ Envirenmental Balance Company Page 14 of 115




CWA POWER, @
j9l—s |9—'£:\
Rabigh -3 SWRO Desalination Plant, located at coordinates J2RW+H73, Rabigh 25713, Saudi Arabia,
is a critical infrastructure asset operated by ACWA Power and NOMAC under a Build, Own,

Operate (BOO) model. With a capacity of 600,000 m3d™, it addresses water scarcity in the region,
producing 219,000,000 m® of potable water annually.

The plant employs seawater reverse osmosis (SWRO) technology, representing the current industry
standard for energy-efficient desalination. The facility incorporates energy recovery devices
(ERDs) to capture pressure energy from the reject brine stream, significantly reducing the specific
energy consumption compared to thermal desalination methods or older SWRO designs without
ERDs.

Table 1: Key Parameters of Rabigh -3- SWRO Desalination Plant

Design Capacity 600,000 m*/day
Annual Production 219,000,000 m?

Seawater Reverse Osmosis (SWRO) with Ener gy
Technology Recovery Devices
Specific Energy 3.16 kWh /M3
Consumption
Annual Electricity
Consumption 692,040,000 kw
Recovery Rate 45%
Operating M odel Build, Own, Operate (BOO)
Operational Since 2021
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Internatlonal protocols for Climate Change

The United Nations Framework Convention on
Change (UNFCCC or FCCC) is an
international environmental treaty negotiated at the
United Nations Conference on Environment and
Development (UNCED), informally known as the
Earth Summit, held in Rio de Janeiro from 3 to 14 June
1992.The objective of the treaty is to “stabilize
greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic
interference

Climate

UN F
: ramework with the climate system." The treaty itself set no
Convention on 1 .
. binding limits on greenhouse gas
Climate . e ; :
emissions for individual countries and contains no
Change, 1992 and the ) .
. 12/28/1994 enforcement mechanisms. The Convention was agreed
Paris Agreement (UN
11/03/2016 upon and adopted by the Intergovernmental
Framework - . .
. Negotiating Committee for a Framework Convention
Convention on . N .
Climate Change) on Climate Change, during its Fifth session, the second
8¢ part, held in New York from 30 April to 9 May 1992. In
2016 1 . .
accordance with its article 20, the Convention was
open for signature by States Members of the United
Nations or of any of its specialized agencies or that are
Parties to the Statute of the International Court of
Justice and by regional economic integration
organizations, at Rio de Janeiro during the United
Nations  Conference on  Environment and
Development, from 4 to 14 June 1992, and remained
thereafter open at the United Nations Headquarters in
New York until 19 June 1993.
The Montreal Protocol is a global agreement to protect
the stratospheric ozone layer by phasing out the
The Montreal production and consumption of ozone-depleting
substances (ODS). The Protocol was adopted by the
Protocol on . .
Conference of Plenipotentiaries on the Protocol on
Substances that | 03/01/1993 , ,
Chlorofluorocarbons to the Vienna Convention for the
Deplete the Ozone , ,
Protection of the Ozone Layer, held in Montreal
Layer, 1987

from14 to 16 September 1987. Open for signature in
Montreal on 16 September 1987, in Ottawa from 17
September 1987 to 16 January 1988 and at United
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Nations Headquarters, New York, from 17 January
1988 to 15 September 1988, in accordance with article
15.

Kyoto Protocol to the
UN Framework
Convention on
Climate Change, 1997

31/012005

In the Kyoto Protocol, Parties in Annex I of the
Framework Convention on Climate Change (FCCCQC)
agreed to commitments with a view to reducing their
overall emissions of six greenhouse gases (GHGs) by at
least 5% below 1990 levels between 2008 and 2012. The
protocol also establishes emissions trading, joint
implementation between developed countries, and a
"clean development mechanism" to encourage joint
emissions reduction projects between developed and
developing countries.

IFC Industry Specific Guidelines

Environmental Health and Safety (EHS) guidelines have been developed by the World

Bank Group and the IFC.The applicable guidelines to be considered include:

» EHS General Guidelines (2007), including but not limited to:

e Energy Conservation;

e Waste Management;

e Air Emissions and Ambient Air Quality;

e Wastewater and Ambient Water Quality;

e Hazardous Materials Management;
e Occupational Health and Safety;
e Water and Sanitation; and

e Community Health and Safety.

(2013).

e Good Practice Handbook for Cumulative Impact Assessment and

Management: Guidance for the Private Sector in Emerging Markets
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Key process components include:

.

Intake System: Open intake with screening facilities to remove large debris

and marine organisms

« Pretreatment: Conventional pretreatment incorporating coagulation,

flocculation, and multimedia filtration, followed by cartridge filtration

+ RO System: Two-pass configuration with pressure vessels arranged in arrays,
utilizing thin-film composite membranes
Energy Recovery: Pressure exchanger devices installed to recover hydraulic
energy from the reject stream

* Post-treatment: Remineralization and disinfection to meet potable water
standards

* CO:zRecovery Plant: On-site facility for producing CO: used in the
remineralization process

* Auxiliary Systems: Emergency diesel generators, firefighting pumps, and

security systems with independent power supplies
23 Assessment Objectives

This greenhouse gas emission assessment and carbon footprint analysis aims to:
L Quantify the total annual greenhouse gas emissions associated with the

operation of the Rabigh -3-SWRO Desalination Plant, expressed in tonnes of CO:

equivalent (t COze)
2. Determine the emission intensity per unit of water produced (kg CO2 e/md)
3. Identify and analyze the major emission sources and their relative contributions
4. Benchmark the plant's carbon footprint against industry standards and best
practices
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5. Evaluate alignment with Saudi Vision 2030 sustainability objectives
6. Identify and prioritize emission reduction opportunities
7. Develop an implementation roadmap for carbon reduction initiatives

The assessment focuses primarily on Scope 1 (direct) and Scope 2 (indirect electricity-related)
emissions, with limited consideration of selected Scope 3 emissions. This approach ensures
comprehensive coverage of the most significant emission sources while maintaining analytical rigor

and data quality.

The findings and recommendations from this assessment will inform strategic decision-making,
support sustainability reporting, and provide a foundation for future emission reduction initiatives.
By establishing a robust baseline and identifying viable pathways for improvement, this assessment

contributes to both operational excellence and environmental stewardship.
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3. Literature Review

31 Carbon Footprint of SWRO Desalination

The carbon footprint of desalination plants has been extensively studied in recent years, with
particular focus on Seawater Reverse Osmosis (SWRO) technology as it has become the
dominant approach for new installations globally. This section reviews key literature
findings regarding emission factors, methodological approaches, and comparative analyses
of SWRO carbon footprints.
Cornejo et al. (2014) conducted a comprehensive life cycle assessment of SWRO plants,
finding that carbon footprints typically range from 0.4 to 6.7 kg COze/m® depending on
energy source, plant configuration, and operational parameters. This wide range highlights
the significant influence of local context and design choices on environmental performance.
The study identified electricity consumption as the dominant contributor, typically
accounting for 70-85% of life cycle emissions.
Advancing this work, Fayyaz et al. (2022) focused specifically on high-salinity seawater
desalination, finding that plants operating in the Arabian Gulf region face particular challenges
due to higher feed water salinity and temperature, resulting in elevated energy requirements
and consequently higher carbon footprints. Their analysis of modern SWRO plants in the
region revealed carbon footprints ranging from 1.5 to 4.2 kg CO e/m3, with grid electricity
emission factors being the primary determinant of this variation.

"The carbon intensity of electricity supply is the single most influential factor in determining

the overall carbon footprint of SWRO desalination plants, accounting for up to 94% of total

emissions in grid-connected facilities.” (Fayyaz et al., 2022)
This finding is particularly relevant for Saudi Arabian desalination plants, given the
country's predominantly fossil fuel-based electricity generation. The IEA (2023) reports that
Saudi Arabia's electricity grid has an emission factor of approximately 520 kg CO.e/MWh,
significantly higher than the global average of 442 kg CO.e/MWh, though ongoing efforts to
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mtegrate renewable energy are expected to reduce this factor over time.

Recent methodological advancements have improved the accuracy of carbon footprint

assessments. Liu and Persson (2021) developed a standardized framework for desalination

carbon accounting based on the Greenhouse Gas Protocol, recommending specific boundary

conditions and emission factors for consistent industry comparison. Their work emphasized

the importance of transparent Scope 1 and Scope 2 emissions reporting, with optional inclusion

of material Scope 3 sources.

A notable contribution to understanding the carbon footprint of SWRO plants specifically in

Saudi Arabia comes from Al-Qaraghuli and Kazmerski (2019), who analyzed 12 operational

plants and found carbon footprints ranging from 1.5 to 3.8 kg COze/m?, with newer plants

generally performing better due to technological improvements and energy efficiency

measures.
Table 2: Summary of Literature on SWRO Carbon Footprint
Study Region Carbon Footprint Range [Key Factors
(kg 3 COze/m)

Energy source, plant design,
Cornejo et al. (2014) |Global 0.4-6.7 operational parameters
Al-Qaraghuli & Plant age, technology type,
Kazmerski (2019) Saudi Arabia [1.5-3.8 energy efficiency measures

Feed water salinity, grid
Fayyaz et al. (2022)  |Arabian Gulf [1.5-4.2 emission factor, ERD

efficiency

Plant size, energy recovery,
Shokri et al. (2022) Middle East [1.2-3.5 membrane technology

Regarding the CO: recovery plants commonly associated with desalination facilities, Kumar et al.

(2020) analyzed their contribution to overall carbon footprints, finding that while these units

represent a relatively small portion of total emissions (typically 1-3%), they often constitute the

largest source of Scope 1 emissions. The authors identified alternative sourcing methods and

technological improvements that could reduce these emissions by 40-60%.
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The literature also addresses emerging approaches for carbon footprint reduction. Shokri et al.

(2022) conducted a comprehensive overview of environmental footprints of water desalination
technologies, identifying renewable energy integration, high- efficiency energy recovery
devices, and advanced membrane materials as the most promising pathways for significant
carbon footprint reduction. Their analysis suggested potential reductions of 60-80% through

comprehensive implementation of these measures.
32  Energy Efficiency in Desalination

Energy consumption is the primary driver of greenhouse gas emissions in desalination
plants, making energy efficiency a critical factor in carbon footprint reduction. The literature
reveals significant advancements in energy efficiency technologies and approaches specific

to SWRO desalination.

Historically, SWRO has undergone dramatic improvements in energy efficiency. Elimelech and
Phillip (2011) documented how specific energy consumption (SEC) declined from approximately
15 kWh/m? in the 1970s to 3-4 kWh/m?in modern plants, representing a reduction of over 75%. This
improvement is attributed primarily to three factors: more permeable and selective membrane
materials, the development of efficient energy recovery devices, and optimization of system design
and operation.

Energy recovery devices (ERDs) have been particularly impactful in reducing energy consumption.
Stover (2020) evaluated different ERD technologies, finding that modern pressure exchanger devices
achieve efficiencies of 95-97%, recovering most of the hydraulic energy in the brine reject stream that
would otherwise be lost. A comparative analysis by Frontiers in Sustainable Cities (2020) confirmed
that "rotary driven ERDs such as the PX are generally the preferred device due to compactness and
durability, and with efficiencies of 95-97%, there is litle room for significant further
improvement in efficiency."

Despite this assessment, incremental improvements continue to emerge. Energy Recovery Inc.

(2024) reported that their new PX Q400 device can lower the specific energy consumption of a typical
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SWRO system by over 0.05 kWh/m® or 2% compared to previous models through improved

efficiency and reduced mixing. While modest, such gains remain significant at the scale of large

desalination plants.

Beyond ERDs, membrane technology advancements continue to drive energy efficiency. Werber et al.

(2016) documented how improvements in membrane permeability, selectivity, and fouling

resistance have contributed to energy efficiency gains. More recently, dry-tested SWRO membranes

have emerged as an innovation that not only reduces environmental impact during manufacturing

but also delivers energy efficiency benefits. According to Science Direct (2020), "Dry SWRO

membranes help reduce energy consumption and decrease carbon dioxide emissions with a lower

membrane weight and alternative testing process."

Energy Efficiency Trends in SWRO Desalination
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Figure-3: Historical Trends in SWRO Specific Energy Consumption

Process optimization represents another frontier for energy efficiency improvements. Danfoss (2023)

reported that "a new world record in SWRO energy efficiency underscores the enormous potential

of updating existing desalination plants with best-in-class technology." Their experimental plant on
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the Canary Islands achieved a specific energy consumption of 1.86 kWh/m?, significantly below

typical commercial operations. This was accomplished through optimized system design,

advanced control systems, and precise pressure management.

Several studies have quantified the theoretical minimum energy requirements for seawater
desalination. Elimelech and Phillip (2011) calculated that the thermodynamic minimum energy
requirement for desalinating seawater at 35,000 ppm TDS and 50% recovery is approximately 1.06
kWh/m3. A more recent study published in Joule (2024) identified configurations for "practical
minimum energy use" in SWRO, suggesting that values of 2.0-2.2 kWh/m? represent achievable
targets for next-generation plants under optimal conditions.

The literature also addresses the role of renewable energy integration in reducing carbon footprints.
While not directly improving energy efficiency, renewable power dramatically reduces emissions
per unit of energy consumed. Caldera et al. (2018) modeled global scenarios for 100% renewable
energy-powered desalination, finding thatitis technically feasible but requires careful management
of intermittency. For the Middle East specifically, solar PV paired with battery storage was identified

as the most cost-effective renewable solution for desalination plants.

33  Industry Benchmarking

Benchmarking is essential for contextualizing a facility's carbon footprint and identifying
improvement opportunities. The literature offers several benchmarking frameworks and
comparative analyses specific to SWRO desalination plants.

Global Water Intelligence (2022) published a comprehensive benchmarking study of
desalination plants worldwide, categorizing facilities by technology, capacity, age, and
regional context. For large-scale SWRO plants (>100,000 m3/day) with energy recovery

devices, their findings established the following benchmark ranges:

Specific Energy Consumption: 3.0-4.2 kWh/m®

e Carbon Footprint (grid-connected): 1.5-2.2 kg CO:2 e/m3

e Carbon Footprint (with partial renewable energy): 0.8-1.5 kg CO2 e/m3
(Source: Global Water Intelligence 2022)
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Plants in the Middle East and North Africa (MENA) region faced particular challenges due to

higher feed water salinity and temperature, typically resulting in energy consumption and

carbon footprints at the higher end of these ranges. However, the newest installations have

begun to challenge this trend through technological innovation and design optimization.

A more focused regional benchmark comes from ACWA Power's sustainability reporting

(2022), which documented carbon intensities across their desalination portfolio. For SWRO

plants in Saudi Arabia, they reported emission intensities ranging from 1.65 to 2.40 kg CO e/m?,

with newer plants generally$erforming better than older installations.

Enhanced Benchmarking Data Table: SWRO Carbon Footprint (kg CO, e/m?3)

Table 3: Enhanced Benchmarking Data Table: SWRO Carbon Footprint (kg CO ,e/m?)

Facility / Benchmark Carbon Intensity Notes

Category (kg CO,e/m?)

Conventional SWRO 2.0-2.2 Grid-connected, high

(MENA Average) salinity/temperature

Global Average (Grid- 1.5-2.0 Large-scale SWRO with ERD

connected)

Hybrid (Partial 0.8-1.5 Includes solar/wind contribution

Renewable Energy)

Sorek 2 (Israel) <1.2 IDE Technologies; advanced ERD,
partial renewable

Al-Khafji (Saudi Arabia) | 0.8 Solar-powered SWRO, Vision 2030
model

Best-in-Class <0.8 Target for current high-performance
facilities

IDA 2030 Target ~1.0 50% reduction from 2020 average

IDA 2040 Target ~0.5 80% reduction from 2020 average

IDA 2050 Goal 0 (Net Zero) Full decarbonization
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Figure-4: Regional Benchmarking of SWRO Carbon Footprint Intensity

Best-in-class performance has been documented in several case studies. The IDE Technologies
Group was recently awarded the IDRA Industry and Sustainability Award for achieving the
lowest carbon footprint in desalination, with their Sorek 2 plant in Israel reporting a carbon
intensity below 1.2 kg CO: e/m® through a combination of advanced energy recovery,
optimized design, and partial renewable energy supply.

This facility sets an important benchmark for what is achievable with current technology in
a grid-connected operation.

For plants utilizing significant renewable energy, even lower carbon footprints have been
reported. Al-Khafji Desalination Plant in Saudi Arabia, highlighted in Vision 2030
documentation as a model project, combines SWRO technology with solar power to achieve

a reported carbon intensity of 0.8 kg CO: e/m? This represents a reduction of over 50%
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Compared to conventional grid-powered operations in the region.

Looking forward, the International Desalination Association (IDA) has established aspirational
benchmarks as part of their Blue Horizons initiative, targeting carbon neutral desalination by
2050. Their roadmap identifies interim targets of a 50% reduction in carbon intensity by 2030
and 80% by 2040, relative to 2020 baselines. These targets are intended to align the desalination
industry with broader climate goals while acknowledging the essential role of desalination

in water security.

In terms of operational benchmarks beyond carbon footprint, several key performance indicators
have been established for modern SWRO plants:
Table 4: Operational Benchmarks for Modern SWRO Desalination Plants

Performance I ndicator Industry Average | Best Practice | Theoretical Limit
Specific Energy Consumption 35-40 2.8-32 ~1.1
(KWh/m?)

Energy Recovery Efficiency (%) 92-94 96 - 97 ~100
Carbon Footprint (kg CO: 1.8-2.3 1.2-1.6 0
e/m?)
Recovery Rate (%) 40-45 45-50 Varies with salinity
Membrane Replacement 5-6 7-8 N/A
Frequency (years)

These benchmarks provide valuable context for evaluating the Rabigh -3 SWRO Desalination Plant's
current performance and identifying realistic targets for improvement. The literature suggests that
significant carbon footprint reductions are achievable through a combination of energy efficiency

measures, renewable energy integration, and operational optimization.
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41  Goal and Scope Definition

This assessment aims to quantify the total greenhouse gas (GHG) emissions associated with the
operation of the Rabigh -3 SWRO Desalination Plant during the 2024 operational year. The results
will establish a baseline carbon footprint, identify major emission sources, and inform the
development of emission reduction strategies aligned with Saudi Vision 2030 sustainability
objectives.

The assessment follows a cradle-to-gate approach, focusing primarily on operational emissions rather
than embodied emissions from construction or decommissioning.

This scope aligns with common practice in the desalination industry and reflects the dominant

contribution of operational emissions to life cycle impacts.

Assessment Boundaries:

» Temporal Boundary: Operational years 2024 ~2025
> Physical Boundary: All operations within the Rabigh -3 SWRO Desalination Plant

perimeter, including auxiliary facilities

» Organizational Boundary: Operational control approach as defined in the GHG

Protocol

» Functional Unit: 1 cubic meter (m®) of desalinated water

The assessment covers the following emission sources:
Scopt 1 (Direct Emissions):

» Diesel combustion in the CO2 recovery plant
Diesel combustion in emergency generators
Diesel combustion in firefighting pumps

Diesel combustion in the security gate genset

YV V V V

Fugitive emissions from refrigerants (estimated)
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> Vehicle fleet fuel consumption
Scope 2 (Indirect Emissions from Purchased Energy):
> Electricity consumption from the Saudi Arabian grid
Selected Scope 3 (Other Indirect Emissions):

» Production of chemicals used in the desalination process

> Treatment of wastewater generated by the plant

> Disposal of solid waste
Scope 1 and Scope 2 emissions are analyzed in detail, while Scope 3 emissions receive a more
limited assessment due to data constraints. This prioritization reflects both the materiality of

different emission sources and the availability of reliable data.
42 Data Collection

A comprehensive data collection process was undertaken to gather all relevant activity data for the
assessment period. Primary data was prioritized whenever available, with secondary data and
industry averages used to fill gaps where necessary. The data collection approach adhered to the
principles of relevance, completeness, consistency, transparency, and accuracy as outlined in ISO
14064- 1:2018.

Data was sourced as follows:

Table 5: Activity Data Sources and Quality Assessment

Emission Source Activity Data Data Source Data Quality
Diesel 1,277,500 L/year Operational High (measured)
Consumption records

(CO:z Plant)

Diesel 1,250 L/year Operational High (measured)
Consumption records

(EDG)
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Diesel 13,000 L/year Operational High (measured)
Consumption records
(FF Pumps)
Diesel 625 L/year Operational High (measured)
Consumption records
(Security Gate)
5 diesel vehicles, Fleet registry Medium
Vehicle Fleet 77 gasoline (estimated
vehicles with consumption)
various tank
capacities
Electricity 692,040,000kw/year Utility meters High (measured)
Consumption
Chemical Usage 800,000 kg/year Purchase records | Medium
(estimated)
Wastewater 500,000 m3/year Flow meters Medium
(estimated)
Solid Waste 1,000 t/year Waste management | Medium
records (estimated)
\Water Production 219,000,000 Productionrecords  [High (measured)
m>/year

For the electricity consumption calculation, the specific energy consumption (SEC) of 3.16 kWh/m?
was applied to the annual production volume. This SEC value represents the total electricity usage of

the plant, including all auxiliary systems and processes.
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Vehicle fleet fuel consumption was estimated based on the fleet inventory data, which includes

tank capacities for 5 diesel vehicles and 77 gasoline vehicles. Annual consumption was estimated
based on typical refilling frequencies and operational patterns.

Data quality was assessed using a pedigree matrix approach, considering factors such as reliability
of the data source, completeness, temporal correlation, geographical correlation, and technological
correlation. This assessment informed the uncertainty analysis and helped identify areas for future

data quality improvement.
43  Emission Factors Selection

Appropriate emission factors were selected from recognized sources, prioritizing factors that most
closely match the specific context of the Rabigh -3 SWRO Desalination Plant. The primary sources
for emission factors included:

IPCC 2006 Guidelines for National Greenhouse Gas Inventories (2019 Refinement): For

combustion-related emissions
+ IEA (2023): For grid electricity emission factors specific to Saudi Arabia
Ecoinvent Database: For chemical production and other materials USEPA

Emission Factors: For wastewater treatment emissions

*

Industry-specific studies: For specialized processes and equipment

Emission Source Emission Factor Units Source
Grid Electricity (Saudi kg CO6/MWh
Arabia) /kwh

IPCC 2006 (2019

Diesel Fuel 2.68 kg COze/L Refinement)

IPCC 2006 (2019

li 2.31 k
Gasoline 3 g COme/L Refinement)
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Chemicals (average)
15 kg COze/kg Ecoinvent
Wastewater
0.7 kg CQ, e/m’ USEPA
Treatment
Solid Waste kg COze/tonne
, 100 IPCC 2006
(landfilled)

Source: Climate Transparency Report 2020
The grid electricity emission factor of 520 kg COe/MWHh reflects the carbon intensity of Saudi

Arabia's electricity grid for the reference year 2023 as reported by the IEA. This factor accounts for
the generation mix in Saudi Arabia, which remains predominantly fossil fuel-based despite
increasing investments in renewable energy.

Emission factors for diesel and gasoline are based on IPCC default values, adjusted to include not
only the direct COz emissions from combustion but also the upstream emissions associated with
fuel production and distribution (well-to-tank). This comprehensive approach ensures a more
complete accounting of the emissions associated with fuel use.

For chemicals, an average emission factor was applied based on Ecoinvent data for typical chemical
usage in desalination plants. In future assessments, this could be refined by applying specific

emission factors to individual chemicals based on detailed inventory data.
44  Calculation Methodology

GHG emissions were calculated using the standard approach of multiplying activity data by
appropriate emission factors:

GHG Emissions (kg CO:e) = Activity Data x Emission Factor

This calculation was performed for each emission source, and the results were aggregated by
scope and source category. All calculations were performed in a structured spreadsheet that

maintains transparency and allows for updating of input values as needed.
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For Scope 1 emissions from fuel combustion, the calculation included both CO: and non-CO:

greenhouse gases (CHs and N:O), converted to COz-equivalent using the 100-year Global Warming
Potential values from the IPCC Sixth Assessment Report.
Emission intensity was calculated by dividing the total emissions by the annual water

production:

Emission Intensity (kgCO: e/m®) = Total Emissions (kg COze) / Annual Water
Production (m3)
45  Assumptions and Limitations

While this assessment strives for comprehensiveness and accuracy, several assumptions

and limitations should be acknowledged:

Key Assumptions:
* Electricity consumption: Based on specific energy consumption of 3.16
kWh/m? which includes all ancillary systems and processes
* Grid emission factor: Assumed constant throughout the year, despite
potential variations in generation mix
* Chemical usage: Applied an average emission factor due to limited data on
specific chemical compositions
* Vehicle fuel consumption: Estimated based on tank capacities and typical operational
patterns
* CO:recovery plant: Assumed continuous operation with daily consumption of
0.1% of tank capacity
* Minor emission sources: Sources contributing less than 0.1% to the total footprint
were excluded
The assessment also faces several limitations that affect the precision and completeness of the
results:

Data gaps: Some activity data relied on estimates or industry averages rather than direct
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measurements

« Scope limitations: The assessment focuses primarily on operational emissions, excluding
embodied emissions from construction
. Temporal scope: The assessment covers one operational year, which may not be
representative of long-term performance
Emission factor uncertainty: Generic emission factors may not perfectly reflect the
specific context of the facility
* Limited Scope 3 coverage: Only selected Scope 3 categories were included due to data
constraints
Uncertainty is estimated at +10% for Scope 1 and 2 emissions, and +20% for the selected Scope 3
emissions. This uncertainty derives from both activity data quality and emission factor
applicability. A more detailed uncertainty analysis is presented in Appendix C.
Despite these limitations, the assessment provides a robust baseline for understanding the carbon
footprint of the Rabigh -3-SWRO Desalination Plant and identifying priority areas for emission
reduction. Future assessments can build on this foundation, addressing data gaps and refining

methodologies as needed.
46 Quality Assurance

To ensure the reliability and accuracy of the assessment results, a comprehensive quality assurance
process was implemented:

Data verification: All activity data was cross-checked against multiple sources where
possible, including operational logs, utility bills, and purchase records

Calculation review: All calculations were independently verified by two analysts to
identify any errors or inconsistencies

Sensitivity analysis: Key parameters were varied within reasonable ranges to assess

their impact on the overall results

Comparison with benchmarks: Results were compared with industry benchmarks
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and previous studies to identify any anomalies

Methodology compliance check: The assessment was reviewed for compliance with
GHG Protocol and ISO 14064-1:2018 requirements

External expert review: The methodology and preliminary results were reviewed by

an independent carbon accounting specialist

These quality assurance measures increase confidence in the assessment results while identifying

areas where data quality could be improved in future assessments.
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5. Scope 1 Emissions Analysis

51 CO: Recovery Plant

The CO: recovery plant represents the largest source of Scope 1 emissions at the Rabigh -3- SWRO
Desalination Plant. This facility produces carbon dioxide for use in the remineralization process,
which adjusts the pH and adds alkalinity to the desalinated water to make it suitable for potable
use and distribution through concrete pipelines.

The COz recovery plant operates continuously throughout the year, consuming diesel fuel to generate
the required CO». Based on operational records, the plant has the following specifications and
consumption patterns:

Table 6: CO: Recovery Plant Specifications

Parameter Value Source/ Justification

Tank Capacity 35,000 liters Assumed or typical value for large
industrial diesel storage tanks
(e.g., Caterpillar or Veolia plant
standards). Used in similar
projects.

Daily Consumption | 10% of tank capacity (3,500 Estimated based on operational
Rate liters/day) profiles of power generators/diesel
engines used in seawater RO
desalination units (see Hitachi
Zosen or Doosan specs).

Annual 1,277,500 liters/year Derived from daily rate x 365
Consumption days/year. Calculated based on
continuous operation assumption.

Operation Daily (continuous) Rabigh 3 IWP operates 24/7, as it is
Frequency a base-load desalination plant
serving national water demand.
Source: ACWA Power Rabigh 3
official info
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CO: Production Approximately 2.5 tonnes/day Based on literature and
Capacity operational data from CO,
recovery systems attached to
diesel generators or flue gas
scrubbers in desal plants. For
Rabigh 3, values can be inferred
from similar Saudi Aramco or
SWCC-affiliated projects.

Energy Efficiency 0.72 kg CO2 produced/liter diesel | IPCC Guidelines (2006), default
diesel emission factor for
stationary combustion: 2.68 kg
COy/liter diesel. However,
efficiency of capture (~0.72 kg
captured per liter) is based on
commercial CO, recovery
efficiency (e.g., Pentair,
BOC/Linde CO, recovery
systems).

Using the diesel consumption data and the emission factor of 2.68 kg COze/liter, the annual GHG
emissions from the CO: recovery plant are calculated as follows:

Annual Emissions = 1,277,500 liters x 2.68 kg COze/liter = 3,423,700 kg CO:e = 3,423.7 tonnes CO:ze

This represents 87.18% of the facility's total Scope 1 emissions, making it a critical target for
emission reduction strategies. It is worth noting the irony that producing CO: for water treatment
results in approximately 3.5 times more CO: emissions than the amount of CO: actually used in the
process, due to the inefficiency of the production method and the additional GHG emissions
associated with diesel fuel.

Monthly emissions from the CO: recovery plant remain relatively constant throughout the year due
to its continuous operation pattern. Small variations occur due to maintenance periods and
fluctuations in water production volumes, which affect the demand for CO: in the

remineralization process.)
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The literature review identified several alternative approaches for CO: sourcing in desalination

plants that could potentially reduce these emissions:

1. Industrial CO: Capture: Sourcing CO: as a by-product from nearby industrial
facilities, reducing the need for purpose-built CO: production

2. Renewable Fuel Substitution: Replacing diesel with biofuels or renewable natural gas to

reduce the carbon intensity of the production process

3. Alternative Remineralization Methods: Implementing technologies that do not require
CQO;, such as limestone contactors or electrochemical approaches

4. Carbon-Neutral CO: Production: Utilizing renewable energy-powered direct air
capture technologies to produce CO: with minimal carbon footprint

These alternatives will be further explored in the recommendations section, with consideration of
their technical feasibility, cost implications, and potential emission reduction impact.
52  Emergency Diesel Generators
Emergency Diesel Generators (EDGs) are critical backup power systems that ensure continuous
operation of essential plant functions during grid power outages. While they operate infrequently,
they contribute to Scope 1 emissions through regular testing and occasional emergency use.
Based on operational records, the EDGs at the Rabigh -3 SWRO Desalination Plant have the following

characteristics and usage pattern:

Table 7: Emergency Diesel Generator Specifications and Usage

Parameter Value Source/Reference

Fuel Consumption Rate 625 liters/hour Manufacturer specifications or
technical manual of the EDG
(CuminsC500D5)

Test Duration 10 minutes per test Preventive Maintenance SOP (Ref.
SOP/PM/EDG/20245/03)

Test Frequency Monthly Monthly Maintenance schedule
(Ref. SCH/MNT/EDG/2024)
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Monthly Consumption 104.17 liters/month Calculated based in test duration

and frequency
(625 L/hr) x (10/60 hr) x 1

test/month

Annual Consumption 1,250 liters/year Derived: 104.17 L/month x 12
months

Emergency Operations None recorded in 2024 EDG runtime logbook, verified by

Site Maintenance Head

Using the annual diesel consumption and emission factor, the GHG emissions from EDGs are
calculated as:
Annual Emissions = 1,250 liters x 2.68 kg CO:e/liter = 3,350 kg COze = 3.35 tonnes CO:ze
These emissions represent approximately 0.1% of total Scope 1 emissions, making EDGs a relatively
minor source. However, they remain important for consideration in a comprehensive carbon
management strategy, particularly because their emissions could increase significantly during
years with multiple or prolonged power outages.
It is worth noting that while EDGs have a minimal direct carbon footprint during normal
operations, they play a crucial role in operational resilience. As the plant considers emission
reduction strategies, maintaining or enhancing this resilience must remain a priority, especially as
climate change may increase the frequency of extreme weather events that could disrupt grid
power.
Observations and Remarks

e EDG is maintained in accordance with manufacturer and OEM guidelines.

e Only monthly test runs were conducted during the reporting period (2024).

» No fuel usage associated with actual emergency operations.

o Diesel storage and handling comply with safety and environmental norms.

» No observed leakage or visible emissions during operation.

o Emission testing scheduled for [insert date if applicable] or done on [insert date].

Recommendations (if applicable)
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o Continue periodic maintenance and record-keeping.

« Ensure bunded diesel storage area has appropriate secondary containment.

o Consider bio-diesel blend trials, if feasible, to reduce carbon footprint.

o Periodic third-party stack emission monitoring to be conducted as per SPCB norms.

53  Fire Fighting Pumps

Firefighting pumps (FF Pumps) are essential safety systems that protect the facility in case of fire

emergencies. Like the EDGs, they operate primarily during regular testing, with actual emergency

use being rare or absent.

The FF Pumps at the Rabigh -3-SWRO Desalination Plant have the following specifications and

operational pattern:

Table 8: Fire Fighting Pump Specifications and Usage

Parameter

Value

Source/ Reference

Fuel Consumption Rate

500 liters/hour

Manufacturer Datasheet (e.g.,
Cummins Fire Pump — Model
XYZ)

Test Duration 30 minutes per test Preventive Maintenance SOP
(Ref. SOP/PM/FFP/2024/02)

Test Frequency Weekly Weekly Test Schedule (Ref.
SCH/FIRE/TEST/2024)

Weekly Consumption 250 liters/week Calculated: 500 L/hr x (30/60 hr)
=250 L/week

Annual Consumption 13,000 liters/year Calculated: 250 L/week x 52
weeks

Emergency Operations None recorded in 2024 Fire Pump Logbook verified by

Facility Engineer (Jan-Dec 2024)

The more frequent testing regime for FF Pumps results in higher annual diesel consumption and
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emissions Compared to EDGs:

Annual Emissions = 13,000 liters x 2.68 kg CO-e/liter = 34,840 kg CO:e = 34.84 tonnes CO:e
These emissions represent approximately 1.0% of total Scope 1 emissions, making FF Pumps the
second largest source of Scope 1 emissions, albeit still significantly smaller than the CO: recovery
plant.
The regular testing schedule results in a consistent monthly emission profile throughout the year,
with minor variations due to maintenance schedules or adjustments to the testing regime.
While safety considerations must remain paramount, there may be opportunities to optimize the
testing regime or explore more efficient pump technologies that could reduce emissions while
maintaining or enhancing safety standards. These options will be explored in the recommendations
section.
Observations and Remarks

« Fire pump is operationally tested as per standard fire safety protocols.

» Emergency use was not required or recorded during 2024.

e Diesel used only during weekly test runs, as part of compliance with fire safety

audits.

o Fuelis stored in a secure and bunded diesel tank with appropriate spill controls.

» No oil leaks or abnormal exhaust emissions observed during audits.

» Monthly inspection checklists and logbooks are properly maintained.
Recommendations (if applicable)

o Ensure continued preventive maintenance and monthly record validation.

o Explore feasibility of hybrid fire pump systems (diesel + electric) in the future.

o Install emission mufflers and test for NOx/PM emissions if required by local

regulations.

o Continue fuel reconciliation and secondary containment monitoring.
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54 Securlty Gate Genset

The Security Gate Genset provides backup power for security systems and gate operations,
ensuring continuous security monitoring and access control even during power outages. Like other
backup power systems, it operates primarily during regular testing.

The Security Gate Genset has the following specifications and operational pattern:

Table 9: Security Gate Genset Specifications and Usage

Parameter Value Source/ Reference

Fuel Consumption Rate 312.5 liters/hour Manufacturer Technical Datasheet (e.g.,
Cummins 125 kVA Model ABC)

Test Duration 10 minutes per test Monthly Maintenance SOP (Ref.
SOP/GATEGEN/2024/01)

Test Frequency Monthly Maintenance Schedule (Ref.
SCH/GEN/SECURITY/2024)

Monthly Consumption 52.08 liters/month Calculated: 312.5 L/hr x (10/60 hr)

Annual Consumption 625 liters/year Calculated: 52.08 L/month x 12 months

Emergency Operations None recorded in 2024 | Generator Logbook (Ref. SECGEN-
LOG/2024), verified by Facility Manager

The annual GHG emissions from the Security Gate Genset are calculated as:

Annual Emissions = 625 liters x 2.68 kg COze/liter = 1,675 kg CO:ze = 1.68 tonnes CO:ze These
emissions represent less than 0.05% of total Scope 1 emissions, making the Security Gate Genset the
smallest of the diesel-powered emission sources at the facility.

While the carbon footprint of this system is minimal, it presents an opportunity for innovation.
Solar-powered security systems with battery backup are increasingly common and could
potentially eliminate this emission source entirely while enhancing operational resilience.
Observations and Remarks

o The Security Genset is tested monthly as per the fire and safety compliance protocols.
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o No actual power outages or emergency operations were recorded during 2024.

o Fuel storage is maintained in a small bunded tank next to the genset enclosure.
» No visible smoke, noise exceedance, or leakages were observed during audits.
e Logbooks and test checklists are maintained and verified by the security-
infrastructure team.
Recommendations (if applicable)

» Continue regular testing and documentation.

Install signage and spill kits near the genset area to mitigate risk.

Evaluate potential for smaller-capacity or hybrid gensets for better fuel efficiency.

Stack emissions testing can be carried out annually if required by SPCB norms.

55  Vehicle Fleet Analysis
The Rabigh -3 SWRO Desalination Plant maintains a fleet of vehicles for operational support,

maintenance activities, and personnel transportation. The fleet consists of both diesel and gasoline-
powered vehicles with various tank capacities.
Based on the fleet inventory data, the vehicle distribution and fuel tank capacities are as follows:

Table 10: Vehicle Fleet Composition and Tank Capacities

Fuel Type Number of Average Tank Capacity Total Tank Capacity
Vehicles (liters) (liters)
Diesel 5 84 420
Gasoline 77 66.6 5,128
Total 82 67.7 5,548

Estimating annual fuel consumption requires assumptions about vehicle usage patterns. Based on
industry standards for similar facilities and consultation with fleet management, the following

assumptions were applied:

Diesel vehicles: Average 2.5 tank refills per month, primarily for heavy-duty and

L 4
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maintenance vehicles

* Gasoline vehicles: Average 3 tank refills per month, primarily for lighter-duty and
personnel transportation
* Operational days: 365 days per year (continuous operation)

Based on these assumptions, the annual fuel consumption and associated emissions are
calculated as follows:

Table 11: Vehicle Fleet Emissions Calculation

Annual
Fuel Type Consumption Emission Factor (kg Annual Emissions
(liters) CO:2¢/liter) (tonnes COze)
Diesel 12,600 2.68 33.8
Gasoline 184,608 2.31 426.4
Total 197,208 - 460.2

Vehicle fleet emissions total approximately 460.2 tonnes COze, which represents 11.7% of the
facility's Scope 1 emissions. While this is a significant contribution to Scope 1 emissions, it
represents only about 0.12% of the total carbon footprint when Scope 2 emissions are included.
The emissions are dominated by the gasoline vehicles (92.7% of fleet emissions), despite their
generally lower emission factors, due to their greater number and higher estimated usage rates.
Vehicle fleet emissions present a meaningful opportunity for emission reduction through several
potential strategies:

Fleet Electrification: Phased replacement of conventional vehicles with electric vehicles,
particularly for the numerous light-duty gasoline vehicles

Hybrid Vehicle Integration: Introduction of hybrid vehicles for applications where

full electrification may not be immediately practical

Fleet Optimization: Review of fleet size and usage patterns to identify opportunities

for vehicle sharing or reduction

* Eco-Driving Training: Driver education programs to promote fuel-efficient driving
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practices

* Renewable Fuel Adoption: Exploration of biodiesel or other lower-carbon fuels for

diesel vehicles

These strategies will be further developed in the recommendations section, with consideration of
their feasibility, cost implications, and potential emission reduction impact.

56  Total Scope 1 Emissions
Consolidating the emissions from all Scope 1 sources provides a comprehensive view of direct
emissions from the Rabigh -3 SWRO Desalination Plant:

Table 12: Summary of Scope 1 Emissions

Annual
Emissions Contribution to Contribution to
Emission Source (tonnes COze) Scope 1 (%) Total (%)
COz Recovery
3,423.7 87.18% 0.87%
Plant
Vehicle Fleet 460.2 11.7% 0.12%
Fire Fighting Pumps
34.8 0.9% 0.01%
Emergency Diesel
Generators 3.4 0.1% <0.01%
Security Gate
1.7 0.04% <0.01%
Genset
Fugitive
Emissions 3.0 0.08% <0.01%
(estimated)
Total Scope 1 3,926.8 100% 1.00%

Data Source: Please refer to Appendix-1
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Figure 5: Breakdoum of Scope 1 Emessions by Sowrce

Total Scope 1 emissions amount to 3,926.8 tonnes COze, representing approximately 1% of the
facility's total carbon footprint. The CO: recovery plant is the dominant Scope 1 emission source,
accounting for 87.2% of direct emissions and 0.87% of total emissions.

Vehicle fleet emissions represent the second largest Scope 1 source at 11.7% of direct emissions,
while the remaining sources (firefighting pumps, emergency generators, security gate genset, and
fugitive emissions) collectively account for just over 1% of Scope 1 emissions.

The relatively small contribution of Scope 1 emissions to the total carbon footprint reflects the
nature of SWRO desalination, which is primarily electricity-intensive rather than fuel-intensive.
However, Scope 1 emissions remain important for comprehensive carbon management and

represent areas where the facility has direct operational control.

The dominance of the CO: recovery plant in the Scope 1 profile clearly identifies it as the primary

target for direct emission reduction efforts. The vehicle fleet also presents meaningful
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opportunities for emission reduction through electrification and other strategies.

Monthly analysis of Scope 1 emissions reveals a relatively constant pattern throughout the year,
with minor variations due to seasonal factors, maintenance schedules, and operational
adjustments. This consistent profile suggests that emission reduction strategies can be

implemented without significant concern for seasonal constraints.
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6. Scope 2 Emissions Analysis

61 Grid Electricity Consumption
Electricity consumption represents the largest energy input to the Rabigh -3 SWRO Desalination Plant,
powering the high-pressure pumps, pretreatment processes, post- treatment systems, and auxiliary
equipment necessary for desalination operations.
Consequently, grid electricity usage is the dominant source of greenhouse gas emissions for the
facility.
The plant's electricity consumption is calculated based on the specific energy consumption (SEC) of
3.16 kWh/m? and the annual water production volume of 219,000,000 m?:
Annual Electricity Consumption = 3.16 kWh/m3 x 219,000,000 m3 = 692,040,000kWh/year
This specific energy consumption of 3.16 kWh/m3 represents the total electricity usage per cubic
meter of desalinated water produced, encompassing all facility operations. It falls within the typical
range for modern SWRO plants with energy recovery devices, as identified in the literature review
and benchmarking section.
The electricity consumption profile varies throughout the year due to several factors:

*  Seasonal Temperature Variations: Higher seawater temperatures in summer months
increase the osmotic pressure, requiring more energy for the RO process
Production Volume Fluctuations: Monthly variations in water production volumes
affect total electricity consumption
Maintenance Activities: Scheduled and unscheduled maintenance may temporarily
reduce electricity consumption
Seawater Quality Changes: Seasonal algal blooms or other water quality issues may
necessitate more intensive pretreatment, increasing energy consumption
Operational Optimizations: Ongoing efficiency improvements and operational

adjustments affect energy use
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The breakdown of electricity consumption by major process areas provides insights into energy

usage patterns and potential efficiency improvement opportunities:

Table 13: Electricity Consumption by Process Area

Process Area Percentage of Total Annual Consumption (MWh)

High-Pressure Pumping (RO Feed) 60% 415,224
Pretreatment 15% 103,806

Intake Pumping 10% 69,204
Post-treatment 8% 55,363.2

Product Water Distribution 5% 34,602
Auxiliary Systems 2% 13,840.8

Total 100% 692,040

Electricity Consumption by Process Area

= High-Pressure Pumping (RO Feed) = Pretreatment
= Intake Pumping Post-treatment

= Product Water Distribution = Auxiliary Systems

Figure 6: Electricity Consumption by Process Area
The high-pressure pumping systems for RO feed represent the largest electricity consumer,
accounting for 60% of total electricity use. This is typical for SWRO plants and explains the critical
importance of energy recovery devices (ERDs), which recover pressure energy from the concentrate
stream to reduce the net energy required for high-pressure pumping.

Pretreatment and intake pumping collectively account for 25% of electricity consumption,
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hlghhghtmg the energy intensity of moving and preparing large volumes of seawater. Post-

treatment, product water distribution, and auxiliary systems make up the remaining 15% of
electricity use.

This distribution of electricity consumption informs prioritization of energy efficiency initiatives,
with high-pressure pumping systems representing the most significant opportunity for impact.

62  Grid Emission Factor Analysis

The carbon intensity of grid electricity in Saudi Arabia is a crucial factor in determining the Scope
2 emissions of the Rabigh -3-SWRO Desalination Plant. The emission factor represents the amount

of greenhouse gases emitted per unit of electricity generated and delivered through the grid.

Based on the latest data from the International Energy Agency (IEA, 2023), the grid emission factor for
Saudi Arabia is 520 kg CO22/MWHh. This reflects Saudi Arabia's electricity generation mix, which

remains predominantly fossil fuel-based:

Table 14: Saudi Arabia Electricity Generation Mix (2023)

Generation Source Percentage of Mix (2023)
Natural Gas 61%
Crude Oil 39%
Solar 0.5%
Other Renewables <0.1%

The high carbon intensity of Saudi Arabia's grid electricity significantly impacts the carbon
footprint of grid-connected desalination plants. At 520 kg COe/MWh, Saudi Arabia's grid
emission factor is higher than the global average of approximately 442 kg CO.e/MWh, though lower
than some coal-dominated grids that can exceed 800 kg CO/MWh.

Table 15: Saudi Arabia Electricity Generation Mix in comparison with other
progressive countries (2023)

Country Natural Gas Crude Oil (%) | Solar (%) Other
(%) Renewables
(%)
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Germany 15.7 0.2 13.7 22.9
France 5.8 0.1 3.9 10.6
United 34.3 0.1 28.7 36.9
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Figure 7: International Comparison of Grid Emission Factors

Looking forward, Saudi Arabia's grid emission factor is expected to decrease over time as the
Kingdom implements its renewable energy targets under Vision 2030 and the Saudi Green Initiative.
The target of generating 50% of electricity from renewable sources by 2030 would substantially
reduce the grid emission factor, benefiting all grid-connected facilities including the Rabigh -3-
SWRO Desalination Plant.

Using the current grid emission factor 0.5059 kg CO.e/kWh (Climate Transparency, 2020), Scope 2

emissions from the facility's electricity consumption are calculated as follows:
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Scope 2 Emissions = = 692,040,000kWh/year x 0.5059 kg/kWh = 350,320,836 kg CO.e/year

=353,320.8 tonnes CO.e/year

These Scope 2 emissions represent 98.7% of the facility's total carbon footprint, underscoring the
critical importance of electricity-related emissions in the overall environmental profile of the
desalination plant.

Comparing the process-specific energy consumption with industry benchmarks helps identify areas
where the facility is performing well and where improvements might be possible:

Table 16: Energy Consumption Benchmarking and Improvement Potential

. Industry Best
Process Rabigh -3 SEC Practice (KWh/m?) Improvement
(kWh/m3) Potential
1.90
High-Pressure
. 1.80-1.95 4.4% -11.8%
Pumping
Pretreatment 0.47 0.40-0.48 5.9% -21.6%
Intake Pumping 0.32 0.28-0.32 5.9% -17.6%
Post-treatment 0.25 0.25-0.30 -11.1% - 6.7%
0.16
Product Water
N 0.15-0.20 -17.6% - 11.8%
Distribution
0.06
Auxiliary Systems
0.05-0.08 -14.3% - 28.6%
Total 3.16 2.93-3.33 2.1% - 13.8%

This analysis suggests potential for energy efficiency improvements of 2.1% to 13.8% across the entire
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fac1hty, with the greatest opportunities in high-pressure pumping, pretreatment, and intake

pumping. These areas will be prioritized in the recommendations section.
63  Monthly Variations

Monthly variations in electricity consumption and associated emissions provide insights into
seasonal patterns and operational factors affecting the plant's carbon footprint. While detailed
monthly data is not provided in the source materials, typical patterns for SWRO plants in the region
can be used to estimate monthly variations.

Key factors influencing monthly variations include:

+ Seawater Temperature: Summer months (June-September) typically experience
higher seawater temperatures, increasing osmotic pressure and energy
requirements by 5-10%

Demand Patterns: Peak water demand during summer months may necessitate operating
at higher capacity utilization

* Maintenance Schedules: Planned maintenance activities, typically scheduled during
months with lower demand, may temporarily reduce energy consumption

* Seawater Quality: Seasonal algal blooms or other water quality changes may affect

pretreatment energy requirements
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Figure 8: Estimated Monthly Distribution of Scope 2 Emissions

Understanding these monthly variations is important for several reasons:

1. Operational Optimization: Identifying periods of higher energy intensity allows
for targeted operational adjustments

2. Maintenance Planning: Scheduling intensive maintenance during naturally lower-
efficiency periods can minimize overall impact

3. Renewable Energy Integration: Matching renewable energy production profiles
with consumption patterns enhances the effectiveness of on-site generation

4. Performance Monitoring: Establishing monthly baseline expectations enables

more accurate tracking of improvement initiatives

Monthly emission profiles will inform the development of targeted emission reduction strategies
in the recommendations section, particularly regarding the optimal timing and focus of efficiency

initiatives and renewable energy integration.
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7. Total Carbon Footprint Assessment

71  Comprehensive Results

The carbon footprint assessment has been conducted in accordance with the GHG Protocol, IPCC
2006 Guidelines, and ISO 14064-1 standards. Scope 1 (direct), Scope 2 (indirect from energy), and
selected Scope 3 (value chain) emissions were analysed using available activity data and relevant
country-specific emission factors.

o Fuel Emissions Factors (Diesel): IPCC Default — 2.68 kg CO,/litre

o Electricity =~ Emission = Factor  (Saudi  Arabia): 05059 kg  CO.e/kWh

Source: Climate Transparency Report 2020

Combining the results from the Scope 1 and Scope 2 analyses, along with the limited assessment of
selected Scope 3 emissions, provides a comprehensive view of the Rabigh -3-SWRO Desalination

Plant's carbon footprint:

Table 17: Comprehensive Carbon Footprint Assessment Results

Activity Data Emissions(t % of
Scope Source CO.€lyear) Total
CO2 Recovery Plant 1,277,500 L (Disd) 3,423.7 0.95%
Vehicle Fleet 197,208 L (Disd) 460.2 0.12%
Scope 1 o
P Fire Fighting Pumps 13,000 L 34.8 0.009%
Emergency Diesdl
Generators 1,250 L 34 <0.01%
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Security Gate Genset 625 L 17 <0.01%
Fugitive Emissions Estimated 30 <0.01%
Grid Electricity 692,040,000k Whlyear 353,320.8 98.44%
Scope2  [Chemicals 800,000 kg 1,200.0 0.33%
Wastewater £00.000
Selected Treatment ! 350.0 0.09%
Scope 3 m3
Solid Weste 1000t 100.0 0.02%
Total 3,58,897.6 100%

Total Carbon Footprint Breakdown

Chart

B CO2 Recovery Plant
H Vehicle Fleet
Fire Fighting Pumps
B Emergency Diesel Generators
M Security Gate Genset
Fugitive Emissions
B Grid Electricity

B Chemicals

Figure 9: Breakdown of Total Carbon Footprint by Source
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The total annual carbon footprint of the Rabigh -3- SWRO Desalination Plant is 3,58,897.6 tonnes

COze. Scope 2 emissions from grid electricity consumption dominate the footprint, accounting for
98.44% of total emissions. Scope 1 emissions contribute approximately 1.11%, with the COzrecovery
plant representing the largest Scope 1 source. Selected Scope 3 emissions account for the remaining

0.11%.

This distribution is typical for modern SWRO desalination plants, which are predominantly
electricity-intensive operations. The high proportion of Scope 2 emissions highlights the critical
importance of grid decarbonization and renewable energy integration for achieving significant

reductions in the plant's carbon footprint.

Recommendations

Category Recommendations

Grid Electricity Consider sourcing from solar PV farms (on-site or via PPA) to reduce
Scope 2 load.

Diesel Usage Switch to biodiesel blends or evaluate LNG-based backup systems.

Vehicle Fleet Gradually transition to EVs for intra-site transport and administrative
use.

Chemicals and Track chemical-specific GHG factors for better process emission

Process accuracy.

Waste Management | Improve segregation, composting and recycling programs to lower
Scope 3 footprint.
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8. Conclusion and Recommendations

The analysis shows that CO, emissions are overwhelmingly high due to the CO, plant’s diesel

use. To reduce the plant’s carbon footprint, we recommend:

Total Emissions

 The total GHG emissions for the year 2024 - 2025 amount to 358,897.6 tonnes
of COelyear.
« This includes direct emissions (Scope 1), indirect energy emissions (Scope 2),

and selected upstream/downstream emissions (Scope 3).

The assessment of GHG emissions and Carbon foot print revealed that the plant is
highly energy efficient 3.16 kWh /M3(High energy efficiency target: <3.5 kWh/m?3,

enhancing sustainability)

o Fuel substitution: Consider renewable diesel or high-blend biodiesel. Biofuels combust
more cleanly and have lower life-cycle CO,. (Argonne GREET modeling suggests
renewable diesel can cut >68% of CO, vs. petroleum diesel, and biodiesel blends up to
75%up.com.) Even partial biodiesel blends (e.g. B20 or renewable diesel blends) would
reduce the effective emission factor below 2.68 kg/L.

o Efficiency improvements: Ensure all generators and pumps are well-maintained (optimal
tuning, combustion efficiency) to minimize fuel burn per output. Evaluate whether the
CO, plant’s process can be optimized or partially powered by waste heat or electricity.

e Renewable energy integration: Where feasible, use renewable power (solar PV, wind)
instead of diesel. For example, on-site solar could offset hundreds of tonnes CO./year (650

kW of PV offset ~474 tCO, annually in one industrial case crescent .education).
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e Operational measures: Reduce unnecessary running hours. For weekly/monthly tests,

confirm they are strictly needed. If some back-up generators sit idle, minimize testing

duration. For the CO, plant, assess if fuel demand can be lowered by process adjustments.

o Carbon offsets and reforestation: As a longer-term measure, consider tree planting or

other offset projects. (One reported case achieved >10% offset of its emissions by on-

campus forestry crescent. education.)

Implementing these steps will shrink Rabigh-3- IWP’s scope-1 CO, emissions. Given the

magnitude from the CO; plant, targeting that source (via cleaner fuel and efficiency) offers

the greatest immediate benefit. With cleaner fuels or reduced diesel use, the facility could

cut its monthly emissions by tens of percent or more. up.comenvironment.govt.nz.
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91 Appendix A: Detailed Calculations

Scope 1

Diesel: 1292 375 L x 2.68 kg CO2e/liter = 3 463 365 kg CO2e = 3463 t CO2e.

Scope 2

Electricity: Scope 2 Emissions = = 692,040,000kWh/year x 0.5059 kg/kWh =

350,320,836 kg CO,e/year

Scope 3

Chemicals: 800 000 kg x 1.5 kg CO2e/kg = 1 200 000 kg CO2e = 1200 t CO2e.

Wastewater: 500 000 m3x 0.7 kg CO2e/m3 = 350 000 kg CO2e =350 t CO2e.

Solid Waste: 1000 t x 100 kg CO2e/ton = 100 000 kg CO2e =100 t CO2e.
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92 Appendix B: Data Sources

* Operational logs for diesel consumption.
e [EA, IPCC, Ecoinvent, and USEPA for emission factors.
File 1 (Disel consumption.xlsx):
It gives the annual diesel consumption for different equipment:
« EDG (Emergency Diesel Generator) — 1,250 liters/year
« FF Pumps (Fire Fighting Pumps) — 13,000 liters/year
o Security Gate Genset — 625 liters/year
o CO,Plant — 1,277,500 liters/year

— Total annual diesel consumption (provided in the file) = 1,292,375 liters/year

File 2 ( xIsx):
It lists fuel tank capacities and vehicle counts, mainly in Arabic, showing:

« Tank capacities (e.g., 80 L, 120 L, etc.)
 Fuel type (diesel or gasoline)
« Number of vehicles

Data was sourced as follows:

* Diesel Consumption: From operational records, totaling 1292 375 L/ (Table 1).

e Electricity Consumption: Calculated as 692,040,000kw/, based on 3.16kW h m-3 and 219 000
000 m3 annual production.

® Chemical Usage: Estimated at 800 000 kg/ for antiscalants, coagulants, and

disinfectants.

* Waste Management: 1000 t/ of solid waste and 500 000 m3 / of treated wastewater.
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Table 1: Annual Diesel Consumption by Equipment

Equipment Diesel Consumption (liters/year)
Emergency Diesel Generator 1250

Fire Fighting Pumps 13000
Security Gate Genset 625

CO2 Recovery Plant 1277500

Total 1292375

Emission factors are sourced from reputable databases (Table 2).

Table 2: Emission Factors Used in the Assessment

Source Unit Emission Factor (kg | Reference
CO2e/unit)

Grid Electricity MWh 520 IEA 2023

(Saudi)

Diesel Fuel Liter 2.68 IPCC 2006

Chemicals (average) | kg 1.5 Ecoinvent

Wastewater m3 0.7 USEPA

Treatment

Solid Waste ton 100 IPCC 2006

(landfilled)
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93  Appendix C: Section 17

CLIMATE CHANGE AND GREENHOUSE GASE EMMISSIONS FROM RABIGH
THREE SWRO DESALINATION PLANT

171 Introduction

This chapter describes the assessment outcomes of the potential impacts of the Project on the
climate and its contribution of greenhouse gases (GHG) to the atmosphere.

The scope of the assessment of impacts is defined in section 5 ESIA Methodology concluding
the following impacts are scoped in for assessment:

Construction Phase:
> GHG from on-site power generators, heavy machinery and vehicle/vessel movement
» GHG from embodied carbon through material extraction and manufacturing processes

Operational Phase:
» GHG from vehicle movements
» GHG from wastewater treatment and water supply
> GHG from waste management
> GHG from maintenance of buildings and infrastructure assets

» Impacts to the Project powered by climate change
In line with the IEMA guidance (2015 and 2017); this assessment looks at the Lifecycle

greenhouse gas (GHG) impact - the impact of GHG emissions arising from the Project on the

climate during the lifecycle stages within the scope of the assessment

17.2  Legislative Framework
This section outlines the international and national standards relevant to the climate change

assessment. These standards and guidelines have been used to identify appropriate
methodologies, receptors, environmental impacts and relevant mitigation measure.
17.2.1 International Standards

17.2.1.1. The Equator Principles Version 4 (EP4)
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The Equator Principles (EPs) are a risk management framework adopted by financial institutions

for determining, assessing and managing environmental and social risk in projects. Currently,
over 100 EP Financial Institutions (EPFls) in 38 countries have officially adopted the EPs. The
effective date for EP4 on all mandated transactions will be 1 July 2020 (Equator Principles, 2020).
The EPFIs will only provide financing to projects that meet the relevant requirements of Principles
1 to 10. The requirements of the principles of direct relevance to the Project are described below:

e P2 — Environmental and Social Assessment — Category A and, as appropriate,
Category B projects53, as defined using the IFC environmental and social
categorization process (IFC, 2020), will be required to undertake an environmental
and social risk assessment, the documentation of which must include an ESIA.

e A Climate Change Risk Assessment is also required for “all Projects, in all locations, when
combined Scope 1 and Scope 2 Emissions are expected to be more than 100,000 tonnes of
carbon dioxide equivalent (tCO2e) annually. Consideration must be given to relevant
Climate Transition Risks (as defined by the TCFD54) and an alternatives analysis completed
which evaluates lower Greenhouse Gas (GHG) intensive alternatives.”

(According to the EP4, “there can be a range in the scale of potential environmental and social
risks and impacts within Projects classified as Category B. In general terms, higher risk Category
B Projects will be treated similarly to Category A Projects, and lower risk Category B Projects
could be treated in a lighter regime. The EPFI shall, at their own discretion, determine the
appropriate level of Assessment Documentation, review, and/or monitoring required to address
these risks and impacts in accordance with Principles 1-10.”)
e P4 - Environmental and Social Management System and Equator Principles Action Plan
- For all Category A and Category B Projects, the EPFI will require the development of an
Environmental and Social Management System (ESMS) and of an Environmental and
Social Management Plan (ESMP) to address issues raised in the assessment process,
incorporating actions required to comply with the applicable standards.

17.2.1.2 Paris Agreement
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The central aim of the Paris Agreement, published by the United Nations Framework Convention

on Climate Change (UNFCC), is to facilitate a global response to the threat of climate change and
to keep global temperature rise this century well below 2°C above pre-industrial levels (UNFCC,
2015). A more ambitious aim within the Paris Agreement includes limiting the temperature
increase even further to 1.5°C.
17.2.1.3 Environmental Impact Assessment Guide to: Assessing Greenhouse Gas Emissions
and Evaluating their Significance
In the absence of any widely accepted guidance on assessing the significance of the impact
of GHG emissions, guidance published by IEMA in 2017 has been followed as it provides a
framework for taking GHG emissions into account in the ESIA process (IEMA, 2017), in line
with the 2014 European Union (EU) Directive (Directive 2014/52/EU; European Union,
2014). The guidance sets out how to:

> Identify the GHG emissions baseline in terms of current and future emissions;

> Identify key contributing GHG sources and establish the scope and methodology of

the assessment.
> Assess the impact of potential GHG emissions and evaluate their significance; and
» Consider mitigation in accordance with the hierarchy for managing project related
GHG emissions - avoid, reduce, substitute, and compensate.

17.2.14 Environmental Impact Assessment Guide to: Climate Change Resilience and
Adaptation
IEMA guidance has also been followed as it provides guidance for taking the impacts of climate
change into account within the project design (IEMA, 2015). The guidance sets out how to:

> Define climate change concerns and environmental receptors vulnerable to climate
factors;

> Define the environmental baseline with changing future climate parameters; and

» Determine the resilience of project design and define appropriate mitigation measures to
increase resilience.

17.2.2 National Standards
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17.2.2.1 Saudi Vision 2030

The Saudi Vision 2030 highlights the importance of moving towards a greater uptake of
renewable energy production and use and outlines an initial target of generating 9.5 gigawatts of
renewable energy by 2030 (KSA, 2016a). The vision 2030"s major concern is Climate change and
Sustainability. Most of the Desalination (New) are integrated with Solar PV, Example, Shoaiba,
Jubail, Shuqaiq, Umluz etc.

17.3  Spatial and Temporal Boundaries

The spatial study area covers direct GHG emissions arising from activities undertaken within the
Project boundary during the construction and operation of the Project. It also includes indirect
embodied emissions within construction materials, arising as a result of the energy used for their
production, including extraction, processing, manufacture and transportation.

The temporal study period is the next 60 years up to 2080. However, no emissions inventory
projections or Paris Agreement targets are available beyond 2050 within the Climate Action

Tracker (Climate Action Tracker, 2019).

174 Baseline
This section describes the baseline environmental characteristics for the Project and surrounding

environment with specific reference to GHG emissions and climatic conditions.

1741 Lifecycle GHG Impact Assessment

This is a business as usual, or ‘“do-nothing’ scenario, whereby the Project is not consented, for
those lifecycle stages within the scope of the assessment, outlined in section 17.7.1. The quantity
of GHG emissions would, therefore, remain unchanged from the current level.

As the current land use of the site is undeveloped land, and there is currently no consented
development within the site boundary, the baseline emissions for the lifecycle GHG impact
assessment are zero.

175 Receptors

Based on a review of the baseline conditions, the global climate is the receptor for the lifecycle
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GHG impact assessment. The sensitivity of this receptor is high, in line with the IEMA guidance

(IEMA, 2017) that highlights the importance of mitigating GHG emissions to reduce the impacts
of climate change.

176  Impact Assessment and Mitigation

In line with the World Business Council for Sustainable Development (WBCSD) and World
Resources Institute (WRI) GHG Protocol guidelines (WBCSD & WRI, 2004), GHG emissions are
reported as tonnes of carbon dioxide equivalent (tCO2e), which takes into account the seven

Kyoto Protocol gases:

> Carbon dioxide (CO2).
> Methane (CH4).
> Nitrous oxide (N20).

> Sulphur hexafluoride (SF6).
> Hydrofluorocarbons (HFCs).

> Perfluorocarbons (PFCs).
> Nitrogen trifluoride (NF3).

Where activity data has allowed, expected construction and operational GHG emissions have

been quantified using a calculation-based methodology as per the following equation.

> Activity data x GHG emissions factor = GHG emissions value
A combination of following relevant emissions factors have been used for the purpose of this
assessment:

> UK Department for Environment, Food and Rural Affairs (DEFRA) and the Department of
Business, Energy and Industrial Strategy (DBEIS) (DEFRA & DBEIS, 2019) GHG reporting
conversion factors;

> Embodied carbon benchmark data from the RICS Global Methodology to Calculate
Embodied Carbon (RICS, 2012); and

> EU Commission guidelines for the calculation of land carbon stocks (EU Commission, 2010).
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1761 In-built Design Mitigation

In-built mitigation has been factored, where possible, into the CO2e emissions values presented

below. However, while carbon offsetting will be undertaken in line with the Net Zero Carbon

requirement. As a result of the uncertainty around the specific approach at this stage, this

assessment includes all emissions prior to carbon offsetting, and therefore presents a worst-case

scenario.

17.6.2 Assessment of Impacts

17.6.2.1Greenhouse Gas (GHG) Emissions

Construction Phase
The primary GHG emissions sources and the breakdown of the calculated GHG emissions
during construction are shown in Table 17.1. A number of assumptions regarding construction
GHG emissions, embodied carbon and carbon sinks have made with detailed construction
methods and landscaping plans not being fully developed at the time of this report. These are
noted here:

> No estimates for energy and fuel use, material transportation, waste transportation and
disposal have been developed for the construction stage. Emissions associated with these
activities have therefore not been quantitatively assessed. These aspects have instead been
considered qualitatively and it is anticipated that their exclusion will not have an impact on
the overall outcome of the assessment.

> The vegetation in Ras Moheisen area is too sparse.

> There are no specific carbon factors available for embodied carbon, vehicle use, water use, and
waste disposal specific to KSA. The RICS embodied carbon benchmark (RICS, 2012) and
various emissions factors used (DEFRA & DBEIS, 2019) are based on UK construction and
energy use data. While they will not directly represent the embodied carbon emissions
associated with processes within KSA, they provide a reasonable indication. It is not
anticipated that any inaccuracies inherent within these factors will affect the outcome of the

overall assessment.
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> The construction workers have been assumed to be transported 1lkm from their

accommodation to the site by Bus and cars each day. The emissions factor for Bus/Cars has
been applied, accounting for WTT losses.

> The emissions factors applied are outlined below:

Table 17.1 Construction GHG Emissions
Project Activity/Emissions Source Annual Emissions (tCO2e)

GHGs from on-site power generators, 465

*The total may not equate to the sum of the emissions reported due to rounding of the decimals.
This is an example from a project similar to Ras Moheisen Plant. This illustration considers a similar
Environmental Setting.

The construction Contractor-EPC /Operation and Maintenance Company will calculate the exact
GHG Emissions while preparing their CESMP and OESMP before construction and Operation
respectively, Scope 1 and 2 will be GHG emissions and carbon foot print will be conducted by
M/s ACWA Power and EPC Contractors.

The following guideline from IFC states

“A Climate Change Risk Assessment is also required for “all Projects, in all locations, when
combined Scope 1 and Scope 2 Emissions are expected to be more than 100,000 tonnes of carbon
dioxide equivalent (tCO2e) annually. Consideration must be given to relevant Climate
Transition Risks (as defined by the TCFD54) and an alternatives analysis completed which
evaluates lower Greenhouse Gas (GHG) intensive alternatives.”

The overall construction emissions equate to approximately 6856tCO2e over the 30 Months
construction period of the Project between 2025 and 2028, resulting in 3491tCO2e emissions
annually. (The calculation is approximate based on the example of a Desalination Plant

equivalent to Ras Moheisen 300 MLD SWRODP capacity. This may slightly vary with the
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equipment and Technology, energy source etc.)

Table 17.2 Impact Assessment for the Lifecycle GHG Emissions during

Construction
GHG emissions Construction | Low Low Minor Minor
from on-site

power generators,

GHG emissions Construction | Low Low Moderate Minor
from embodied

Mitigation:
Enhance:

» Changes in current land use through landscaping and golf course will positively impact
on carbon sinks. Of course, this enhancement must be assessed in conjunction to the
impact on natural habitats and species but where these areas can be mutually beneficial
these should be strengthened and maximized.

Avoid:

> The choices of materials and products to be used should be reconsidered through the
design development and procurement strategies, particularly in terms of embodied
carbon and lifecycle GHG.

Minimize:

As quantification details emerge, these should be tested against the assumption made in

the section as it is critical to the assessment of the carbon offset projects and the

commitments made by M/S International Company for Water and Power Projects

(ACWA Power) & EPC to net zero carbon.

The circular economy principles must be embedded in procurement.

Operational Phase
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In accordance with the EP4 climate risk management framework the following Green

Element (2017) definitions of scope 1, scope 2 and scope 3 climate change emissions
should be applied for the assessment of GHG estimation:

Scope 1 - All Direct emissions from the activities of an organization under their control.
This includes fuel combustion on site, from owned vehicles and fugitive emissions.
Scope 2 — Indirect emissions from electricity purchased and used by the organization.
Scope 3 — All other indirect emissions from activities of the organization, but those
occurring from sources they do not own or control, including emissions associated with
business travel, procurement, waste and water.

The primary GHG emissions sources and the breakdown of the calculated GHG
emissions during operation from a similar project to RM-SWRODP is shown in Table 17-
3. A number of assumptions regarding operation GHG emissions have had to be made
due to the lack of detailed operational plan information. These are noted here:

It is also not been possible to quantify GHG emissions associated with building and
infrastructure maintenance during operation due to data limitations at this stage of the
design. This aspect has instead been considered qualitatively in section 19.6, and it is not
anticipated that this exclusion will have an impact on the overall outcome of the
assessment.

For operational vehicle use, the following assumptions have been made:

Organic waste is assumed to be composted, while residual waste is assumed to be sent to
landfill. For mixed recycling, an average emissions factor for the recycling of glass, metal,

plastics and paper/board has been applied.

Table 17.3 Operation GHG Emission

Project Activity/Emissions Source Annual Emissions (tCO2e)
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Vehicle journeys 3123
Waste disposal 44
Water use 718
Total 3885%7

The operational GHG emissions from vehicle journeys, waste disposal and water use
equate to approximately 3885tCO2e annually

Avoid:

The choices of materials to be used should be reconsidered through the design
development in particularly in terms of embodied carbon, this is a commitment that
emanates through M/S International Company for Water and Power Projects (ACWA
Power) and EPC ’s choice to embody Green Building and Sustainability Benchmark
requirements in their operations.

Minimize:

As quantification details emerge, these should be tested against the assumption made in
the section as it is critical to the assessment of the carbon offset projects and the
commitments made by M/S International Company for Water and Power Projects
(ACWA Power) consortium to net zero carbon.

The circular economy principles must be embedded in procurement.

Table 17.4 Contribution of the Ras Moheisen Operational GHG Emissions
to KSA’s Emissions Inventory (Approximate figures)

Relevant
Project R:;:rat?ng /Annual Emissions  [Annual GHG Emissions for [% of Emissions
- .
Phase Year Inventory (tCO2e)*® |Reporting Year (tCO2e) Inventory
2022 563 333 33 6856
Construction 0.00071
Operation 2024 407 500 00 3885 0.00039
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17.7  Conclusions
Approximate GHG emissions associated with the construction phase equate to approximately

6856CO2e over the 30 months construction period of the Project between 2025 and 2028, resulting
in 3885tCO2e emissions annually. Annually, operational GHG emissions equate to
approximately 3885tCO2e.

When these GHG emissions are contextualized using KSA’s emissions inventory, they account
for 0.00071% of annual emissions during the construction phase (2025~2028), and 0.00039% of
annual emissions during operation (2028).

Although many assumptions have been made regarding fuel use, transport of waste and
materials as well as infrastructure maintenance, once further information becomes available these
assumptions must continue to be checked to ensure that the commitments to zero carbon
operational energy are upheld.

As construction and operational GHG emissions equate to less than 0.1% of the annual national
emissions inventory for KSA, and Scope 1 and Scope 2 emissions are below the threshold of 100
000tCO2e per annum, the magnitude of impact is low and therefore the construction and
operational GHG impact is of minor adverse significance, both in the context of KSA’s national
emissions inventory and in terms of Scope 1 and Scope 2 emissions arising from a single
development.

As the GHG emissions are of minor adverse significance, no additional mitigation and

monitoring is required during the construction or operation of the Project.
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1. SCOPE AND PURAPOSE OF THE DOCUMENT

Tra pspasa of his Sansmant |5 (0 gwe main faaiures of e 138 kY Emaigandy Power Bupply packags (EPS)

rifaencal gt EPS intandied (o supply tha alpciricsl essantial conspmaers of Arbign [F indapendan) Watar Proge|
I carsn of Hfack oul of Tha network.

The peofect Fabigh BT congists of B 600 H0OM3day Reverss Cemodie Desabration Plant 10 0e Gl in the
Flabegh area [Sacdi Arskia) B s dedeo incepmndan Warer Plard
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Tres EPE can be mads of seweral intsrconnectsd parts.

2. DEANITIONS AND ACRREVIATIONS

2.1, Deiinillons

CONTRACTOR Miaans SIDEM rSEFGO r ABEMGOA

COMNTRACT Napne the writien agreament befwaen OWHNER and CONTRACTOR
tor the enginearing, prosurement and delivery of the DESALINATION
ELAMT.

DESALIMATICN faans tha indapendert seawater fasalination pland of S00,0600m3day

PLAMT o b construcied near Ratigh, n KS3A..

ECQGLUIPMENT Miaans the aouipment, machnery, apparaius, matwials, arides and

goods afl all kirds 10 b supglied by VEMDOR under the FURGHASE
QRDER fie incorparglion kg the DESALINATION PLANT,

EER Miaens Elecirical & Elecirical Rooms | Elecrical Sulding of AO plani)

EPS Mieans Emergency Power Supply package

ESF faans the Elcincal Spacial Facsiby (o be ersctad for tha Rabigh 3
A

OWHER Mo gwis AT 8, PCINER

PURCHASE ORDER  Mdaans e wrillen agreement between CONTRACTOR and VEMDOR
for the supply of EQLIFMENT or senices far the purpose ol e
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DESALIMNATION PLANT,

SIDEM Means the firm SIDEM in Paris, France, represented by s legal
raprasanlaliva.

BITE Mapns tha ama upon which the DESALIMNATION PLAMT i 10 ba
canstncied

SPECIFICATION Magns the lechaical specilicallon of the WORKS andiar al the
EQUIFMEMNT as a1 out in the appandions fomming part ol e
FPURCHASE ORDER ard any madilication o addisn ihesals made
pursuant 1o the PURGHASE JORADER.

VERDOR flimans the firm that has endedaxen o perfarm the WORKES under tho
PLIRCHASE QOROER placed by CONTRACTOR, reprasamed by (ke
legal rapresanialive. This wardng afso covers VENDOR's suppliers
arviher sub vendon whenaysr &pelicabls.

WORKS femn all works al design, engineaering, procurement, menutachsrs,

2.2. Abbreviotions

supply, eesemixing, packing, rarsporlalon, evecton, lesting, star-up,
COMPMELiNIng. Sapernvisinn, compllaticn gnd Eaupnce o documeants
to be carmad oul by VEMDTOA (ol the making good of datects in
tha EQUIPMENT gnd such warksl, and inclugas all i garvices 10 oo
providiod and the work 1o ba camied ot by YENDOR az specified,
rariored, required or imglied in the PURCHASE ORDER, wiih the
pefomances defined in ihe PURCHAZSE ORDER, The WOEKS
inclasge the supply ol the EQUIPMENT

AL Alamating Currant

AT Aulmplic Charge-Cher Spstem
ATS Sutcmatic Transler Systiem
CChR Cesnitral Cosinal R

COg3 Changs-Chvar Swibeh

T Cwrant Transiormar

[ [lirec Cument

OG5 Distnbalad Gomml Syshem

DL CHreo D Lineg

EFS Emergancy Power Supply Fatsage
EER Elactronis and Eectizal Asams
EMC Elsctro-tagretc Sompasbilty
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3. BEFERENCE DOCUMENTS
Thes rfmiancad dacumana e beles loem smn iniegeal gt of this L ot et ipuly

the applizabie verson of Ehese cosumenis, irclucing reevant appendsoes and supplems=nls, 5 the b mesion
Teklid @l e @b clive daba oF the COMTR&CT

In caso of oanfliol befasen (ho docwmess, the onder al precedence shal ba:

= Tha COMTRACT,
s« Thia Spohcilication,

= The Codos and Standarcs
w  Tho CONTRASTOA DocumonEation

1.1, Contract documeanis

The COMTRAST docurmants shal 2pply, among:
«  Ownars Technical Spoecifoation
- OTS Appendix || - Technicad Speciicatan
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=TT ey 5 2 . E
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Elachrical consumars ks & Iess avaluation

RABED3-DNA-SIDM-ZZZ-407-0001 to 4

Einglo Ling [Hagrams

RAE03-HA-EI DM -E GZ-407. 0001

Singks Line Ciageram of 13.BRY hmargency
Posaor Syaiom

MAEDD-TEM-SIDM- EGESa8-0001

Techinkca! Specricaion — 1380 Emorpesncy
Ditwaal Giarsraior

RAEDI-SPE-51DM-ZZZ 24000032

Elwctrical design spac Tor Packagis

FAS- O Y-S5 M- B AT -5 04000 )
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inggamion Tesl plan - - 1388 Empngancy
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Electmical Consumes Lisl & Load Evaluation AC
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Gaeneral peindng and color cocs specfcaion

RABNG-PRO-EPCC-ZEZ-T12-0001

Ecpuigananil rumbaring sysism

1.3, Codes and Standards

o | HEC atandaria

Trea |EC mtandards aion axhaesiee He1 shall apply and shal precsal:

[ Sansas ETS
FEC AD0a4 RApisting slechrical mashnery
IEC 52038 IEC atandsd watages
EG aa0s0 Inteenatonnl slectro echnical vocabulary
[ L= i ] High wotage bonl fechagues
EC 50071 Ingulation coordination
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EC o529 Do Of prodaoion provided by endiocsues (P Cods|
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EC 62305 Fictection againal lghivieg

A.0.7 B0 Biandards
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4.34. Local Standards
Whers sppicaiie, (he Sauc Arsksian Disriouticn Code bl ba appie

118, Diher Standards

Exancdords lised n secion, 3.3.Z2, 3.3.3, & 3.3.4 shall be conedond amd oppled for all portion of the deskgn
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4. ENVIROMMENTAL REQUIREMENTS

Tres DESALINATERY PLANT will bo focaled in the Pagigh afes, approsimalely 1580km Horth ol Jegdah, in (ke
Kingdom of Saudh Srabia
The climabe s characiarized by bal and gry weather mosl of pear with the prosimity 4o lhe Sea, Sard and disi
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SAOM-EAZ 404000 . Tha miAin openalian pircipl B reaumed Romalan, 108 sances wil medar 10 Fis ks
dooumant for furtssr detals abowd the EPS funcHondmg and ineefaces wih the seiflohpoar ard the DS
{srtuted Contrgl Systemi

The selection ol e moos of operation shall be realized by means of o ssfecsor seich (AuboResnuiSiop) ocabed
et T Traan| @l the EPS loc cordnal eukiedes o By palaclion sgde an this EFS HM|

gz Airlarmaths mods
in-easa of bk of bath powar plat aupsly,

& Thea WY selichpear YOBEWDD |, WOBSD0DE, WOBBATZ, & WOHIBEBDIDZ) apens awomaticaly
F incodirier crcudl Braaker ol gech bus-sechian, ok tha cingstl breaker of the Bus couplar sl
cpana @ malor [eedars

#  The sighes of Incomer and Bus coupler Crowl Breakers are serd to fhe EPS condrod paned,

«  Tha EFE condol pangl genemiss @ "paimissive 10 slan” signal and stars autom-aiioa®y the EPS
Wil oxicmal cede.

= Ovcw thie EPS risschis “ready o 0ag” siatis, e EFE conbiol paned sends @ ciosing ordaer b i
circisl bieaker EPS incomer on Bus Sechion Switchgear WOBARDO1 & WIBEHBDO?

#  Gorfigunton of the sleciricsl netwark and slading of smergency Bady s done mangslly Gy an
cparalor inckiding staing of fushing punps & EAD Boosssd pumsos:
Eoz.2.  NormmsliSstiom poo o n
E.2 2.1 Malns rasiorabon in assmatic mods

- The porsed sunply Fmsloralion can ba perlormed only B cade of o of beth incomers ol aach 13aKY
swibchgaars i aive

It thix G- Sl Poransr Stalian Funobian Maode Sodecior Balich on the Controd Paned & i AUTO pos ko
lha oparalor shall selecl jhe mcomesr of WIBBADDT, WHRARENY, WABBADD?, & WBDOGNZ croull

Rev-1 Greenhouse Gas Emission Estimation and Carbon Footprint Assessment Report
Rabigh-IWP-3- Sea Water Reverse Osmosis Plant Submitted to ACWA POWER

Copyright@Fnvironmental Balance Company Page 92 of 115




Fnkigh 11 & ¥ 1ifmni Mdmler F

S
‘4"" ﬂﬂﬂ Higard nasia RERD-GRE. IR BT adinon 1
mgﬂﬂu! b i ARG D - PR - RGaE

ABENGDA

i ; CWA POWER
P g bt At L] -'qu;gL__! Ig_Fl'l':u !

A i Page: 1898 | Dois el TR COMEULTIRG
EHC ML

Lrogher fhal hes o e closed affer The pyrchianizalion apsaion The Cpsesior shall ooy (ha
s ne dessibed helow:

) Opmraiee &1 HWY sl ealec) the Reomss of WIBBADOT, WOBEEN T, WIBBADOD, o WIBEBI0T
thay Cipci Broas=ar Selaotor Bwkch ord prah “Rams Resaraan”

b Thea PLC sysboem shall check it refeanced noomer salooiad by $o aperaion s fuly slue betore
ikt e W ros faasa il S

Gl Thie Aantn Spnchraniear snall acfusd nnqussnioy nnd dolimgs of the Gesend 10 o low e clanone of thes
Gl i Fuonma i rousll-nen ek,

o O S Tzl Sl on is cermlale, the o ok ikt 1T9h inconr of B pscand bukBar o e
rasionsd.

B Whan he Adio Syrchroeizes Davice delects b salacied icomers croull braaker chosad slahes ol
pnch Duaksr i shal aleri the Clan-Smls . unfoed] . segus rems;

i Whion the unload seoguence & completsd the Aulo Bynchronizer dedan shall glee o opom oo remand
1ix BN Gaen St Sinciit Braaman

i T hie Sl crner Fin el ing s sk sl sl sFwll B slogyaec;

Ry Alter the MY swichgrar moerakzaton. using e ATE ooaled on s MY Swliohgear. 1he osperaios
can clogss thie second incomar and open he bus-coupher oaly i§ bolk incomess am aliva.

E 2 3.2 Malna roslorotion i manual made and oulomabio synohranization

mir;ﬁ:f supply restaratian can bé perlonmed osly N cada of one o Do 1980 Incosiers
[ 11 Gar WHIBBBDN , dnd WEBBALK? o YWOBBBUCI) of anch svalchgaar ik Al

It #n Goen Gt Povensr Sioton Funcilon Bods Seschor Satch of tha Controd Pannl s oo AN monbon,
pparator nall saleel e incamar cirewt bveakor that has 0 be closed and 1ha cogucens shall b

) Oiparalor Al wadect MAMNLIAL, mode e Coniral Parsd of e GeSar
By Qpernbor ot HRMI aball palact "A&LITO Bprchmeanizatan’

ol Opsraior & HEYH shal aeect 8 incomar 1o be cosed with $ CGirouil Breakar Sedoacior Swiich and
Pt “Tlninn Remlaralian”

1 The PLO aysimm shall chesck (b islererced Incommer sslecied by apmesion s Ll sllve beslos 0
infiade Bie Mars Fellonatinn S ance;

@ Tha Aule Syretrorider dendce ahall agjusl requansy @nd vollaga ol he SenSet ll L allow e
Chnsiing af S goldocho=d incommes Cinoui-beoakn

N Orece omed bukbar resiorailon & compheia, e oferabor sebers e incoemar of thae sacond bushar (o ba
riakloral

o Whan jhe Auio Syrcheorizes Dewice dolocis thae solectied Inoomar ciroifl breaker closod sfaius tha
GarSal wiond Sequanoa Wil siar;

I Wi b wilgag segquerss e Corng A, T fudlo Shyredficmizar denace ghal g Fwe opsin
command 1o thio SarSat Chowt Broais

i| Cpanaior shall push “Stop Ergine” af #a GenSat
|} Tree GianSan cavir e coolang seguinrss mrd will g,

ki Afjpr the MY palichgear rpmenpliagon, the oparalor Al the ATE of thee WY sedichgesar con chisag tha
sacord Incomar and opan the bus-souplar anly i Beh Ineomers ane alve
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(i & | HMpintenamoe mods

Tihis Fainlerance mode & usad far the paticcdical starting af tha EPS
2201 Mo Load eal
» Tho oporalor ESues a "START" command manuady:

&) M the EPE LOGCALY REMOTE" switch & in "LOCAL" position, the s command &= generaed
by & “SRa T Pugh beaaflon ocaled on 15e EPS cantral pansl

bl I the "EPE LOCALREMOTE" swilch = i "REMOTE" podificn, i o command s
genaraled by a2 "START command on the remole DCS.

= ‘Wb she EPS conol parel recaivas B "START® command (n el or remote mede), and
wihan i opan positicn of crcwil EEFS Inconver of the Bus Seclian Swichgaers WOEBBO1, &
WONRANNR & canlimmad, fho EPS wiarn with no loec,

6. 2.3.2 Load tesl

e i geghar (i Pk (Pl laed lesl e EPSowill Be aynchramzad (rom M EPS eoeiingd grarmsd|
wilh cne bus sectcon swkchioar WOBBBOD1, ar WOBBBIGZ2). The cparajar selocks the syndhna
resler prce an the EPS conirol pansl

= W'har e EPE controd pasal wil recerae s Stan Mainienamnss, sed eal®, ;e EPS will sar
ared will Do syrchronized with the schediod rolercros.

= Wher e EFE @ aynciioniieg, e selecied EPE incomen Wil be dosed Dy e EPS cdnbnel
pan.

« Thiy EPS will taigs oo silomalically e lomd ol e seleched LY swilchgpsar [hrough & remp-ue
£ G R

3203 Engd ol maniarsnos
VAT 1% B B s |5 Dok
= The operator ssuss a "STOPT oomenard mamually:

al i tho "EFS LOCALREMOTE" sawfiioh i in "LOCAL" posdiion, b sip commant = qonoraled
by & “shop” push button locabed or ihe EPS cordmd paned

Bl Il 1he "EPS LOCAL'REMOTE" swalch i 16 "REMOTE" posiidn, Ihi 8108 <omifmaind b
generoied by a siop command on the DCE

= Upon receipt al ks “Sop” command, e load will ramp dowr and the EPS will siop
» Whiah the load Deit well be cofpabed, the EFS ncarss of s Bus aeclion swilchgaar
WWOBEEO01 . ar WOIBEEOOZ will bix opasd.
gka Fulil miop
In s minoie the @l EPS lurctions ans de- sobynbed

L4 Emargency g

The GENEET shall slop on adlivacan of greangancy rad |echaila push.battceis Beated o the frant of tha
conirod parsd and oubsioe ol the sownd procd Donbaires
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.3 EPS Power sizing

Tha EPS power shall be sizad to stan and supply conbdruausly the emerpency loads detaliad In tha Elacincal
Corsumars List & Load Evaluation (RABOE- S-S0 LL2-411-0001)

6.4, Main characiarislics
Main fealuras of hie GENSET will Do e flkoaing

nnractsnstos urt Vs

bt Lk Frn ] e Y et
[~ Apled Quipul Votags WY 13.8
Fizfed inauiation level kY 175
Ratad Possar (P S 20
Ty of grwar COMPRAPALTRESFE PHEP
IRCHTH AR pEIWaT TaCKr ' 0.8
Mumbar o phasos 3
P racild s enecy dFA ) B Hr

Meiral rasEmar with neuiral
COrEALIOn

IrmaRimum Faal ouirenl 1o ba
dadirag by the Vendon

Medepl conmxion

Soundg Leval A ui 1 st HE
Ferlammance class of spaad and i G4 k|
f gL a ey {insnariors) raciitar load]
Biarling #ra 3 =<1 05 fle E::‘T-E;lr;m t#y the

6.5 Main requirements
The minimum pesrfo mance requrements guaranbeed o the dissel generator shadl be os follow:

| & The minirum capacly of mmmum raming power debveced by EPS shall be 22005 0A PRP “Frina
Povenr” &= per IS0 A520-1 siandag;

®  SIEMING 10 Decs up e usars, 58 quickly @ possibhe. The 093 s foon slaming coder 1o Tl apasn
whill e s o exjuad 19 15 seconds sdconding o 150 85381,

»  The masimuam vakage dip ab (he atemalyr Rimnak shald not exceed (0% o nomingd whan the
laigaal ol & aaied and ta atareding Fead & prasant;

»  Thetarsien apesd drop when slaning the langes! molr shad nol aicaed 10°%

= The peformance closs of spoed and frequency shafl be &3 oooording 1o 50 B538-4 standard and
IEC EN 60034 roler o graiminary load profil.

= The padornancs dass on shad b respeoied for maier manmom sudderly appled lpad siep (MY
malorsdata. ein = 5.5, starting pd, = 0,7 o 04y,

Thezx EPE shall by desigrad to camy cortirausly Bs mted load within the temperalune rlsa at & masmum smibed
tamparatura of 5575,
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ENGINCLSS

A gpeciing beee gbowe with o ookl dwesl angine byl wilh o peo-bealing sl pre-ubmcaiion ayslem m penecs,
the gensralor musl reach tw aded spesd and woltage at no load (and vell therefors be able bo supply snengy)
weiliin 15 gaconcky Woen B aliniveg aigral.

Thes lmite af Farmen] variglon m iregeency snd voliags metyling s5all be m complancs 16 lhe perlormance claas
G according o 150 B520-1 and IES EM 60034 standacs.

in pase ol a sodden load discharge with e EPS operating of rated spoed m stabi ke concitions, af any load up
B 1% averkaad, The apsed of e EPS st nol sscesd 1710% of e raled speed,

Thes EPS snust b soed, baknced and abgned imoorder 1o be exempt fom vibraliors Sl can affes the ifetime ol
the machine, r any load condbons up o @ 10% ovedand and & the range from 909 8 110% of the raled
ApEm

‘Wibrafions wil be measured on #he moivdueal supports m ihe bonzerial, vercal ard axsl directions of the
maching. i compliance with the requirements of 50 10816 ard 150 8528- 9 stantaros, and The measuramanis
wail bes pacicrmed Doth in Berme of mdrwms mosersen! ioesk-peak e a8l in lerma of sllective valies ol the
speed of wibrgbion immissg, rm.s.d

The wibration valoes of fhe assemblsd EPS. recorded in B above meniloned lead condlibons. shall respect 1he
limils e s by the B30 B5350-9 slandand,

Thes mechancal squpment 15 desigred o limil the reresespn ol wheabons 0 the conlmines ard the
amFormerd.

Tho EPS shal be sqgeppod wiih rafings or cowlings in order o prescrve the oporaiing sia¥ tfrom edociriond o
mechanical nsks. The protaction provded by these covers and rafings has to be compliart wi the IEG 50829
shandaro

Tha eouipmom shall bo desd gried w aved propagation of keakage and aooumalation of waer, lubs ol o Teel and
ta limit the resulting rsks, particuiadly: necessary arangemenis ans taoen to prevers ieakage fram spreading 0
cabls Irays o pping raoks: componenis suscepbble of leaking are poupped wilh & oollscing pod

The aquipmani insialisd autsios the cortanor axoap? the lbad bench IIF any) have o mochanical profeciion indos
1P58: The eguipment insinlizd n the conainer have a mechancal projectian indes 1832 1P £1 for the secncal
aquipment

Nccoading (o thir standasta. all e pars socessible oicoodang 60°C aro haoi-nsdlaiod. Dorogasons o this nuks
am acceplable upon reguasl for spacal engine pants such as oyinder boaos, Wrboohangars which are nal
profecied ar i dxied

The cdocirical eguiomen| sersbie bo high bmipsrabines = vordlabed and might o condRcnoed so that B insldo
corrinings temperaiure newer sxdcesds 1W'C abhove ambient. Tha admissiok iomoorature ksl inotha parsls

compliss wdth the |EC 0439 prescripbons. Eleciical squipmsnt and cables thal ans girscty mounied on the
dhesal anging ars heaiprood according o the 190 63358 siandard.

T cabibas descly molnhed an the diesal engine e dacggniod to copa with fual and lube oll ageessions and
witirabioms

T. CONSTRUCTION

7-1. Dezel angine

Thee chess engine shall be an exisling and approved moeds] win Charasiersics 0 compliance wih 50 85262
mtamiard d-steoke dessl argne complets wih spesd govemor and suxiBiary syshems.

The ergne =hal be on a horcontal as complste with conresng (oint, shall haws adsquats power 0 Ui
thi pefarmancs ol ke EPS and shall be consisler? wih the gineratar and load charadbanslios.

The de=el ergne shall be cortolled by an asomaic eleciranic type Pl o PID speed governor hawing the
folowing periarmancs vl
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Ti6a 13y Emergascy Poaer Sugphy ¥
o = BENERAL. EFECIFICATICR 19—
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EI:IEHG-UEDI.J# LT i insrst Gl baE e Eadae
; | :
| ABENGOA A # Fage 1838 | Date | :anesana :'1""5U|-"Hh
MOIMEERS |

& Feangs o dpsssd rpalaton 5%
- Precisior af droop: & 0 3

“Reatols eonfrod af e speed Lo pol ovarsad; e speed @l andy be eomtrodod and safusd maauaiy
Laing e speed contrailar facsla it Fae eciiie carmnparfoent™,

Diro ged podnt 2eiling shall anly De adjugied marcally on (ke conirdlar,
Cropd-spnead detaction shall Do provicked Dy Te0 Separale detscins

Ergine coding and pre-tiesing syshems should be sinsd = oder o puaranles dessl BPS propsr opaidan n
=il bamporahire lmiEs

The ertlire exbaust ine shall b desgned properdy o minemise flow resiricbon, sedden drechon change, o fine
owing 0 opposite dinscton,

The cuet shal be gasiight, o probedt cpanaiorns agalnst DK emisslan (OO0, COZ) and shall be enlinely heal
Isnlated to praect the surmounding rom fire of excesshos healng.

Monrinsulated cxchaust inas locaied auside shal npd De rouled pear onging e infaie, power pIANE oF SanGErGr
werilafon ermnes o prevent Iemaeraiure rieo. which nesudBs in perlormanos reducion

Aain and cordammata parmanent disning shall e piovicked 6 peesenl exhaual aystam ancd fohim b silemea
wihes dnbarng e cordanaiie alagnakion
T 1 Siaring sysiem
Tre EPE shal b equipped with & doubis elecis starksrs posssresd in 24% 00
Exch siarier shall be powersd by load 2oid o7 Of Daltories fasng o Metime minimum of 10 yeans

Batiorios capachy shafl be sufMcknt lor § suocassive abempis of skarl in not less han 15 seconds. Aubomation
wil clirw thres allempls sl wihow numan icberntian, pluis Mo wthar alfempls @far the thea first ane,

Traa cheape of the batianes will b peemanerehe rodicatad, and snoalarm ghoudd acivale whan pagsng bakmw the
miniaium dischango lowel.

Tuwds Bt y-changers of edaguate characiaros ahal be provided by the vendor i recharge the baltedias o &
danp dachangs in g Deme bada than 10 hoans

BEatiorins and batiery-chamgom faudt information shall ke availsble on mminnks for reroie condofes o insegrated
it the grewp TeaR chain of 1he GENESET tor irlicataon in 0% contiol Foom

A balteries cakGulalon nobes shall be praned o prove the alsity ol slaing syslem,

in case of storage al be bafieres ol VERDOR's factory belore delivery on sile the VENCOR shall provide

taciiies o snsurs reguiar recharging al e batierss, In gl cases the batierias shall be shipped lly charged.
1.2 Prohpating syatem

To engsaina slan-ug and pickup of o loads witheol mechanical riskes. Ubricadng oll and cooling water shall bo
T bl

Exmczh lquid is crgutsled N he angem by &0 Eech s gump 50 68 ko keep 1 al bampaoiung @aring abanolny peregs

This ptomadc aysiam abal be sopped a8 moon &= he slar-up order s received and whis the sngine s
Ogeraling.

Tre wihar & Baabad by (ove surlaee peredn Beahrg esiglances. OF sial b Pasled usryg & hol wals aachangsr.
The=se sy=tams skl inclute the laliowing ==iety ecuigimsant
- B hive WiS1e (e peralie e daleinni,
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= @ low oil lermperalee daleciar,

- i hoabod il mesl stancs vpe wmperaluf e Sevsor,

= A haaked salar ieds enee 1Pe IINgara e s Sensor,

= A slactric pumnps siopoed Spnal; Faldne of sech atecir e pusg shall be eelayed 1o e cortned pans

F.1.3  Fissl apply Bystem

Tra EPS &hall ba pravided wih an eriirely Qgonomous el supply aystem. The lued ayslam shail consls
hazicaly of an edectromcally caniralisd iniection system we sngls inisction pumps

Thaz Tl sipply of the EPS shall be inskdled bebseon ihe discharge al a prasity relay lank om the angine ard the
Filter upeiemm of Ihe Fiecion pumps

Tria creail shall inclucka & pomp coupled 1o tha deesl anging, & vabse Soorirabed Iram cobacka The dessel naom
mhal e ngladbag ppsiresim al tee coopled e

Tra Tuad ahall ba fed 10 te injeclion pumos through a daal permaiation Tyoae fllar oF wilh AEomais elacring

T4 Puewi fmnkn

Th EFE shall bo prowided with a dadly fank with adeoisie capaciiy io ensune the aubonomy of e group. This
daiky Jank shall bo insiafed inskde The sourdproof corkaner ard shat pliow the operalion of the EPS at (] oo
far @ paviad of B odrtinuca i hoar,

Th lark phipl b o dootsbs skinmed innk and shall B sl e rom Fee engice comparrment whaen inaislisg ssics
thi comalnar win a 2 houes fireg Dasmer.

The Blkng od the fank &l be by truck and should be possible without slopping the EFS. All precautions shall be
Ei ks 15 Bod Gy meler enbareyy e lank, The corsechian £hall b pagesd @ il o ey thial o e avanl ol 5
E'::':";lmﬂlu filing homa, the lsaks e ouled fo an mppropriabe tank. The el shall e iecluced sio e fank by
Tha tank shal Inchioa:

= gonrecions lor on-line supply

& ok

&  Hegh loveldraming

®  pxberced viggal el

& loelavel gage almm

E aankwmnmat| basin dor waets ol sdecusts csnacty

7.0 Engine Coolirg System

Thws erypre coobrg shall be consliluts ol 8 depl Qs rackaiar with verlicsl exscalion ard eaier cirouaion n
lgamd  Ciroul with coofing Tan aolivaled by ®e dissel ehnging The Groulahon pump & moused on aed aotivaled
ehraeily [ 1Fwin Sids,

Thax haadn resEEnoe far i coolng hgaid will be comiroBisd by tharmpostad andd sl bo iviasruptod by the stasting
ol fhe PS5
7.6 Exnpust sysbem

Thes typee ol eadpest silencer shall be Baaed on the sound power level requiesments which have o be comrgied
sl
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Expansian jEria sl lke argrs echemigl on the pipeyg shall ba apepped sih fasges
A pasily pooasshis symbem o exhaust eme sampling for analyses skl b provided
Apgragiais Aleps chall be takarn 2 erduis That

= o e Can penaibrale g e aerce

= ary cordeaalian Wil e avacuated by an aopropd iale diain sy b,

= Wihan vl sinck is designed 1o setksly sarhouake condisions, dischanga of 1ha axhausd fumes shall oo

b irderupted when nckiends oooar on the pipe downsirsam ol e sienoer
TAT  Chimmdy (Optonal)

Thes ebaust ductl of the EPS shall b commecisd ko an exiemal chimney msialied on the ool of the Scundpeooc!
CamaingT.
5 Hy 1he ity of gaE Al maEimum Gondimuces apeeabon mst b 51 Eeas| 25 me
Tra chimesay Teight shal e sized in seaion with andie talal dermal poenss dischange and ahall booar Basl of 5
abe.
Tha opaning o tha chimreys should hove & vatcal draatlan and do ol inokide barmers 1o (ke diiusion of gacss
dChinase hals L)
Fain sl codfelaroste parmaiand Seaining ahall be peevided i graven] chimaay salar anlaing o concsnsile
Shafnadion,
Tha aimeasphers of sibe is corosdve and heavy paluiae dw chimeaey shall ba mede of shambkes sad 3160 o
afuivakant {INOX 208 Forbkdden) o pravent any risk of Soros o

1.1.8 Enging insinimantailan

Tre giegel prgene must be supplied with &l the ingtrumeniabion necessary for =ale ang reliabis npgning
Ary i e panal ahall e poced de Bl sepprpsed vt melruenar e OF e Bech commgehes], fish mguardsg fypa
Trims imeprneed shall ndhcin of lapgl e G kawieg

&  Pressunrs googe - el ol

&  Pressuns gouge - lubricateng ol

®  Tamparsiure isdcelon - Coclng walsrn m

& Tompamiure ingicalcr - Cocling waber ol

# Tempomture intioator - lubncatng ol in

= TampamEiure indealee - lubsicatog ol ol

& Emsogency slop swilcn

&  Funmung tme mebsr

= Tochomshe

= Pyroenietnd, Ednial empanailing Wi salaclin sailel

- Tolndizneg tusd o meter

= Ham alarm wath cul-olf swibch

- Faull indicalos lights for awcessive coddant temperaiee, o of prossure, Aller Bypass oporing and
ll A,
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7.2 Genorator

Thaa ncemingl charaeieristcs of e shemalor a1 an enbiend air lempansiung of 3000 shall be as 1olkows:

Habigh |1l Fdependant Water Praject _ ﬁm PUWERIE‘
o o e | iy le—b \
N T yrrmp—— FUAB T BPE. BIDM B4 240 0001 HHE_
SAE R Ehl'Eﬂ-Ll-l g g e (LB e ] e R S P LR
| ABENGDA e ¢ | Pogerage | Dues | roolmin COMSULTI NG
(AT

Faull ingdcator ights (ar Lo solage e slaming batherass; balanes cherper aull, stafag laal

walliag
Insulation vokage kY
Floiewnal irequensy Fr HZ
Apparend nomminal povser 5 k'
M owanal powaer Tacio: Hlagairsdeadig|
Mominal Tofalion spaed Mo Tririm-1
Enciomns Protection [ =23
Ensaulaling protecian class F.H F
Mal.l_l.ruH:ﬂ“:l
PRRERLOT
i mpitral
conlacice
Pommissibla owdr load T 10
Siator wireding e e paEiuee (40 55 o 120
ambient, nominal Ioad)
Enciiminn PAAE
Himgrularioin types el
Ercilaisn
w  Duip! eohage vanahon rangs A%
e 1
R L0 ma
= Fraguany YaRalian randga T 5%
= Appuraoy e 1
*  Hespanee tma 3 15

Tran garerabai abgdl Ba of e (hree-phaue aynckoraus Type. Wil @ horisonial axis, asl-peciled with &
"brushinss”™, soll-veslilating ool labon Sysbom .

Generalor companerts insuisbon shall be of leeet class Foand the masmmum emperature ries of windings shall
b clies B aserding o bl clakailtcation ol ths IECSM34

Ungulation shall bo iofal conlinuous mpregnaltion or double disooniinucus npeegaalion oo

Thes generalor shal be mzed oo detiver i rominal power in PP geryics, wiln power {acior belwsen 0.8 nggeng
sl {10 bahting. Tor dmey Lomperahinon accentie tor he cooling i, an acihe peds gresitaer man e smaximum
pawer thal coudd be produced by i diesel eagine info warkous ambent emperriure cordBons,

Accoeping o the lemperobore e closs, the raled appoarend power of e geresstor will be siged for corinuols
cpchlisn under vl condlierd ol vallige, Tnequency (IEC EM S00G4-1 arsl BO0CH-T siscelards), ol tha
temparature of Ta primany coollng Baid [arh of 55 °C.

Thes maximum wales of fhe imrsse sequencs componenl of ke slaior currsnat thal must be supporksd by The
ganesalad rual B o corglacce ih e aeaesriphiors o ik IEC 800534-23 and IEC S0054-1 slardans
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Hakigh 111 Eng ezt Wealer Praject
E : 13,8 Erae gy P Bapp "‘Iq- & ERL:\'I,
[
. a Tiow RENERA BRE L ATIC jgl— lo—5
LI 4o Fichect ade: FuR B D0 B E BIDM E47 4480001
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The Hmil valpe of the harmanic Faclor THE ol $a genaiykrs «oRage muel be in compiarcs with the
raguEmianis of the |[EC S0G34-22 and 120 &0034.19 slandards.

The generaiors excitaion sysiem mist be ol fie trushioss” fype with the recifying systam base ol rokstng
chesigs rEns] on ke genamalor dar

Thes replacament of the components comprising tha sxcEation: equipmant poailisresd on e ahamatar shall not
rigale Sy alilEranlial waik.

Tre voliags reguaiar shall be of Elsctranio typs, preforanly opplied by batery and shall have the Tollowing
characanstics:

=  auiomaic wobage regulabion from wnicoded bo fUl loed wilh a varialion ower fhan o 5% raied ¥ ina
whakilias regime;

& possibitly of regulabon al the vollags mierance in fhe mnge batwaen B0 and 110% of The raked
vl gl i T Bk GTor Fato Do 035

& Imits ol oo and undar-eqcilalion thal o B nesg udabed:
= inliags sat poen shall be possibe ab esst adisted manusly
= Ratoonse lme o exokatinn syahem not balow T poaos
Tres rsguiaicr voltags shall b2 posilioned on the retrumerastion and corimd cabinet of (hs gerarsior sol

Prisdeicm of mechamcal ek (Fe gaeointion circud Draaker aFedl Ba provided lor marfanancs paepoie, on the
EFE MY swiichgoor {soe clauss sedichgear].

E=anngs shall be ssfher roling sement ami-lricion types o sefl-librcaisd sleewe {ypes.
The generstor el sysisn is 1T wilh neufral cortaclon

Thes meeni-rgid Eype couping s meanl o ransmil e sngine logos o e abemalor and o be used &= &
ateadineas Ty whiae by Bringng o suglamantasy inartia i e e part

The geresator shall bs sed-cooing with tha fan moumed direofly on the maching shall. The coolant fuld wsed
m=hall ba e roorm g, H shall b drawn inoon fhe sde cpocsite the diesel engine and gischarged inlo tha oom n
andar ia auiid any eeveling ol P hed o

Tho gonsralos shall be equipped win heailng sesistances o awold concensalion on shutdown. Thosa
resistances =hal nol be N servce dunng s=ot opsration

Tra genaraior mas! be suppliad il a8 the nainamanation necessarny o g sale and rellaibe sweming and B
guaranisn o siregks ard Fmmdaediale agecalian gl P gaoacalor ar gl 1he reliled Guxiiary fpalams

Tha genoralor enclkasuns shall be ooulpoed with ars-condongation haaters 10 avaid dolesioration ol the machna
dus bo candansation

Trw llbowing Frstriemesriibian risst be inchelsd ae 0 minrmigm;
& P HT [ in ke hofies) pode of each phass
& ATD iniha hot ar of the cookng croul
&  HTD inthe ooid air ol the coosing cinoul:
&  RATD pl fw salrsncs god el of (b cooling waler Padan appiicakie|
& 1 ET o sach bsarmg

& Flow-matichiz] for coniral of e ol seculntion in ihe discharge cicull ol pach bsarrg [when
Applcakie)

= Tharmestalia) lee activation ol the ani-candansabicn haslers

Rev-1 Greenhouse Gas Emission Estimation and Carbon Footprint Assessment Report
Rabigh-TWP-3- Sea Water Reverse Osmosis Plant Submitted to ACWA POWER

Copyright@Environmental Balance Company Page 101 of 115




A 1N Bngd naani Wealer P I
ez m Ti:’}ﬂf 133 B Ertapiea vy Pirsdd Baks iy "‘Iq-m Fapal ERL‘\
. GIEMEFAL %&Flufﬂ i a—
LI 4o Fichect ade: FUR B D0 B E BIDM E4] 480001 ﬁl
EE“{I}UEGLIH g g LT TR TR _#
i ABENGIA Aes " Fage- 2448 | Duis | smossnin COMSULTIRG
NG NE RS

7.3 Enclosing Contalne
Thes EPS will bey howeeed inoa compartmenisd soundperoo] contanon
= Din mechanical compamment whech wil Fouse o dessl snging and fhe gereratar unil.
= Dina akecincal compariment hor the switchgear & local cordod panad
The Gontarar and ils intsmal sapaabon shall be 2 hows fre esistanl

Tra confsnar hoime whall provide deeel gersialan nois recucton @ B54B max al 1 mame as par Bsacnical
dasign Epacication lor Packages oot RABII-5FE-SIDM: T2 Z-d40 0002 .

Arfegibraiion pacs wil be paced bebween the common rame ardd supparfing concnele slab,
Thain Sl roiar, wd ek 0 Tsmneicns Penad 10 Di ageciliad by the VERNDOR, will hawe Thie falowin g chiieciansbios:
- Sioed S0Won and mouikded sheol sruchee oompiobs #ilh oomar blaoos
- Sound-absorting paneds in freprood matenal for coeiainas noenal walls
= Birintake sienicens an both sides ol contamar
= Al caitlal allencar om he atamel aide of Th cantaine:
= Al ladid il ca il dhisdim wiith Iock Tacilly an bath aklea dbal B provide K7 socess o aol
& A Service doar for #ocaes 1o e conbol baard ragm
& Irdsmal ighing wih an dlgmeeation level meremum ol 200 los
=  Adequabs firefghling systern as per HFP& B0 requirsmsnis.
& A pormanerd laddsr 0 access o squpment kacaied on $he roof al the pordainer

- HVAC gyeiam oo mainkain the temperaliee ingide the sleciical compariment nedes the limis
accepianio by e oquipment

= Alliramal powar, conbol, |neurmeniation cables as per 0TS requirements (e resstant)
EFS baso plate shall be provided secured o sies! Boor by moars of and-wbradon spangs.

Adpguanle gpace of minemgm (1 medsn around engns ord genesaiar sholl e provided m amder 1o alkos ihe
Mmainienanes and e oporalian of 1ho diecel erdgee, the generalos erd all ol shid mouniad o peent.

Two 2] sarthing termvraks of cormosion resistance masens of adeguae s2e (lor B0mme o 240mne copper
cables connaxdon| mounied disgonaly akal b fited on e boltem of fhe Sordainer

Tra eceitaing will ba andpped with B ey Lige designed 1o 5 e somiiets santaner fifed with all inamal
aquipment
7.4 Swilchgear, conirol gear gnd moniitoring eguipment

Swilchgear, conrel gaar and mentaing eouipema shall be resalked inaide o elesrical companmen of The
COrTimnes.

Thes wanoior shall prosnge;

® The MY swichgea {or power and neulral commesion from fhe aliesnador and ouEgmng bowards the
EPS incommee ciiciil brjshos' an s aimiigancy-suppliag vwichgaar

# Thir chy bypes MV LY learafarmar 1o supphy e EPS ausdlsstias from the EPS el
® Fhe irstrumsantzgan prd corfrol panels
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Fanels shall b mads of 2mm minimum eckness sodld sheri merial and peodeciion degroe of tha enclosunos shall
b= ot feast [P 41 for WY swilchgear, |FS2 1or local contrel panel, and |F20 when the daor is open.

Local corbod dovices &ro easily aopcossibie from the fronl. dor ereolion, removal, makenance and contnsl
PUrpes

All thes prpipment an the gt ol the parsls shall be identifisd by nomeolnies in plasSc maoleral seced with
S AR

Ewory horm ol aguipmen sl be supplod with or of mane romopiases, witien Indolibly and pleoed so as o b
wisdkle apd lagile wham the epupiont & inastallad, in aocerdance with the apecification af B contmet

Wires leemina’s will be of the pre-inselated compression bype and ol wicring shall be ot east 25 mr? siranded
cropgrer corchucGr, BOE] W ropical grackes PVC mmglaled,

An interrl eartteng bar shall be provdsd, with proviscne for conrescion to e sorhing syt gnd Gon rescion
ol [Fva inbarmal malalic park, panals ardd daoe, S0 5 medal para sl Be cannecied o esath in camplianca witk
thin IEC shandards.

Tra garh connechinrs st be in copnar ard hase adedpiate LosEaN8, and i any aaun mol Bes than 16 mma

The earih conduoiors shal have geean-yoliow cheaths and wil be equipped al ihe ends wilh Ewiable wing
Barminaks,

The condaciors for conneclicres fo eguipmen] mourtsd on doors will be geouped In Beoble burdes. arargsd
angherad and proteched &0 a0 eeciode mechancal dolaromion end gireas an th bominsks

The gornaclions ol the auclisng creifts wall be plaged i abaatbe o Gordul in ssll- exnguishing matenal, rmacks
and localed 50 &% 16 enabie @aay checking and replecement ol tie candutlars comaingd in them and nal 1lao
baand 70 of 1hasr oapacity.

Thax panols sniol b peoyited with & naturad ak clrcutaticn, anil-condersaton healar and Bhling

The= oyerall hedght ol Foor mounied panss shall nol socesd 2 300 mm; Whan appicabie coore shall be ided waib
leeka or palbochire device

Cables shall be Bicughs in tlecugh Fe Batigen of the panele and cabdes panstiation, whesher lor crlgoing o
incoming cabkes shall b Feetad 10 congliube fire barmis.
a1 N i b g i

Thax sdlchgear shad b ol maaial onolosed sr-rsdaEied swlichgear of ssihoraveatss of G Bepoe comaiarm iEh tha
IEE E58-2007 (sacton 4.6.1 & 4.5.2) standard far momentary paraiel operation during load tes, squippsd of tha
folowing equipment:

" One |1] 3 PH bus bars fully nsulalod

® O (1) 13 B fhres phass meames meolcrmesd croail brasker sqepped with opesning ard Gesing
el fal pawan aappy lvam e EPE

® Taa (2 13,080V theed phase cuifcing mighorieed cicull Braaker eiuigpsd willh cpaning and cealing
goim and 1 Linder voallage coif lor the ermergerssy shuicoam

® Surge amestor to be prosicsd on ncomes and carigoing

. Earth awieh o ba prosided

= Ciras | 1) MWLY traredarmer Insdar {lrarsfarmiar nchclsd) Ioe audlaness probecied by HAC lees
® GTa far curmanl mesawrements prossclian purpose,

- WTH lof vollagse Maasuran e, pratecion and reguladon

- Ll coniral puah-bigions and indeanreg lamps
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® et ial warthing

The main equpment shal be slzed o withsiand shol cicull level @l oJdigoing erminata of T genanaior, ha
Qanesnior s pever coupled m parnlist

T foubsi sFal D scquips with acecra interkickirg] (msckhnnical Ko and bays aysiam} jo proven] Accras
o MY pams and equigmant @eida e paned whan all ke ehments contaned N o Swilchgear aia oo de
snerglzed and tha Y paris cormecied o the sadh

P el mhall be rvlaled on the froog af e cabosl 1 help uodecsiarg (he dillsrs opsraians.
Operaton of the cd-oul desaces shal be mape wisible ard all sedlching devices shall be lochaike
Citeel e nalsimars dhal sonitom 1o 1EC Q-1 stasdnn aed aball teai inslated wilf sl of Ul eore.

Thas cagmichy of sach transformmer shal be dolermined by e manufachuner of the Sweilchooor and shall b
acteguiate dor the dll burden of the conneciod spparais,

Chirnanl ranadanar hall howseear, #hall camaly with P Tollawing:

o COT noouranees

- For Mesmuremert tame | F25

- Far g carear Prataciion | Glass 5PN

= Far diteroniial proteotian cCiass B

Sepanoory raled sureni AL
o Pl Birden 1 Fuill Insagl + S0% cusrioad
o Basic Impulse Lowel [2AL] Eame a5 swRchoar.

Sacondary wirnsg of the curert rarpfommars shall be connectsd $rough terminal blocks with chargs-oyer links
50 pedmil saay 1Eling.

Tesding Hocks sha¥ b mounied i droer of tha paned, shall be suiabdy irsudsted and provided with a detachafbia
dust procd caver

Al euevand iranalaimars wnnll b powicss) with an dentiying lnbe givesy Tvpe, FaT0, SRS GUIELT &N el
Frarkar

WalRage lranslonmers shal conlormi 1o |EC 81859 standard. and shall rosin epaxy anocapsulabid typa. singhe -oong
ar 3 goras fvpe mouried on 2 dras-out iame

Tres WTa whall be protected by lasl gcbog fuses placed an pramary. Safndgs iype secorddary fuses and MGBs
shl ba pravidid

in (ke disconmecied postion, e primary and secomddary oEouits shali b autpmalico®y discornecied, ard
prirrdry fuesss grounck,

Main chasachaisiks shal Be tha Iolkwing)
YT aocueacies

- Fav BMessireriand i Claak |
- Far P rotactian : Class 3P
Ratio R R b it T B LR T
Badrmin L Ak par lFa nesding
o Bakic Impulsd Loawal (210 B =TT - N TR
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Hakigh 11 Bndepsnadant Waler Projact
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1"; TIm A Project cade: D BG-GB 5D -4 00
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| ARENGLLA, Fliey " Page: 2% | Diawe TEAENY CORLLILTI
EHOGINE RS

Th secordary windngs of tho volags iranalformaer snall ke earined. IF the ansformer seoondsy winding s star
connached sacondory winding the star point ahall ba loft unoarthed.

Extarmal conrectons io e vollage rarefomer seooncksy shadl be through a tes tlook.

748 Locel cantrgl paned

Local coniral para 5hal 00 comglianl s e regdemans of e eecical design seecHication for Packages
dae. RABNA-BFE-BIDM-ZZT.4a0- 003,

Logal porivel panel shal provide all nocossary dovioes to operabe the dissel genoraiod locally and sy shanal
Jalarms, messures and protections| wil b available dor remole ndicadan
T4.3 LV puwed dislcliulians

Tha inshromaniaton &nd conegl panels shall inchede 5 $00VAL LY power dalrbulion segrecatad 16 (ks
inatrueania®on and conkol agupemend o supaly the auxllares o the EPS such as genarator cordonaalion

heaters, prehenting system. fuel froging, panel bsales shc
Thin LV gintnbation =hal e fod from the posser plant A00VAL swilchgears mstalisd in fhe slecincal Buicing
when e EPS & olopped ard foen the EPS fesl twcugh the ALY audliang translormes of (he EFS A
AT

= Achargeceer gypsiem chall e prosaded 1o a8 an the poses sugaly from e EPS whsen i e anming

& Ao AGT Sph wifhou] reutral will o suppbed from the efecirical buiking: am isolating translarmer shall be
prouided by iha YERMDOR.

Thul inatrrmardalon angd il pangly ghall ookl g DG o distriigion 9 supply meleimenlabion, comiral
and autamalbkm devices. Tha DC d@oivbution shall be supphad by an edditlonal Basony/Sattery changar aysiam
powsned by Bre 230 VAS UPS sy=tam al the pland

Ewary hcull shall ke prodected pdegquaiely Mopph Greal bresaker, luses, Fweogd elays, sic. by aekeg 0
correhdlaraiEan tha Maesrum cumant Gnol g rabed ghon cincgil valis of the Sananl circuils
T.4.4 Proleoiksa, slemm and conirod dovloss

The EFS Iocal coringd pansd shall irclude the follosing main soupmant:

= Th emesgenay diasal goneraiar contral PLG

* Thewodtage and spesd reguialion sy siems

" T he alermm sysiam

" T hie aux@ary 1efys

® Ths Tuners

® Tarminal bowss for axlernal cormectione

P 4T Measudirug IRsismbediis

Tre Follcraing rensurement shall De provided and can bo localy disglay and provisin shall be provided for 4
20mu, reenobe rd ket kan (Ta b clariliod latery.

- Hari eaor autpl ¢unhel,
= Charsialar aiilpril villags,
® Gerastor aclive power,

= SErsoadar reati i DOwWer,
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74,45 Growped mechrnoal slarm st staus shymiing
® mgmmal gerersior wohage (U = B0
. GEMSET nsning
® GEMNSET Raady U Load
- Swatch oponediclosed
® Pra-heatng of waber shefus
" Swatch apened'closed
® Pra-haalaeg of vl sbsius
- Chesal pump onall
" Baiiary changing

4.8 Selwly Circul

Dencan arel wiring shal ba provided jo 8508 (e uai] el slmulaneoely apen e MY - Switsngean incimng
CifCist Braaker, wder The conditiaons ol

L Ve snese,
® B Saclare Tamparaiues,
= Lera lubricaling ol SRR

nficalor wmps shall show which device slopped the engine ard there shall be 5 tes] circue for the lamps, Tha
e irgs of enmngy lor heda grcus ghall De soparate rgen tha Slarkng crcudl

& BATING FLATE AND MARKINGS
Haling piabs information shall b2 in complance wih the regunemenss of 150 8523-3 clavse 14 ard shak ghve al
feasi the tolosing nformid om
8.1 EFS rating plato

" The words Eenembng s 50 85297

- T rvsdad lrar s fdens o ek

" The sa1 canal rambor;

L] Thie ga] ydar of mandaciurer,

- The rawed poser (KWA] weh one of the prelises COP, PAP, LT or ES® in accordanca wieh tha
raquiraments of 150 85281

- The S0l porlermanos class @ aocond ancs wih e regucomaent of 150 85281 |
® The rated poraer facion:

- T hie misebnum 580 alitucs above san- vl [m)

- Thie s Enurm gl armbian Sepseatun (0

= Thix Set rated frequency (Hz;

® The sl rabed voltzge W)
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