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BASIS OF REPORT
This document has been prepared by an SLR Group company with reasonable skill, care and diligence, and taking account of the
manpower, timescales and resources devoted to it by agreement with Sishen Iron Ore Company (the Client) as part or all of the
services it has been appointed by the Client to carry out. It is subject to the terms and conditions of that appointment.
SLR shall not be liable for the use of or reliance on any information, advice, recommendations and opinions in this document for any
purpose by any person other than the Client. Reliance may be granted to a third party only in the event that SLR and the third party
have executed a reliance agreement or collateral warranty.
Information reported herein may be based on the interpretation of public domain data collected by SLR, and/or information supplied
by the Client and/or its other advisors and associates. These data have been accepted in good faith as being accurate and valid.
SLR disclaims any responsibility to the Client and others in respect of any matters outside the agreed scope of the work.
The copyright and intellectual property in all drawings, reports, specifications, bills of quantities, calculations and other information
set out in this report remain vested in SLR unless the terms of appointment state otherwise.
This document may contain information of a specialised and/or highly technical nature and the Client is advised to seek clarification
on any elements which may be unclear to it.
Information, advice, recommendations and opinions in this document should only be relied upon in the context of the whole
document and any documents referenced explicitly herein and should then only be used within the context of the appointment.
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EXECUTIVE SUMMARY
Introduction
This climate change risk assessment was undertaken as part of the environmental impact assessment process
for the proposed Sishen Solar PV Project (hereinafter referred to as the “Project”).

Legal Framework
The Project is being developed within the context of several South African climate-related policies and plans,
international treaties, standards, and guidelines, and company-specific strategies and plans.

Project Description
The Project will be located at the Sishen Iron Ore Mine, near the town of Kathu in the Northern Cape Province.
The Project site will be approximately 340 ha in extent and located on the existing G80 waste rock dump
(WRD).
The total installed capacity of the Project will be up to 150 megawatts peak (MWp), which will be developed
in phases over time. The Project will consist of solar PV modules, mounting structures, inverters, battery
energy storage system, electrical cables, collector substation and switchyard, transmission lines, and
associated infrastructure (i.e., operation and maintenance buildings, water storage tanks, conservancy tanks,
main access road, and maintenance roads).

Description of Affected Environment
The Northern Cape Province, in which the proposed Project will be located, is generally hot and dry, with
fluctuating temperatures and low rainfall. In the last four decades, mean annual temperatures have been
rising with an increase in the number of hot days per annum. While there has been no apparent increase or
decrease in mean annual rainfall from 1901 to 2020, the broader region has however experienced an increase
in the frequency of dry spells and agricultural drought over the period 1961 to 2016. There has been a slight
decrease in the inland regions of the Northern Cape from 1995 to 2014.
Table ES1 presents a summary of projected changes in temperature, extreme heat, rainfall, and wind in the
short- and medium-term under different climate scenarios.
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ES1: Summary of projected changes in climate in the short- and medium-term
Parameter

Short-term
SSP1-1.9

Medium-term
RCP4.5

SSP5-8.5/
RCP8.5

SSP1-1.9

RCP4.5

SSP5-8.5/
RCP8.5

Mean annual
temperatures
Number of very hot
days
Largest 1-day rainfall
Return period in largest
1-day rainfall*
Mean wind speed
*Except for the 100 year return period in the SSP1-1.9 scenario in the short-term and 5 year and 10 year return periods in the
SSP1-1.9 scenario in the medium-term.

In 2021, Sishen’s greenhouse gas (GHG) emissions were calculated to be 730 792 tonnes carbon dioxide
equivalent (tCO2e). Diesel consumption accounted for most of the emissions (50.7%), followed by electricity
(49.2%), petrol (0.1%), and liquified petroleum gas (0.003%). In 2017, South Africa’s national GHG emissions
were calculated to be 516.4 million tonnes carbon dioxide equivalent (MtCO2e), excluding forestry and other
land uses. The energy sector was the largest contributor to the national GHG emissions, accounting for 80.1%
of total emissions.

Impact Assessment
The projected changes in climate in the short term (2020 to 2039) and medium-term (2040 to 2059) are
unlikely to have a significant impact on the Project, provided that the future increases in temperatures and
extreme heat are taken into account in the design. Potential negative impacts include damage to the access
road, reduced performance of the solar PV modules and BESS, thermal runaway in the BESS, and workers
suffering from heat stress. The Project will also have a positive impact of high significance on the Sishen Mine’s
annual GHG emissions and product-unit intensity.

Cumulative Assessment
The Project will make a negligible contribution to South Africa’s national GHG emissions during the
construction phase. The contribution of the Project to the national power pool will also negligibly decrease
the carbon intensity of South Africa’s power grid.

Recommendations for the Environmental Management Programme
The recommendations for inclusion in the environmental management programme (EMPr) are as follows:
• Develop and implement a stormwater management to divert runoff away from the access road;
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Repairing potholes, rutting, and corrugations immediately to avoid water penetrating beneath the
road surface;
Scheduling regular maintenance, e.g., every year, to check potholes, rutting, and corrugations and
repair them before water damage causes further erosion;
Review and revise (if required) the design standard of the solar PV module, given the observed and
projected increases in daily maximum temperatures and number of very hot days;
Review and revise (if required) the cooling units of the BESS, given the projected increases in daily
maximum temperatures and number of very hot days;
Ensure that mechanisms are in place to prevent the over-charging of batteries;
Ensure that a standard operating procedure is in place for safe handling of batteries;
Ensure that emergency services receive adequate training on responding to Li Ion battery fire;
Implementing a worker health awareness program to educate workers (and contractors) about the
importance of drinking water and identifying the early signs of heat stroke/dehydration.
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ACRONYMS AND ABBREVIATIONS
Acronym / Abbreviation

Definition

BESS

Battery energy storage system

CMIP6

Coupled Inter-Comparison Project No. 6

EIA

Environmental Impact Assessment

EMPr

Environmental management programme

EP4

The Equator Principles (2019)

FOLU

Forestry and other land use

General EHS Guidelines

General Environmental, Health, and Safety (EHS) Guidelines (2007)

GHG

Greenhouse gas

IFC Performance Standards

International Finance Corporation (IFC)’s Performance Standards on
Environmental and Social Sustainability (2012)

IPCC

Intergovernmental Panel on Climate Change

IRP 2019

Integrated Resource Plan (2019)

Li Ion

Lithium ion

Mt

Million tonne

MtCO2e

Million tonnes carbon dioxide equivalent

MWp

Megawatts peak

NCCAS

National Climate Change Adaptation Strategy (2019)

NDC

South Africa’s Nationally Determined Contribution

NEA

National Energy Act 34 of 2008

NEES

DRAFT Post-2015 National Energy Efficiency Strategy (2016)

PV

Photovoltaic

BAR

Basic Assessment Report

SSP

Shared Socioeconomic Pathway

SA LEDS

South Africa’s Low-Emission Development Strategy 2050 (2018)

SDG

Sustainable development goals

SIOC

Sishen Iron Ore Company

Sishen Mine

Sishen Iron Ore Mine

UHDMS

Ultra-high dense media separation

UNFCCC

United Nations Convention on Climate Change

WRD

Waste rock dump
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Climate Change Risk Assessment for Sishen Solar PV Project
INTRODUCTION
SLR Consulting has been appointed by Sishen Iron Ore Company (SIOC), an Anglo American company, to
undertake a climate change risk assessment as part of the basic assessment (BA) process for the Sishen
Solar PV Project (hereinafter referred to as the “Project”).

SCOPE AND PURPOSE OF THE ASSESSMENT
The aim of the climate change risk assessment is to assess the risk of the Project to the anticipated changes
in climate, as well as the contribution of the Project’s greenhouse gas (GHG) emissions to climate change.
The objectives of the climate change risk assessment are as follows:
• Provide an overview of the legal framework within which this assessment was undertaken;
• Provide an overview of SIOC’s existing climate change plans, processes, policies, and systems;
• Describe the baseline and anticipated changes in climate;
• Assess qualitatively the climate change risks to the Project;
• Identify the significant sources of GHG emissions;
• Quantify the scope 1 and Scope 2 emissions of the Project;
• Identify the impacts of the Project’s GHG emissions; and
• Identify measures to mitigate the climate change risks to the Project and the Project’s GHG
emissions.

CONTENT OF THE CLIMATE CHANGE ASSESSMENT
The structure of this report is largely based on the information requirements as set out in Appendix 6 of the
Environmental Impact Assessment (“EIA”) Regulations, 2014 [1]. These requirements are listed in Table 1
below, with references to the relevant sections of the report.
Table 1: Information to be included in specialist reports
Section
1.(1)

Requirements

Section addressed in report

A specialist report prepared in terms of these Regulations must contain

(a)

Details of

(i)

the specialist who prepared the report; and

Section 13

(ii)

the expertise of that specialist to compile a
specialist report including a curriculum vitae

Section 13 and Appendix A

(b)

a declaration that the specialist is independent in
a form as may be specified by the competent
authority

Section 14

(c)

an indication of the scope of, and the purpose
for which, the report was prepared;

Section 2

AA_Sishen Solar_Climate_Rev7.2
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Section

Requirements

(cA)

an indication of the quality and age of base data
used for the specialist report;

Section 12

(cB)

a description of existing impacts on the site,
cumulative impacts of the proposed
development and levels of acceptable change;

Section 6

(d)

the duration, date and season of the site
investigation and the relevance of the season to
the outcome of the assessment;

n/a

(e)

a description of the methodology adopted in
preparing the report or carrying out the
specialised process inclusive of equipment and
modelling used;

Section 7

(f)

details of an assessment of the specific identified
sensitivity of the site related to the proposed
activity or activities and its associated structures
and infrastructure, inclusive of a site plan
identifying site alternatives;

Section 6

(g)

an identification of any areas to be avoided,
including buffers;

n/a

(h)

a map superimposing the activity including the
associated structures and infrastructure on the
environmental sensitivities of the site including
areas to be avoided, including buffers;

n/a

(i)

a description of any assumptions made and any
uncertainties or gaps in knowledge;

Section 12

(j)

a description of the findings and potential
implications of such findings on the impact of the
proposed activity (including identified
alternatives on the environment) or activities;

Section 11

(k)

any mitigation measures for inclusion in the
EMPr;

Section 10

(l)

any conditions for inclusion in the environmental
authorisation;

Section 11

(m)

any monitoring requirements for inclusion in the
EMPr or environmental authorisation;

Section 10

(n)

a reasoned opinion—

(i)

(as to) whether the proposed activity, activities
or portions thereof should be authorised;

(iA)

regarding the acceptability of the proposed
activity or activities; and

AA_Sishen Solar_Climate_Rev7.2
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Requirements

Section addressed in report

(ii)

if the opinion is that the proposed activity,
activities, or portions thereof should be
authorised, any avoidance, management and
mitigation measures that should be included in
the EMPr, and where applicable, the closure
plan;

(o)

a description of any consultation process that
was undertaken during the course of preparing
the specialist report;

(p)

a summary and copies of any comments received
during any consultation process and where
applicable all responses thereto; and

(q)

any other information requested by the
competent authority.

n/a

2.

Where a government notice gazetted by the
Minister provides for any protocol or minimum
information requirement to be applied to a
specialist report, the requirements as indicated
in such notice will apply.

n/a

n/a

LEGAL, POLICY, AND PLANNING CONTEXT
There is no specific South African climate change legislation that is applicable to the Project. There are
however several climate-related policies and plans, which are presented in Table 2, that need to be taken
into consideration. The proposed Project is also being developed within the context of several international
treaties, standards, and guidelines, which are also presented in Table 2. SIOC also has climate-related
strategies and policies in place, which need to be considered. A summary of these is presented in Table 2.

AA_Sishen Solar_Climate_Rev7.2
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Table 2: Summary of relevant legislation, policies, strategies, and plans
Level

Title

Purpose

Relevant sections

International

Equator Principles
(2019)

The Equator Principles (2019) (hereinafter referred to
as “EP4”) are a financial industry benchmark for
assessing and managing social and environmental risks
in project financing [2]. EP4 is adopted voluntarily by
international financial institutions to ensure that the
projects financed by these institutions are developed in
a manner that is socially responsible and reflects sound
environmental management practices.

Principle 2 which sets out the GHG emissions reporting
requirements for projects emitting more than 100 000
tCO2e/annum, including the analysis of less carbonintensive alternatives.

International

2030 Agenda for
Sustainable
Development (2015)

The 2030 Agenda for Sustainable Development aims to
eradicate poverty in all its forms and dimensions
through the implementation 17 sustainable
development goals (SDGs) and 169 targets [3].

Goal 7 which sets out targets for ensuring access to
affordable, reliable, sustainable and modern energy for
all.
Goal 9 which sets out targets for building resilient
infrastructure, promoting inclusive and sustainable
industrialization and foster innovation.
Goal 13 which sets out targets for taking urgent action
to combat climate change and its impacts*

International

Performance
Standards on
Environmental and
Social Sustainability
(2012)

AA_Sishen Solar_Climate_Rev7.2

The International Finance Corporation (IFC)’s
Performance Standards on Environmental and Social
Sustainability (hereinafter referred to as the “IFC
Performance Standards”) cover the IFC’s strategic
commitment to sustainable development, as well as its
approach to risk management [4]. There are eight
environmental and social stainability performance

10

Requirements of Performance Standard 1 with respect
to the assessment of the vulnerability of a project to
climate change, and the identification of specific
climate change risks and appropriate adaptation
measures. Furthermore, requirements of Performance
Standard 3 with respect to quantification of the project
related GHG emissions, consideration of less carbonintensive alternatives, and the implementation of
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Purpose

Relevant sections

standards that a project is required to meet throughout
the life of an investment by the IFC.

measures for reducing the consumption of energy,
water, and other resources.

International

General EHS
Guidelines (2007)

The World Bank Group’s General Environmental,
Health, and Safety (EHS) Guidelines (2007) are technical
reference documents with general and industry-specific
examples of good international industry practice [5].
These guidelines are designed to provide users with
guidance on EHS issues in a range of sectors.

Recommendations for controlling and reducing project
related GHG emissions (Section 1.1).

International

Nationally
Determined
Contribution (2021)

The purpose of the South Africa’s Nationally
Determined Contribution (NDC) is to outline the
country’s plans to mitigate GHG emissions and to adapt
to climate change [6]. South Africa’s first NDC was
updated in September 2021 to align with the Paris
Agreement, and to reduce the country’s GHG emissions
target range to 398 - 510 million tonnes carbon dioxide
equivalent (MtCO2e) by 2025 and 350 - 420 MtCO2e by
2030.

South Africa’s GHG emissions reduction targets (Section
4).

International

International
Treaties

South Africa has ratified several international treaties
[7], including the United Nations Convention on Climate
Change (UNFCCC) (29 August 1997), Kyota Protocol (31
July 2002), and the Paris Agreement (1 November
2016).

South Africa’s international commitments to cut GHG
emissions and to adapt to climate change.

National

Climate Change Bill
(2021)

The purpose of the Climate Change Bill is to enable the
development of an effective climate change response
and a long-term, just transition to a low-carbon and
climate-resilient economy and society for South Africa
in the context of sustainable development [8].

Chapter 5 which sets out the requirements for GHG
emissions and removals, which includes the setting of
sectoral emissions targets and allocation of carbon
budgets.
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Purpose

Relevant sections
Schedule 3 which sets out South Africa’s interim
national GHG emissions trajectory.

National

National Climate
Change Adaptation
Strategy (2019)

The purpose of the National Climate Change Adaptation Strategic objectives, interventions, and actions of the
Strategy (2019) (hereinafter referred to as the
NCCAS (Section 3).
“NCCAS”) is to provide a common vision of climate
change adaptation and climate resilience for the
country, and to outline priority areas for achieving this
vision [9].

National

Integrated Resource
Plan (2019)

The purpose of the Integrated Resource Plan (2019)
(hereinafter referred to as the “IRP 2019”) is to provide
an electricity infrastructure development plan based on
least-cost electricity supply and demand balance, taking
into account security of supply and the environment
(minimise negative emissions and water usage) [10].

Emerging long-term plan (Section 5.2) and key
considerations and actions (Section 5.3). This includes
the principles for a just transition to a diversified
energy mix as reflected in South Africa’s long-term
plan.

National

Carbon Tax Act 15 of
2019

The purpose of the Carbon Tax Act 15 of 2019 is to
provide for the imposition of a tax on carbon dioxide
equivalent of greenhouse gas emissions [11].

Schedule 2 which sets out the activities and thresholds
for which tax is payable.
Parts 1 to IV set out the requirements for calculating
the amount of tax payable, the allowances, limitation of
allowances, the tax period, and payment of tax.

National

South Africa’s LowEmission
Development
Strategy 2050 (2018)

AA_Sishen Solar_Climate_Rev7.2

The purpose of South Africa’s Low-Emission
Development Strategy 2050 (2018) (hereinafter
referred to as the “SA LEDS”) is to provide a path going
forward in order to place the country on a low-carbon
trajectory, while at the same time ensuring broader
socio-economic development [12].

12

Section 5 which sets out measures to drive low carbon
development in the energy sector.

[OFFICIAL]

Sishen Iron Ore Company
Climate Change Risk Assessment for Sishen Solar PV Project

SLR Project No: 720.01145.00004
September 2022

Level

Title

Purpose

Relevant sections

National

National Energy Act
34 of 2008

The purpose of the National Energy Act 34 of 2008
(hereinafter referred to as the “NEA”) is to:
• Ensure that diverse energy resources are available,
in sustainable quantities and at affordable prices, to
the South African economy in support of economic
growth and poverty alleviation, taking into account
environmental management requirements and
interactions amongst economic sectors; and
• Provide for energy planning, increased generation
and consumption of renewable energies,
contingency energy supply, holding of strategic
energy feedstocks and carriers, adequate
investment in, appropriate upkeep and access to
energy infrastructure [13].

Chapter 1 which sets out the objectives of the NEA, and
in particular, the availability of diverse energy resources
and increased generation and consumption of
renewable energies.

National

DRAFT Post-2015
National Energy
Efficiency Strategy
(2016)

The purpose of the DRAFT Post-2015 National Energy
Efficiency Strategy (2016) (hereinafter referred to as
the “NEES”) is to respond to the increasing demand for
energy alongside a growing commitment to improving
resource use and reducing South Africa’s national
environmental footprint [14].

Pathway to realising South Africa’s energy efficient
future in the industry and mining sector (Section 5.4).

Companyspecific

Anglo American
Sustainability
Strategy (2021)

The purpose of the Anglo American Sustainability
Strategy (2021) is to provide for innovation and step
change results across the entire mining value chain
[15]. The strategy is built around three global
sustainability pillars, namely Trusted Corporate Leader,
Thriving Communities, and Healthy Environment.

Anglo American’s vision to operate carbon neutral
mines, to reduce GHG emissions by 30% by 2030, and
to improve energy efficiency by 30% by 2030.

AA_Sishen Solar_Climate_Rev7.2
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Level

Title

Purpose

Relevant sections

Companyspecific

Group Climate
Change Policy

The purpose of the Group Climate Change Policy is to
set out the principles that will inform Anglo American’s
approach to the challenge of climate change and the
management of risks and opportunities associated with
it [16].

Anglo American’s climate change policy, and in
particular the key principles.

Companyspecific

Group Standard on
Energy and Green
House Gas Emissions
Management

The purpose of the Energy and GHG Emissions
Management Guideline is to define the minimum
systems and processes required for the improvement
of energy and GHG emissions performance [17].

Section 6 which sets out the minimum requirements
with respect to people and systems.
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PROJECT DESCRIPTION
5.1 PROJECT LOCATION
SIOC is proposing to develop the Sishen Solar PV Project, a solar photovoltaic (PV) facility and associated
infrastructure, at the Sishen Iron Ore Mine (hereinafter referred to as the “Sishen Mine”) [18]. The Sishen
Mine is an opencast mine located near the town of Kathu in the Northern Cape Province. The Sishen Mine
currently receives electricity from Eskom, the national power utility, through the Ferrum substation. The
Project site will be approximately 340 ha in extent and located on the existing G80 waste rock dump (WRD)
– see Figure 1.

5.2 PROJECT COMPONENTS
The total installed capacity of the first phase of the Project will be up to 150 megawatts peak (MWp), which
will be developed in phases over time [18]. The total installed capacity of the Project could potentially be
up to 315 MWp. The additional capacity over and above the 150 MWp being applied for does not form part
of this application and has only been mentioned for contextual purposes. Table 3 below provides a summary
of the main Project components.
Table 3: Main Project components [18, 19]
Infrastructure

Description

Solar PV modules

Ground mounted solar PV panels.

Mounting structures

Trackers or fixed tilt mounting structures.

Inverters

Inverter stations.

Battery energy storage system
(BESS)

BESS with total storage capacity of 400 MWh and maximum output of
100 MWh (i.e., 4 hours’ worth of storage).

Electrical cables

Electrical cables (aboveground or underground) linking the solar PV
modules, BESS, inverters, and collector substation.

Transmission lines

132 kV transmission lines between onsite collector substation and
existing Pit 2 Substation (aboveground or below ground).
Transmission lines will be located within a transmission line corridor
(approximately 4 km in length and 255 m in width).

Substation and switchyard

190 MVA substation, transformer bays, and a switchyard.

Associated infrastructure

•
•
•
•

Operation and maintenance buildings;
Water storage tanks;
Conservancy tanks;
Main access road (approximately 5 km in length and 50 m in width);
and
• Maintenance roads.

Presently, the average load is 43.3 MW with an average maximum loading of 60.3 MW. There are two
planned projects, namely the ultra-high dense media separation (UHDMS) plant and slimes booster pump

AA_Sishen Solar_Climate_Rev7.2

15

[OFFICIAL]

Sishen Iron Ore Company
Climate Change Risk Assessment for Sishen Solar PV Project

SLR Project No: 720.01145.00004
September 2022

station, which will increase the average demand to approximately 50 MW with peak demand of 70 MW in
the next couple of years.

5.3 PROJECT PHASES
The first phase of the Project has been sized to meet the current load profile and future load (i.e., UHDMS
plant and slimes booster pump station), with some spare capacity for hydrogen generation and/or wheeling
to other Anglo American mine sites. Note that the infrastructure required for hydrogen generation does not
form part of this application and has only been mentioned for contextual purposes. Construction of the
Project is planned to start in 2023 and take approximately 12 to 18 months. Operations are expected to
commence in 2025.
For the purposes of this assessment, it is assumed that the Sishen Mine will undertake the site preparation
for the Project as part of the rehabilitation of the G80 WRD. The GHG emissions associated with site
preparation activities have therefore been excluded from this assessment. It is likely that the following site
preparation activities will be required:
• Importing material to ensure final cap of at least 0.5 m;
• Levelling and shaping of the development area with a consistent slope of 1 - 1.5% towards
stormwater infrastructure; and
• Remove oversized partials or boulders that cannot be broken down.
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Figure 1: Site layout
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DESCRIPTION OF THE AFFECTED ENVIRONMENT
6.1 BASELINE AND PROJECTED CHANGES IN CLIMATE
6.1.1 Baseline Conditions
The Project will be located within the Northern Cape Province, in the north-western corner of South Africa.
The climate of the Northern Cape is typical of desert and semi-desert areas. The region is generally hot and
dry, with fluctuating temperatures and low rainfall [16].
January is generally the hottest month with monthly maximum temperatures that range between 17.5◦C
and 33.4◦C, with a mean of 25.5°C, while July is generally the coldest month with temperatures that range
between 3.0°C and 19.3°C, with a mean of 11.2°C [21] - Figure 2. Overnight temperatures often drop below
0°C. Average annual rainfall is around 224.5 mm. March is generally the wettest month with average rainfall
of 37 mm, while September is generally the driest month with average rainfall of 6.6 mm [21].

Figure 2: Monthly temperatures and rainfall from 1991 to 2020 [21]
With the high number of sunny days, the Northern Cape has some of the highest solar radiation intensity in
Southern Africa [20].
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6.1.2 Observed Trends
As shown in Figure 3, mean annual temperatures have increased steadily in the Northern Cape from around
17.5°C in 1901 to 19°C in 2020.

Figure 3: Observed mean temperature from 1901 to 2020 [21]
The same is true for mean monthly maximum temperatures which have also increased steadily from 25.5°C
in 1901 to 27.2°C in 2020 – see Figure 4.

Figure 4: Observed mean maximum temperature from 1901 to 2020 [21]
Since the 1960s, changes in the distribution of mean annual temperatures have been observed in the
Northern Cape, in which the Project site is situated. Bell-shaped distribution curves are used in Figure 5 to
show these changes, with each curve representing a thirty-year period. The shift of the curves to the right
shows that annual mean temperatures have been increasing over time, while the flattening of the curves
shows that the distribution of mean annual temperatures (i.e., variability) have also been increasing over
time.
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Figure 5: Change in distribution of mean temperatures from 1901 to 2020 [21]
The annual number of hot days has also increased over the last four decades [22]. There is increasing
evidence that the rising mean temperatures together with the extreme heat has increased heat stress,
impacting negatively on agriculture and human health and wellbeing. Furthermore, the occurrence of cold
extremes, including frost days, have decreased.
Since the 1960s, changes in the onset, duration and intensity of rainfall have been observed in the Northern
Cape. As shown in Figure 6, the slight shift in curves to the right shows that there has been a negligible
change in mean annual rainfall. The narrowing of the curve shows that the distribution of mean annual
rainfall has been decreasing over time, which may indicate that there will be fewer, more intense rainfall
events.
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Figure 6: Change in distribution of mean rainfall from 1901 to 2020 [21]
As shown in Figure 7, there has been observed decrease in mean monthly wind speeds (0.72%) in the inland
regions of the Northern Cape from 1995 to 2014 [23]. Mean monthly wind speeds at Brandvlei (NC4) are
approximately 3.62 m/s, which would be categorised as a “gentle breeze” in terms of the Beaufort wind
scale.
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Figure 7: Observed trends in mean wind speed in the Northern, Western, and Eastern Cape from 1995
to 2014 [23]

6.1.3 Projected Trends
The following section presents the projected changes in the climate of the Northern Cape in the short term
(2020-2039) and medium term (2040-2059), and under two climate scenarios (SSP1-1.9 and SSP5-8.5).
The main source of data is the Coupled Inter-Comparison Project No. 6 (CMIP6). CMIP6 is an ensemble of
over 100 global climate models from 49 modelling centres across the world. CMIP6 is the foundational data
used in the Intergovernmental Panel on Climate Change (IPPC)’s Sixth Assessment Report, which was
released at the end of 2021 [24]. CMIP6 data is presented at a spatial resolution, 1º x 1º (~100km x ~100km).
The benefit of using CMIP6 is that it is an ensemble of different models and thus includes information on a
wide range of possible future climate changes and the associated uncertainties.
This assessment considers two scenarios, namely SSP1-1.9 (best case) and SSP5-8 (worst case). Each
scenario represents a different Shared Socioeconomic Pathway (SSP). SSPs are used in CMIP6 to represent
different global policy responses to climate change. Figure 8 presents the projected changes in global
surface temperatures relative to 1850-1900.
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Figure 8: Global surface temperatures relative to 1850-1900 [24]
Table 4 presents the projected changes in global surface temperatures relative to 1850-1900 in the selected
scenarios.
Table 4: Changes in average global surface temperatures in the selected scenarios [24]
Scenario

Description

Near term (2020 –
2039)

Mid-term (2040 –
2059)

Best
estimate

Very
likely
range

Best
estimate

Very likely
range

SSP1-1.9

Sustainability – Taking the Green Road
(Low challenges to mitigation and
adaptation)

1.5°C

1.2-1.7°C

1.6°C

1.2-1.0°C

SSP5-8.5

Fossil-fuelled Development – Taking the
Highway (High challenges to mitigation,
low challenges to adaptation)

1.6°C

1.3-1.9°C

2.4°C

1.9-3.0°C

This assessment has also considered the projected changes presented in the Green Book, an online planning
support tool, developed by the Council for Scientific and Industrial Research [25]. The Green Book utilises
an ensemble of six global climate models and is presented at a spatial resolution of 8 km x 8 km. The Green
Book considers two scenarios, namely RCP4.5 (lies between SSP1-1.9 and SSP5-8.5) and RCP8.5 (similar to
SSP5-8.5)

6.1.3.1 Change in Temperature
According to the IPCC, it is virtually certain that mean annual temperatures will increase in the southwestern region of Africa due to global warming [22]. It is projected that by 2050, mean annual temperatures
will increase on average 2.7°C in the RCP4.5 scenario and 3.3°C in the RCP8.5 scenario [25].
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Figure 9 and Figure 10 present the projected change in daily maximum temperatures in the Northern Cape
in the short- and medium term, respectively. In the short-term, maximum daily temperatures are projected
to increase by 1.2% (May) to 4.0% (July) in the SSP1-1.9 scenario, and 2.5% (October) to 4.5% (May) in the
SSP5-8.5 scenario [21]. In the medium-term, maximum daily temperatures are projected to increase by
2.3% (May) to 5.8% (July) in the SSP1-1.9 scenario, and 6% (December) to 10.1% (June) in the SSP5-8.5
scenario [21].

Figure 10: Projected change in daily maximum
temperatures in the medium-term [21]

Figure 9: Projected change in daily maximum
temperatures in the short-term [21]

6.1.3.2 Change in Extreme Heat
According to the IPCC, it is virtually certain that the number of heat waves and very hot days will increase
in the south-western region of Africa due to global warming [22]. In this context, ‘very hot days’ are defined
as days where surface temperatures exceed 35°C [21]. According to the CSIR, the number of hot days will
increase by 36.8 by 2050 in the RCP4.5 scenario [25].
Figure 11 and Figure 12 present the projected change in number of very hot days in the Northern Cape in
the short and medium term, respectively. In the short-term, the number of very hot days are projected to
increase by 15.15 days in the SSP1-1.9 scenario and 16.21 days in the SSP5-8.5 scenario. In the mediumterm, the number of very hot days are projected to increase by 21.25 days in the SSP1-1.9 scenario and
35.77 days in the SSP5-8.5 scenario. December, January, February, and March are projected to experience
the greatest increases in number of very hot days.
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Figure 11: Projected changes in number of very
hot days per month in the near term [21]

Figure 12: Projected changes in number of very
hot days per month in the medium term [21]

6.1.3.3 Change in Rainfall
According to the IPCC, it is highly likely that the south-western region of Africa will become drier, with
increasing drought frequency, intensity, and duration under SSP5-8.5 scenario [22]. Furthermore,
meteorological drought duration is projected to increase from two months (during 1950 to 2014) to
approximately four months in the medium term.
In the short-term, it is projected that the largest 1 day rainfall will increase by 1.25 mm in the SSP1-1.9 and
decrease by 0.99 mm in the SSP8.5 scenario [21]. In the medium-term, it is projected that the largest 1 day
precipitation will increase by 2.47 mm in the SSP1-1.9 scenario and 2.42 mm in the SSP8.5 scenarios.
Table 4 presents the projected change in the return period of the largest 1-day rainfall event in the Northern
Cape in the short- and medium-term. In general, there is an increase in the return period in the SSP1-1.9
and SSP5-8.5 scenarios in both the short- and medium term, while there is generally a decrease in the return
period in the SSP1-1.9 and SSP5-8.5 scenarios in both the short- and medium term [21].
Table 5: Change in the future return period of largest 1-day rainfall in the short- and medium-term [21]
Return-period

Short-term

Medium-term

SSP1-1.9

SSP5-8.5

SSP1-1.9

SSP5-8.5

5 year

0.02

-0.06

0.13

-0.23

10 year

0.06

-0.25

0.13

-1.06

25 year

0.09

-1.15

-0.24

-4.65

50 year

0.05

-3.24

-1.45

-12.31

100 year

-1.68

-8.52

-4.89

-29.97
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6.1.3.4 Change in Wind
According to the IPCC, it is likely that the south-western region of Africa will experience an increase mean
wind speed due to global warming [22]. In the summer months (December, January, February), mean wind
speed is projected to increase by up to 0.5% in the RCP4.5 scenario and decrease by up to 0.5% in the RCP8.5
scenario [26]. In the autumn months (March, April, May), mean wind speed is projected to increase by up
to 1.5% in both the RCP4.5 and RCP8.5 scenarios. In the winter months (June, July, August), mean wind
speed is projected to increase by up to 2.5% in both the RCP4.5 and RCP8.5 scenarios. In the spring months
(September, October, November), mean wind speed is also projected to increase by up to 2.5% in the
RCP4.5 and RCP8.5 scenarios.

6.2 BASELINE GREENHOUSE GAS INVENTORY
6.2.1 Sishen Mine’s GHG Inventory
In 2021, Sishen’s GHG emissions was calculated to be 730,792 tCO2e. Diesel consumption accounted for
most of the emissions (50.7%), followed by electricity (49.2%), petrol (0.1%), and liquified petroleum gas
(0.003%) [27].

6.2.2 South Africa’s GHG Inventory
In 2017, South Africa’s national GHG emissions was calculated to be 516.4 million tonnes carbon dioxide
equivalent (MtCO2e)1, excluding forestry and other land use (FOLU), and 485.8 MtCO2e including FOLU [28].
The national GHG emissions are lower with the inclusion FOLU as certain land uses, such as forestry, remove
GHG emissions. South Africa’s GHG emissions have increased gradually since 2000, with an average annual
growth rate of 0.8%, excluding FOLU, and 0.6%, including FOLU.
In 2017, the energy sector was the largest contributor to the national GHG emissions (80.1% excl. FOLU and
85.2% incl. FOLU). The contribution of the energy sector is higher with the inclusion FOLU because FOLU
reduces the national GHG emissions, thereby increasing the contribution of the energy sector. The energy
sector also accounted for 96.5% of the increase in national GHG emissions from 2000 to 2017 (excl. FOLU).
Within the energy sector, energy industries accounted for the majority of the GHG emissions (60.7%),
followed by transport (13.3%), other sectors (9.3%), and manufacturing industries and construction (7.0%).
Electricity and heat production accounted for the majority of the emissions within the energy industries
sector (86.8%).

METHODOLOGY
7.1 APPROACH TO IMPACT ASSESSMENT
The assessment was undertaken using SLR’s impact assessment matrix. This approach incorporates two
aspects for assessing the potential significance of impacts, namely consequence and probability of
occurrence – see Figure 13.

______________________
1

Based on global warming potential of IPCC’s Third Assessment Report.
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Figure 13: Impact assessment matrix

Table 6 below provides a more detailed description of consequence, which is a function of intensity,
duration, and extent.
Table 6: Description of consequence and probability criteria
Criteria

Rating

Description

Intensity

Zero to very low

Negligible change, disturbance, or nuisance. The impact affects
the environment in such a way that natural functions and
processes are not affected. People / communities are able to
adapt with relative ease and maintain pre-impact livelihoods.

Low

Minor (slight) change, disturbance, or nuisance. The impact on
the environment is not detectable or there is no perceptible
change to people’s livelihood.

Medium

Moderate change, disturbance, or discomfort. Where the
affected environment is altered, but natural functions and
processes continue, albeit in a modified way.
People/communities are able to adapt with some difficulty and
maintain pre-impact livelihoods but only with a degree of
support.

High

Prominent change, disturbance, or degradation. Where natural
functions or processes are altered to the extent that they will
temporarily or permanently cease. Affected people/communities
will not be able to adapt to changes or continue to maintain-pre
impact livelihoods.

Short term

< 5 years.

Medium term

5 to < 15 years.

Long term

> 15 years, but where the impact will eventually cease either
because of natural processes or by human intervention.

Permanent

Where mitigation either by natural processes or by human
intervention will not occur in such a way or in such time span that
the impact can be considered transient.

Duration
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Criteria

Rating

Description

Extent

Local

Impact is confined to project or study area or part thereof, e.g.,
limited to the area of interest and its immediate surroundings.

Regional

Impact is confined to the region, e.g., coast, basin, catchment,
municipal region, etc.

National

Impact is confined to the country as a whole, e.g., South Africa,
etc.

International

Impact extends beyond the national scale.

In addition to impact significance, this assessment also considered additional criteria, namely the degree of
confidence, degree to which the impact can be mitigated, and the loss of resources, which are described in
more detail in Table 7 below.
Table 7: Description of additional criteria considered in the assessment
Criteria

Rating

Description

Degree of
confidence of
assessment

Low

≤ 35% sure of impact prediction.

Medium

> 35% and ≤ 70% sure of impact prediction.

High

> 70% sure of impact prediction.

None

No change in impact after mitigation.

Very low

Where the significance rating stays the same, but where
mitigation will reduce the intensity of the impact.

Low

Where the significance rating drops by one level, after mitigation.

Medium

Where the significance rating drops by two to three levels, after
mitigation.

High

Where the significance rating drops by more than three levels,
after mitigation.

Low

Where the activity results in a loss of a particular resource but
where the natural, cultural, and social functions and processes
are not affected.

Medium

Where the loss of a resource occurs, but natural, cultural, and
social functions and processes continue, albeit in a modified way.

High

Where the activity results in an irreplaceable loss of a
resource.

Degree to which
impact can be
mitigated

Loss of
resources

7.2 APPROACH TO CARBON FOOTPRINT ANALYSES
The approach to the carbon footprint analysis was guided by the following reference documents:
• Greenhouse Gas Protocol: Corporate Accounting and Reporting Standard (2004);
• Intergovernmental Panel on Climate Change (IPCC): 2006 IPCC Guidelines for National Greenhouse
Gas Inventories; and
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Department of Environmental Affairs: Technical guidelines for Monitoring, Reporting and
Verification of Greenhouse Gas Emissions by Industry (2017).

7.2.1 Operational Boundaries
Table 8 presents the emission sources which were included in this assessment, as well as the activity data
on which the GHG emissions were calculated.
Table 8: Emissions sources included in this assessment
Project phase

Scope

Emissions source

Activity data

Unit

Construction

1

Transport of solar PV modules, mounting
structures, inverters, and BESS to site by road.

Tonnage and
distance

tonne.km

Operations

2

Generation of electricity from the solar PV
system, thereby reducing the consumption of
electricity from the national grid.

Electricity

kWh

Table 9 presents the emission sources which were excluded from this assessment, as well as the reason for
the exclusion.
Table 9: Emissions sources included in this assessment
Project phase

Scope

Emissions source

Reason for exclusion

Construction

LUCF

Change in land use
with development of
the Project.

The Project will be developed on an existing WRD.
It is therefore highly unlikely that there will be
emissions associated with the removal of
vegetation, dead wood, and leaf litter.

1

Plant and equipment.

Diesel consumption of construction plant and
equipment is likely to be negligible as most of the
site preparation activities will be undertaken as
part of the rehabilitation of the WRD and therefore
outside of the scope of this assessment.

1

Diesel usage of
maintenance vehicles
and equipment.

GHG emissions associated with maintenance
activities is likely to be negligible as this will occur
relatively infrequently.

1

Fugitive emissions

Fugitive GHG emissions from refrigeration and airconditioning is likely to be negligible.

Operations

7.2.2 Reporting Period
The reporting period for this assessment is for the construction (12-18 months) and operational (~30 years)
phases. This assessment is the first GHG inventory for the Project, which can be used as a baseline against
which to track and compare the GHG emissions of the Project over time, particularly during the construction
phase. It is recommended that this inventory or baseline is retrospectively recalculated should any new or
additional information become available, or there are changes to the Project which would compromise the
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accuracy of the baseline. Further to this, it is recommended that the GHG baseline is reviewed, and updated
if required, on an annual basis during the construction phase.

7.2.3 Assessment Criteria
This assessment determined the intensity of the impact in terms of the extent to which the Project’s GHG
emissions will deplete South Africa’s remaining carbon budget, thereby compromising the country’s ability
to meet its NDC emissions reduction targets.
According to the IPCC’s Sixth Assessment Report, the world needs to limit carbon emissions to 300
gigatonnes in order to limit global warming to 1.5°C relative to pre-industrial levels [24]. This is known as
the global carbon budget. Using population as a proxy, South Africa’s share of the global carbon budget was
calculated to be 2 218 MtCO2e (0.74% of global carbon budget).
The thresholds developed by the European Bank of Reconstruction and Development (EBRD) [29] were used
as a benchmark to determine the level of intensity with respect to the depletion of South Africa’s remaining
carbon budget.
Table 10: Criteria used to determine the intensity of the impact
EBRD threshold

Percentage of South Africa’s
remaining carbon budget

Intensity rating

< 25 000 tCO2e

< 0.0011%

Low

25 001 – 100 000 tCO2e

> 0.0011% and < 0.0045%

Medium

100 001 – 1 000 000 tCO2e

> 0.0046% and < 0.0451%

High

> 1 000 001 tCO2e

> 0.0452%

Very high

IMPACT ASSESSMENT
8.1 CLIMATE CHANGE IMPACTS
The following section assesses the potential impact of changing climate on the Project. Given that the
Project will be located on an existing WRD, it is highly unlikely that any natural ecosystems or the
communities that are dependent on the services that these ecosystems provide will be negatively affected.

8.1.1 Construction Phase
This assessment has not considered the impacts or risks associated with the construction phase as
construction is planned to start in 2023, and the climate is therefore likely to be very similar to the baseline
presented in Section 6.1.1.

8.1.2 Operational Phase
8.1.2.1 Damage to the Access Road
Increases in annual mean temperatures and number of very hot days per annum can weaken and damage
the integrity of the pavement of the access road. Increases in extreme rainfall events can also lead to the
erosion of surface and subsurface layers, and damage to drainage infrastructure. As a consequence, there
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could be periods where there is no or limited access to the Project site for emergency repairs and/or routine
maintenance.
The pre-mitigation significance of this negative impact is considered to be low (see table below). The
intensity is likely to be high as the damage to the access road could potentially be severe following a severe
storm. The duration of the impact will be short term (time taken to repair road), with a local extent. With
the observed and projected increase in mean temperatures and extreme heat, together with the observed
increases in heavy precipitation, it is probable that the impact will occur.
To reduce the risk, the following mitigation measures are recommended:
• Develop and implement a stormwater management plan to divert runoff away from the access
road;
• Repairing potholes, rutting, and corrugations immediately to avoid water penetrating beneath the
road surface;
• Scheduling regular maintenance, e.g., every year, to check potholes, rutting, and corrugations and
repair them before water damage causes further erosion.
The implementation of the mitigation measures will likely reduce the significance of the impact from low
to insignificant with a decrease in intensity from high to medium and probability from probable to
possible.
Impact: Damage to the access road
Type of impact

Direct

Nature of impact

Negative

Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

High

Medium

Duration

Short term

Short term

Extent

Local

Local

Consequence

Low

Very low

Probability

Probable

Possible

Significance

Low

Insignificant

Degree of confidence in the assessment

Medium

Degree to which impact can be reversed

High

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated
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8.1.2.2 Reduced Performance of Solar PV Modules
Increases in annual mean temperatures and number of very hot days per annum can reduce the efficiency
of the solar PV modules. According to Patt et al. (2013), the efficiency of PV modules drops by approximately
0.5 % for every 1 °C increase in temperature [30]. High temperatures and extreme heat can also reduce the
design life of solar PV modules (and other electrical equipment).
The pre-mitigation significance of this negative impact is considered to be medium. The intensity is likely to
be medium as the reduction in efficiency will be moderate (<5%). The duration of the impact will be long
term (life of the Project), with a local extent. With the observed and projected increase in mean
temperatures and extreme heat, the impact will definitely occur.
To reduce the risk, the following mitigation measures are recommended:
• Review and revise (if required) the design standard of the solar PV module, given the observed
and projected increases in daily maximum temperatures and number of very hot days.
The implementation of the mitigation measures will likely reduce the significance of the impact from
medium to low with a decrease in intensity from medium to low.
Impact: Reduced performance of solar PV modules
Type of impact

Direct

Nature of impact

Negative

Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

Medium

Low

Duration

Long term

Long term

Extent

Local

Local

Consequence

Medium

Low

Probability

Definite

Definite

Significance

Medium

Low

Degree of confidence in the assessment

Medium

Degree to which impact can be reversed

Low

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Low

8.1.2.3 Reduced Performance of BESS
One of the technologies that is being considered for the BESS is lithium ion (Li Ion) batteries. Increases in
daily maximum temperatures and number of very hot days per annum can reduce the performance of the
Li Ion batteries. As shown in Figure 14 below, the performance or charge capacity of Li Ion batteries
(depicted as Qm) increases in the short term with temperatures between 25°C and 45°C but decreases at
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temperatures above 45°C [31]. However, higher temperatures also increase the degradation of the
batteries in the long term (i.e., reduction in Qm at cycle 250 is greater at 45°C than at 25°C).

Figure 14: Maximum charge capacity at different temperatures [31]
The pre-mitigation significance of this negative impact is considered to be medium. The intensity is likely to
be medium as the reduction in charge capacity will be moderate at temperatures above 25°C (room
temperature). The duration of the impact will be long term (life of the Project), with a local extent. With the
observed and projected increase in mean temperatures and extreme heat, the impact will definitely occur.
To reduce the risk, the following mitigation measures are recommended:
• Review and revise (if required) the cooling units of the BESS, given the projected increases in daily
maximum temperatures and number of very hot days.
The implementation of the mitigation measures will likely reduce the significance of the impact from
medium to very low, with a decrease in intensity from medium to low and probability from definite to
probable.
Impact: Reduced performance of BESS
Type of impact

Direct

Nature of impact

Negative

Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

Medium

Low

Duration

Long term

Long term

Extent

Local

Local

Consequence

Medium

Low

Probability

Definite

Possible
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Impact: Reduced performance of BESS
Significance

Medium

Degree of confidence in the assessment

Medium

Degree to which impact can be reversed

Low

Very low

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Low

8.1.2.4 Thermal Runaway in the BESS
Increases in daily maximum temperatures and number of hot days per annum can also increase the risk of
thermal runaway in Lio Ion batteries. Thermal runaway can occur when the batteries reach a critical
temperature that causes the onset of heat producing exothermic reactions, which lead to release of heat
and mixture of gases that can potentially ignite or explode [32]. The onset temperature is dependent on
several factors, including battery chemistry, state of charge, and an abuse event (e.g., puncturing battery,
overcharge, etc.). Since 2018, there have been approximately 38 utility scale Li Ion battery fires around the
world [33].

Figure 15: Fire at the 450 MWh Victorian Big Battery project in Australia [34]
The pre-mitigation significance of this negative impact is considered to be low. The intensity is likely to be
high as thermal runaway can cause severe damage to the BESS. The resulting fire and release of mixture of
gases also pose health risk to emergency services, employees, and nearby communities. The duration of the
impact will be short term (<5 years), with a regional extent. As thermal runway is not only a function of
ambient temperature and the safety of Li Ion batteries is continuously improving, it is improbable that the
impact will occur.
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To reduce the risk, the following mitigation measures are recommended:
• Review and revise (if required) the cooling units of the BESS, given the projected increases in daily
maximum temperatures and number of very hot days;
• Ensure that mechanisms are in place to prevent the over-charging of batteries;
• Ensure that a standard operating procedure is in place for safe handling of batteries; and
• Ensure that emergency services receive adequate training on responding to Li Ion battery fire.
The implementation of the mitigation measures will likely reduce the significance of the impact from low
to very low, with a decrease in intensity from high to medium (prevent spread of fire to adjacent
containers).
Impact: Thermal runaway in the BESS
Type of impact

Direct

Nature of impact

Negative

Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

High

Medium

Duration

Short term

Short term

Extent

Regional

Regional

Consequence

Medium

Low

Probability

Improbable

Improbable

Significance

Low

Very low

Degree of confidence in the assessment

Low

Degree to which impact can be reversed

Low

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Medium

8.1.2.5 Increase in Workers suffering from Heat Stress
Increases in mean temperature and extreme heat can increase the risk of workers suffering from heat
stress, which can adversely affect worker’s health and productivity. In extreme cases, heat stress can also
result in loss of life.
The pre-mitigation significance of this negative impact is considered to be high. The intensity is likely to be
high as heat stress can be life threatening. The risk of worker’s suffering from heat stress will remain for the
life of the Project, increasing with rising temperatures in the distant future. With the observed and
projected increase in mean temperatures and extreme heat, it is probable that the impact will occur.
To reduce the risk, the following mitigation measures are recommended:
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Implementing a worker health awareness program to educate workers (and contractors) about
the importance of drinking water and identifying the early signs of heat stroke/dehydration.

The implementation of the mitigation measures will likely reduce the significance of the impact from high
to medium, with a decrease in probability from probable to possible.
Impact: Increase in workers suffering from heat stress
Type of impact

Direct

Nature of impact

Negative

Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

High

High

Duration

Long term

Long term

Extent

Local

Local

Consequence

High

Low

Probability

Probable

Possible

Significance

High

Medium

Degree of confidence in the assessment

Medium

Degree to which impact can be reversed

Medium

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

High

8.1.3 Closure Phase
There are no significant climate-related impacts or risks associated with the closure phase.

8.2 IMPACT OF PROJECTPROJECT-RELATED
RELATED GHG EMISSIONS
The following section presents the impact of the Project’s GHG emissions.

8.2.1 Construction Phase
The impact of the Project’s GHG emissions during the construction phase has been included under the
cumulative impact assessment in Section 6.

8.2.2 Operational Phase
8.2.2.1 Reduction in Sishen Mine’s GHG Emissions
Table 11 presents a summary of the potential reduction in electricity consumption and GHG emissions with
the development of the solar PV system and BESS.
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Sishen Mine’s average daily active profile was used to determine the current electricity consumption and
GHG emissions. Currently, Sishen Mine consumes approximately 1,041 MWh/day or 379,965 MWh/yr,
which is sourced from the national grid. Using South Africa’s 2021 grid emissions factor, the GHG emissions
associated with the purchase of electricity was calculated to be 970 tCO2e/day or 354,165 tCO2e/yr.
The solar PV system has potential to meet the electricity demands of Sishen Mine during the daylight hours.
For the purposes of this assessment, it is assumed that there is an average of 10 hours of daylight from
07:00 to 17:00. It was calculated that the solar PV system could potentially reduce the amount of electricity
that the Sishen Mine sources from the national grid by 412 MWh/day or 150,380 MWh/yr. The solar PV
system would also reduce the GHG emissions associated with the purchase of electricity by 384 tCO2e/day
or 140,169 tCO2e/yr.
The BESS has potential to partially meet the electricity demands of Sishen Mine during the night-time hours
(i.e., 17:00 to 07:00). For the purposes of this assessment, it is assumed that the BESS has sufficient capacity
to meet the mine’s electricity demands for a minimum of 4 hours from 17:00 to 21:00. It was calculated
that the solar BESS could further reduce the amount of electricity that the Sishen Mine sources from the
national grid by 174 MWh/day or 63,510 MWh/yr. The BESS could also reduce the GHG emissions associated
with the purchase of electricity by 162 tCO2e/day or 59,198 tCO2e/yr.
In summary, the solar PV system and BESS could potentially reduce the GHG emissions associated with
Sishen Mine’s electricity consumption by 213,890 MWh/yr (56.3%) from 354,165 tCO2e/yr to 166,075
tCO2e/yr. Overall, the solar PV system and BESS could potentially reduce the Sishen Mine’s total GHG
emissions by 199,369 tCO2e/yr (27.3%) from 730,739 tCO2e/yr to 531,425 tCO2e/yr.
Table 11: Summary of reduction in electricity consumption and GHG emissions
Description

Daily

Annual

Electricity
consumption
(MWh)
Sishen Mine

Emissions
(tCO2e)

Electricity
consumption
(MWh)

Emissions
(tCO2e)

1,041

970

379,965

354,165

Solar PV system

-412

384

-150,380

-140,169

BESS

-174

162

-63,510

-59,198

455

424

166,075

154,799

Balance

The pre-and post-mitigation significance of this positive impact is considered to be high (see table below).
The intensity is likely to be high as the reduction in GHG emissions will be relatively significant > 100,000
tCO2e/yr). The duration of the impact will be long term (life of the Project), with a local extent. The impact
will definitely occur with the development of the proposed Project.
Impact: Reduce Sishen Mine’s GHG emissions
Type of impact

Direct

Nature of impact

Positive
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Impact: Reduce Sishen Mine’s GHG emissions
Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

High

High

Duration

Long term

Long term

Extent

Local

Local

Consequence

Medium

Medium

Probability

Definite

Definite

Significance

High

High

Degree of confidence in the assessment

High

Degree to which impact can be reversed

High

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Medium

8.2.2.2 Reduce Sishen Mine’s Carbon Unit Intensity
As mentioned previously, the proposed Project could potentially reduce the GHG emissions of Sishen Mine
by 199,367 tCO2e from 730,739 tCO2e to 531,425 tCO2e. If in 2021, the mine’s production was 28.0 million
tonnes (Mt) of iron ore, the product unit intensity was calculated to be 0.026 tCO2e/ tonne iron ore. With a
the development of the Project, the product unit intensity is expected to decrease by approximately 27%
from 0.026 tCO2e/ tonne iron ore to 0.019 tCO2e/ tonne iron ore.
The pre-and post-mitigation significance of this positive impact is considered to be medium. The intensity
is likely to be medium as the reduction in product unit intensity will be moderate (~27%). The duration of
the impact will be long term (life of the project), with a local extent. The impact will definitely occur with
the development of the proposed Project.
Impact: Reduce Sishen Mine’s carbon unit intensity
Type of impact

Direct

Nature of impact

Positive

Phases

Operational

Criteria

Without mitigation

With mitigation

Intensity

Medium

Medium

Duration

Long term

Long term

Extent

Local

Local

Consequence

Medium

Medium

Probability

Definite

Definite

Significance

Medium

Medium
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Impact: Reduce Sishen Mine’s carbon unit intensity
Degree of confidence in the assessment

High

Degree to which impact can be reversed

High

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Medium

8.2.3 Closure Phase
There are no significant Project-related GHG emission impacts or risks associated with the closure phase.

CUMULATIVE IMPACT ASSESSMENT
9.1 CONTRIBUTION TO NATIONAL GHG EMISSIONS
The GHG emissions associated with the transport of the solar PV modules, mounting structures, inverters,
and containers of lithium-ion batteries to the Sishen Mine have been included in this assessment. It is
assumed that these components will be transported by road from Johannesburg.
It is estimated that 16,350 t of solar PV modules, 23.250 t of mounting structures, and 1 500 t of inverter
stations will be transported to site. This estimate is based on the weight of the materials used in the
construction of these components (i.e., aluminium, silicon, copper, glass, iron/steel, and insulating
materials) [35] and the total installed capacity (i.e., 150 MWp) [18]. The BESS will consist of approximately
150 containers [19]. Assuming the weight of each container is approximately 56 t [36], the total weight of
the containers transported to site was calculated to be 8 400 t. Using the total weight of the components
being transported to site (i.e., 49,500 t), the distance travelled to site (approximately 600 km one-way), and
emissions factor for an average laden, heavy goods vehicle [37], the GHG emissions from the transport of
the main project components to site was calculated to be 3,192 tCO2e.
As mentioned previously, South Africa’s national GHG emissions was estimated to be 516.4 MtCO2e (excl.
FOLU) in 2017, with an average annual growth rate of 0.8% from 2000 to 2017 [28]. Assuming that this trend
continues, South Africa’s national GHG emissions was calculated to be 503.6 MtCO2e (excl. FOLU) by 2023.
It is estimated the GHG emissions associated with the transport of the main Project components will
contribute 3,192 tCO2e (<0.01%) to South Africa’s national GHG emissions in 2023. South Africa has
committed in its Nationally Determined Contribution to reduce the country’s GHG emissions target range
to 398 - 510 MtCO2e by 2025 and 350 - 420 MtCO2e by 2030 [6]. Assuming that South Africa is on track to
meet these commitments, the GHG emissions associated with the transport of main Project components
will still contribute negligibly to South Africa’s national GHG emissions in 2023 even with the
implementation of its international commitments (<0.01%).
The pre-and post- mitigation significance of this negative impact is considered to be very low (see table
below). The intensity is likely to be very low as the Project’s contribution to the national GHG emissions will
be negligeable (<0.01%). The duration of the impact will be short term (during the construction phase), with
a national extent. The impact will definitely occur with the development of the Project.
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Impact: Contribution to national GHG emissions
Type of impact

Direct

Nature of impact

Negative

Phases

Construction

Criteria

Without mitigation

With mitigation

Intensity

Very low

Very Low

Duration

Short term

Short term

Extent

National

National

Consequence

Very low

Very low

Probability

Definite

Definite

Significance

Very low

Very low

Degree of confidence in the assessment

Medium

Degree to which impact can be reversed

Low

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Low

9.2 CONTRIBUTION TO REDUCTION OF NATIONAL CARBON INTENSITY
As mentioned previously, the Project could potentially generate 363 450 MWh/year based on total installed
capacity of 150 MWp and energy production rate of 2 423 MWh/MWp/year.
In 2020, Eskom supplied 223 738 GWh [38] of electricity with an average carbon intensity 0.9321
kgCO2e/kWh [39]. This includes 201 400 GWh that Eskom generated, 13 526 GWh sourced from
independent power producers, and 8 812 GWh imported from neighbouring countries. If the ‘clean
electricity’ generated by the Project is included as part of the South African power pool, it could potentially
reduce the average carbon intensity by 0.2% to 0.9306 kgCO2e/ kWh.
The pre- and post-mitigation significance of this positive impact is considered to be very low. The intensity
is likely to be very low as the reduction in GHG emissions intensity will be negligeable (<1 %), becoming less
in the future as more renewable energy independent power producers are connected to the national grid.
The duration of the impact will be long term (life of the Project), with a national extent. With the
development of the proposed Project, the impact will definitely occur.
Impact: Reduce Sishen Mine’s GHG Emissions
Type of impact

Direct

Nature of impact

Positive

Phases

Operational

Criteria

Without mitigation
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Impact: Reduce Sishen Mine’s GHG Emissions
Intensity

Very low

Very low

Duration

Long term

Long term

Extent

National

Local

Consequence

Very low

Very low

Probability

Definite

Possible

Significance

Very low

Very low

Degree of confidence in the assessment

High

Degree to which impact can be reversed

High

Degree to which impact may cause irreplaceable loss of Low
resources
Degree to which impact can be mitigated

Medium

RECOMMENDATIONS FOR THE EMPR
Table 12 presents recommendations to be included in the environmental management programme (EMPr)
for the Project.
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Table 12: Summary of recommendations for the EMPr
Aspect

Impact

Detailed actions

Timeframes

Responsibility

1. Climate

1.1 Damage to the
access road

1.1.1 Develop and implement a stormwater management plan to divert
runoff away from the access road.

During construction
phase

Engineering

1.1.2 Repairing potholes, rutting, and corrugations immediately to avoid
water penetrating beneath the road surface.

Duration of the
operational phase

Maintenance

1.1.3 Scheduling regular maintenance, e.g., every year, to check potholes, Duration of the
rutting, and corrugations and repair them before water damage causes
operational phase
further erosion.

Maintenance

1.2 Reduced
performance of
solar PV modules

1.2.1 Review and revise (if required) the design standard of the solar PV
module, given the observed and projected increases in daily maximum
temperatures and number of very hot days.

Prior to
construction

Engineering

1.3 Reduced
performance of
BESS

1.3.1 Review and revise (if required) the cooling units of the BESS, given
the projected increases in daily maximum temperatures and number of
very hot days

Prior to
construction

Engineering

1.4 Thermal
runaway in the
BESS

1.4.1 Ensure that mechanisms are in place to prevent the over-charging
of batteries

Prior to
construction

Engineering

1.4.2 Ensure that a standard operating procedure is in place for safe
handling of batteries.

Prior to
construction

Engineering

1.4.3 Ensure that emergency services receive adequate training on
responding to Li Ion battery fire.

Duration of the
operational phase

Emergency services

1.5.1 Implementing a worker health awareness program to educate
workers (and contractors) about the importance of drinking water and
identifying the early signs of heat stroke/dehydration.

Duration of the
operational phase

Training

1.5 Increase in
workers suffering
from heat stress
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CONCLUSION
In conclusion, the projected changes in climate in the short term (2020 to 2039) and medium-term (2040
to 2059) are unlikely to have a significant impact on the Project, provided that the future increases in daily
maximum temperatures and extreme heat are taken into account in the design.
The Project will make a negligible contribution to South Africa’s national GHG emissions during the
construction phase. In the operational phase, the electricity generated by the Project will moderately
reduce Sishen’s annual GHG emissions and product unit intensity. The contribution of the Project to the
national power pool will also negligibly decrease the carbon intensity of South Africa’s power grid.
There are no additional mitigation management actions, other than those included in Section 10, to be
included in the environmental authorisation.
It is important to note that this is an initial high-level assessment, and that detailed, downscaled climate
modelling is required to more accurately determine the impact of climate change on the Project.

ASSUMPTIONS, LIMITATIONS, AND UNCERTAINTIES
In preparing this report, the following assumptions, uncertainties, and gaps in knowledge were noted:
• SLR has prepared this report in a manner that is consistent with the level of care and skill ordinarily
exercised by members of the engineering and science professions currently practising under similar
conditions in the jurisdiction in which the services are provided, subject to the time limits and
physical constraints applicable to this report;
• In developing this report, SLR has relied in good faith on information provided by the client;
• The nature of the work undertaken is stochastic with substantial inherent uncertainly around any
given data points;
• The uncertainty associated with any projections or forecasts is increased with the duration of the
projected period and is subject to future developments or intervening acts which may manifest in
the interim period;
• No other warranty expressed or implied is made.

DETAILS OF THE SPECIALIST
Michael is a climate change specialist with over 13 years consulting experience in South Africa and several
other African countries, including Mozambique, Zambia, Kenya, Democratic Republic of Congo, Ethiopia,
Ghana, Mali, and Uganda.
To date, Michael has worked on several climate change risk assessments, climate change strategies, and
GHG inventories or carbon footprints. He has experience in a wide range of sectors, including mining, oil &
gas, manufacturing, and industry. He has a strong working knowledge of local and international climaterelated legislation, regulations, conventions, and agreements.
He also has specific experience in conducting energy audits and applying resource efficient and cleaner
production (“RECP”) methodologies. In the last 13 years, Michael has undertaken several ESIAs, EIAs, and

AA_Sishen Solar_Climate_Rev7.2

43

[OFFICIAL]

Sishen Iron Ore Company
Climate Change Risk Assessment for Sishen Solar PV Project

SLR Project No: 720.01145.00004
September 2022

BAs. He also has experience in environmental auditing, solid and hazardous waste management, strategic
environmental planning, and ecosystem services.
For a sample of the relevant project experience, please see the curriculum vitae attached as Appendix A.

SPECIALIST DECLARATION
I, Michael Van Niekerk, declare that I –
• Act as the independent specialist for the undertaking of a specialist section for the proposed Sishen
Solar PV Project;
• Do not have and will not have any financial interest in the undertaking of the activity, other than
remuneration for work performed;
• Do not have, nor will have, a vested interest in the proposed activity proceeding;
• Have no, and will not engage in, conflicting interests in the undertaking of the activity; and
• Undertake to disclose, to the competent authority, any information that have or may have the
potential to influence the decision of the competent authority or the objectivity of any report, plan
or document.
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