#& ASIA-PACIFIC
N @ SOLAR RESEARCH CONFERENCE 3-5 Dec 2024, Sydney

Decarbonising Mining in Australia using off-grid Solar, Battery, and Diesel Hybrid Systems

Nicole Robinson?

1UNSW School of Photovoltaic and Renewable Energy Engineering, UNSW, Kensington, NSW,
Australia

Abstract

Most of the world is committed to net zero emissions by 2050, including high-level trajectories. The
mining industry as a major emission sector is also partway through this transition. Wind and solar
are now the cheapest forms of energy in history, and so a significant fraction of this transition is
market driven. However, to go towards a 100% renewable energy (RE) system, a purely market-
based approach may be insufficient and accounting for externalities (via a price on carbon or
otherwise) may be necessary. To account for both market drivers and externalities, this paper
explores the relationship between the Levelized Cost of Electricity (LCOE), Carbon (CO2) emissions,
and the fraction of a mine site electrical load powered by Solar and Battery (SB), for off-grid Solar
Battery Diesel (SBD) hybrid systems.

The main objective of this paper is to investigate the fraction of a site load powered by SB that would
yield the smallest LCOE and reduce CO2 emissions, therefore making mining operations more
economically and environmentally sustainable. This study finds that the optimal mix, based off one
set of industry-sourced mine site electrical load data, was when the mine was powered by 80% Solar
and Battery and 20% Diesel. This gives the lowest LCOE of $363.8/MWh and significantly reduced
CO2 emissions than if the system was otherwise powered solely by a diesel generator. This thesis
aims to provide a comprehensive and holistic way to assess the economic and environmental
feasibility of implementing SBD systems into off-grid mining operations, with the aim of encouraging
the shift to renewables.

To account for externalities, the Social Cost of Carbon (SCC) is incorporated into analysis. It is found
that the lowest present (2024) SCC-LCOE (LCOE with SCC savings included) occurs for a
renewable fraction of 80% at $360.7/MWh. Further, applying the total SCC savings from the
reduction of carbon over the system lifespan presents a lifetime LCOE that accounts for the social
impacts of such SBD systems. This can be used for internal and external policy advice, feasibility
studies and promoting the integration of solar energy into the Australian Mining industry. This
research also highlights the importance of comprehensive data and assumptions, and includes the
development of an open-source tool for customisable analysis

1. Introduction

RE is vital in preventing global warming, rising carbon emissions, and increasing energy costs due
to fossil fuel depletion. An alternative to fossil fuels, RE harnesses natural resources such as solar,
wind, and hydro power, which are continually abundant in availability. Australia is one of the leading
countries for solar, and with its rich mineral resources, relies heavily on the mining industry as means
of resources and economic prosperity [1]. Australian off-grid mining operations can benefit greatly
from the vast solar potential, by reducing the costs of diesel (including that of transportation to remote
locations) and lessen the impacts of emissions on the environment [2]. As diesel generators account
for 70% of energy sources in the Australian mining sector, transitioning to solar provides a more
sustainable solution [3]. Further, to understand the true cost of energy in off-grid systems, the SCC
can be applied. This is a quantitative measure of the economic damages caused by 1 tonne of CO2
emitted, and allows for a better understanding of the overall social and economic impacts that
implementing SBD systems will have [4]. However, there is no comprehensive study on the
relationship between load fraction powered by solar and battery, LCOE, the SCC, and CO2
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emissions for off-grid systems in Australian mining operations. This study aims to develop methods
to assess this relationship, to provide results that allow for a holistic understanding of the effects of
implementing SBD systems in Australian off-grid mine sites.

2. Methods
| began by collating data for the various stages
of analysis; mine site electrical load data, 1. Data Acquisition
LCOE inputs that pertained to off-grid systems o
or were used commonly within the Australian
solar industry, the Ecolnvent database for life 2. Develop Hybrid System Model for Incremental Analysis
cycle analysis, and BOM data for the year that a
correlated to the mine site electrical load data. e ——— .
Then, using industry methods, sizing : :
appropriate solar, battery and diesel to the £
electrical load to give systems that would yield 4. Emissions Calculations
each increment of the site powered by SB. The
LCOE calculations were formatted into an v
Excel with sections for inputs and outputs that 5. LCOE Calculations
were easy to change for preference. The Life O
Cycle Analysis (LCA) CO2 emissions were _ _
calculated using the Ecolnvent database in . Social Cost of Carbon Calculations
OpenLCA, and the results incorporated into the &
Excel along with  other applicable CO2 7. Collate Methods into SBD Excel Tool

emissions equations, to provide a final

t.CO2/MWh electricity delivered for each

increment of the site powered by SB. Lastly,  Figure 1. Methods used for off-grid SBD

the SCC was applied to the LCOE, for the analysis

current year and over the lifespan of the

system, to give a holistic overview of the economic and social implications of implementing off-grid
SBD in Australian mining operations. The values for the SCC can be found in [5], and the
accumulated savings are calculated as: the CO2 emissions saved by implementing SB each year,
multiplied by the SCC $/tCO2 (converted to AUD) for each respective year, over the system lifespan.
It should be noted that the SCC value increases every five-year period, seen in appended Table 1.
The SCC-LCOE was calculated by multiplying the emissions saved by using SB by the SCC carbon
price for each year, and subtracting this off the total cost of the system over its lifetime.

The resulting Excel tool can be used for remote mine sites in Australia. This tool can assess the
LCOE and CO2 emissions for each increment of the load powered by SB based on the annual load
and preliminary component sizing and can provide an optimal SB load fraction that yields the lowest
LCOE and reduced CO2 emissions. The input variables are formatted for easy adjustment for
preference or to reflect environmental or economic conditions. The SCC outputs further provided a
way of quantifying the social and economic impacts of implementing these systems.

3. Results

The results from this study show that 80% of the site load powered by SB yielded the smallest
lifespan LCOE and smallest 2024 SCC-LCOE (the LCOE with the 2024 value of SCC applied as
savings). After 80%, the LCOE increases as the costs of implementing enough solar and battery to
maintain the load exceed the costs of using diesel fuel in the generator. Figure 2 shows the LCOE
and 2024 SCC-LCOE for each fraction of the site load powered by SB, and the total emissions per
MWh electricity generated. The scope of the emissions calculations included the LCA of each
component needed, and during system generation, seen in Figure 4. A clear downwards trend in
total emissions as fraction of SB increases is seen in both Figure 2 and Figure 4. Figure 2 highlights
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the lifetime LCOE for each fraction increment of an off-grid SBD system, with the lifetime SCC
savings applied. Again, 80% of the load powered by SB vyields the smallest lifetime SCC-LCOE, in
which the true cost of energy can be understood as the economic savings from preventing diesel
emissions that are emitted from otherwise using a diesel generator. In assessing the viability of 100%
SB systems, it was found that the price on carbon emissions to yield the lowest LCOE at 100% SB
was $3234/tCO2. This was calculated by extrapolating the price on carbon to find when 100% SB is
the lowest.

20 Year LCOE and LCOE with 2024 SCC, versus 20 Year Total Emissions
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4. Conclusion

The findings from this research conclude that implementing SBD systems into off-grid mine sites
as diesel replacements has economic, environmental, and social advantages. From the mine
site electrical load dataset used in this research, 80% was the optimal load fraction powered by
SB for the smallest LCOE, reduced CO2 emissions (from during system generation, and the
manufacturing of the components during the LCA), and significant Social Cost of Carbon savings
over the system lifespan. With emissions decreasing with increasing SB fraction, there is a clear
environmental benefit of reducing emissions with increased photovoltaic (PV) penetration. The
smallest LCOE at 80% provides a financially attractive to diesel only off-grid systems, and in
applying the SCC savings to the LCOE, the true cost of energy in off-grid mine sites can be
understood, and SBD systems supported. Further, it was found to drive 100% Solar & Battery,
the associated price with carbon emissions must be $3234/t.CO2. This price on carbon is when
the lowest LCOE occurs at 100% SB and can be used as a reference point for further RE policy
implementation.

While one conclusion cannot be made for all off-grid mines in Australia from one data set, this
research provides a thorough way of assessing the economic, environmental, and social
feasibility of SBD systems. The overall recommendation is to invest in SBD systems for mining
operations, advocating for policy support to support RE. Further, in providing an easy method to
assess the feasibility of SBD in a selected mine site, the results will provide comprehensive
answers that can be used to advise internal and external policy support, regulations, and overall
feasibility studies.

Comparisons and sense checks were made against related literature and studies, and any
variances were attributed to differences in scopes. The methods developed in this study, whilst
based off mine site electrical loads, can be used to analyse the economic and environmental
viability of SBD systems for related industries with similar load profiles, such as off-grid
agriculture systems and for remote communities. Limitations in this study are acknowledged and
are primarily related to the economic and geographical scope of the project, as well as the use
of a singular electrical load dataset. Economic factors such as component pricing, inflation and
discount rates, and the costs of transporting components and fuel to the mine site can vary with
geographical scope. The CO2 emissions calculations were based on widely accepted Midpoint
ReCiPe LCA methods using OpenLCA and the Ecolnvent database, but the emissions from the
manufacturing of the components also relies on the geographical scope of the analysis. To
mitigate these limitations, the resulting excel tool can be used as a calculator with these factors
easily changeable with preference or scope.

Suggested further research includes further developing this excel tool to be applicable to
mentioned industries and providing it as an open-source tool, investigating component efficiency,
and assessing the sustainability of component manufacturing.
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6. Appendix
Table 1: Social Cost of Carbon Values (in 2020 USD per metric ton of CO2) [5]

Discount Rate and Statistic

Emissions 5% 3% 2.5% 3%
Year Average Average Average 95" Percentile
2020 14 51 76 152
2025 17 56 83 169
2030 19 62 89 187
2035 22 67 96 206
2040 25 73 103 225
2045 28 79 110 242

2050 32 85 116 260




