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Introduction

Australia has close to 10 GW of installed utility-scale photovoltaics, a majority of which is installed
without a battery energy storage system (BESS). With a total of 23 GWh of BESSs currently being
installed, asset owners are looking to upgrade existing fields [1]. The following abstract aims to
provide a step-by-step guide into retrofitting BESS into pre-existing solar farms by conducting a
techno-economic analysis for a base case using the System Advisor Model (SAM).

Approach

A base case with bifacial, single-axis tracking PV modules was created in SAM to display the
typical behaviour of a utility-scale solar park in the Orana region of NSW. Table 1 provides the
main technical specifications of the designed PV plant.

Table 1: Main technical specifications of the base case in NSW

Parameter Base Case
Nameplate DC capacity (MW) 100
Total AC capacity (MW) 76.3
Total inverter DC capacity (MW) 77.7
DC/AC ratio 1.31
Annual AC energy (year 1, kWh) 206,864,544
DC capacity factor (year) 23.6%

The following approach was defined by verifying the results of the base case in SAM.

Running PV-only Simulations in SAM: The first step in assessing the feasibility of adding BESS
to an existing solar park is to simulate the current PV system accurately to gain an understanding
of how BESS will affect performance and profitability of the project. This can be done by:

1. Using a PV model
2. Using a PV-battery model with the battery capacity set to 0 kWh

Defining Purpose and Dispatch Strategy: BESS can be used for different scenarios and SAM
provides the different dispatch options to support these. Manual dispatch can be used to define
certain charging and discharging periods while automated dispatch options use a heuristic
algorithm to find the optimal periods [2]. SAM’s front-of-meter automated dispatch algorithm aims
to maximize revenue by charging and discharging the battery based on time-varying power prices.
At each time step, it calculates a target battery power level and adjusts charging or discharging
accordingly - while respecting battery capacity limits, state of charge constraints, and conversion
losses [3]. However, the simulation and consideration of Frequency Control Ancillary Services
(FCAS) remains one of the known limitations in SAM and is therefore not included.
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Sizing BESS: The battery system should be sized in accordance with the defined strategy with
battery bank power being able to handle the maximum inverter capacity of the solar park. The
battery storage capacity is determined by the intended storage duration which can range anywhere
from 5 minutes to 10 hours depending on the use case. A study from the NREL emphasizes that
storage duration will likely increase with growing deployments to meet the longer-duration peaks
[4]. Figure 1 shows this trend by displaying the average duration of new storage deployments
versus total storage capacity in new scenarios.
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Figure 1: The average duration of new storage deployments [4]

Selecting Battery Technology: Choosing the right battery technology is essential for balancing
performance, cost, and longevity. SAM allows users to simulate three main types of batteries:

e Lead-Acid

e Lithium-lon (Li-lon)

e Flow Batteries

In modern utility-scale applications, Li-lon and Flow batteries are generally preferred due to their
higher efficiency, better scalability, and longer cycle life compared to Lead-Acid batteries. Among
Li-lon chemistries, Lithium Iron Phosphate (LFP) is currently the dominant choice for stationary
storage systems due to its safety, cost-effectiveness, and thermal stability [5].

Choosing Coupling Method: The method of coupling the battery to the PV system - either DC
or AC coupling - has significant implications for system design and performance. Figure 2
illustrates the technical design of DC and AC coupling in SAM.
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Figure 2: Front-of-meter battery configurations [6]
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While DC-Coupling is generally preferred for new installations because of higher system efficiency
and the ability to capture clipped inverter clipping losses, AC-Coupling is overall more suitable for
retrofitting existing systems as it offers greater flexibility and compatibility with existing grid
infrastructure. Stem - a global leader in Al software and energy services — supports this trend and
has operated more than 760 AC-coupled sites totalling 1.4 GWh of capacity, alongside 16 DC-
coupled sites totalling 157 MWh which shows the dominance of AC-coupled systems when it
comes to modularity and ease of deployment [7]. This would mean that around 90% of their total
battery capacity is AC-coupled.

However, the choice between AC and DC coupling should ultimately be based on the specific goals
of the project, existing infrastructure, cost constraints, and integration complexity.

Integrating Grid Limits: The Australian Energy Market Operator (AEMO) is responsible for
managing dispatch strategies and configuring power system services to the existing needs.
Thereby, AEMO issues set points to generators — such as solar parks — for every 5 minutes at
which they have to operate at a certain output. These set points act as the grid limits are based on
factors such as forecast demand, forecast output, prices and quantities, network flows, frequency,
voltage and equipment limits and enable AEMO’s dispatch computer to calculate an optimal
solution to a security-constrained dispatch problem [8]. A good approach for a preliminary result
can be derived from the grid limits. Linear scaling can be used by multiplying the hourly set points
with the ratio of each solar park’s inverter AC capacity. However, the final analysis needs the exact
set points which should be obtained from the Network Service Provider with further network losses
and marginal loss factors to be considered for the specific region.

Conducting economic analysis: A thorough economic analysis is essential to determine whether
retrofitting BESS into a PV system is financially viable. SAM provides calculations for key financial
metrics including:

¢ Net Present Value (NPV)

e Levelized Cost of Electricity (LCOE)

¢ Internal Rate of Return (IRR)

Additionally, market mechanisms such as Power Purchase Agreements (PPAs), Feed-in Tariffs
(FiTs), wholesale electricity prices, and other subsidies should be incorporated into the SAM
model, as they can significantly influence project economics.

Results

After numerous simulations with different configurations, the following has been proven to be the
most profitable base case option in SAM when considering the typical spot market electricity prices
in NSW for the whole year of 2024 [9]. The system sells electricity based entirely on these spot
market prices, meaning 100% of the solar output is compensated at merchant rates rather than
through a fixed PPA:

e Automated dispatch
e 77.7 MW bank power
e AC-Coupling
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Figure 3: Comparison of NPV for PV + battery and PV-only system with varying storage
duration

Figure 3 shows the results of the SAM simulation and demonstrates that the battery integration is
economically feasible for a storage duration from 1 to 4 hours with the optimal duration being
3 hours. Longer storage durations end up being less profitable than a PV-only system.

Conclusion

Integrating batteries into existing solar parks is a reasonable solution as it can improve the
economic performance of renewable energy projects by storing energy during periods of high
generation and providing it later. The discussed work provides a guide into retrofitting solar parks
by using SAM and delivers a preliminary result. Further research needs to expand on this topic by
considering marginal loss factors for each specific region and any recent trends or changes in
battery technology, laws, policies, market conditions and overall changes in system architecture
(hybrid systems, Second-Life batteries, etc.).
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