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Foreword 
 

This Case Study is a Knowledge Sharing deliverable for ARENA Agreement 2019/ARP025, 

“Advancing Renewables with PCM Thermal Energy Storage” Project, which received funding 

from ARENA as part of ARENA's Advancing Renewables Program. 

The advanced control and forecasting algorithm (ACFA) were implemented at the Pernod 

Ricard Winemakers’ (PRW) Rowland Flat site in 2020 to control the charging and discharging 

of thermal energy storage for demonstration purposes.  

This document is authored by the University of South Australia and Glaciem. 

The views expressed herein are not necessarily the views of the Australian Government, and 

the Australian Government does not accept responsibility for any information or advice 

contained herein. 
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Summary 
The Advanced Control Forecasting Algorithm (ACFA) provides an optimal control strategy for 

the operation of thermal energy storage based on forecasts of the National Energy Market 

(NEM) half hourly Recommended Retail Price (RRP) for energy, available renewable energy 

from the onsite photovoltaic (PV) installation, and thermal and electrical loads, in order to 

establish the best arbitrage for the storing and extraction of energy from a thermal store in 

an effort to minimise electricity costs. ACFA reduces the cost of electricity by: 

• using electrical energy from the grid to store as thermal energy when the cost of 
electricity is low (or negative); 

• using thermal energy from the store instead of electricity from the grid when the cost 
of that electricity is high; 

• using on-site solar energy generation to charge the store instead of exporting it to the 
grid when the export price is low; 

• managing peak demand. 

ACFA was implemented at the Pernod Ricard Winemakers (PRW) Rowland Flat site in 2020 

for demonstration purposes. Data acquired from monitoring has proven that ACFA makes 

accurate predictions of grid electrical power and site thermal load. These predictions along 

with those from AEMO for solar PV power generation and electricity spot prices used by the 

ACFA control system resulted in reduced electricity costs.  

The net energy cost savings between 8th March 2021 and 31st of December 2021 from peak 

events and arbitrage was $10,436. Further cost savings can be made by reducing the peak 

demand charges by increasing thermal storage. A detailed analysis using electricity spot prices 

and data acquired from monitoring at PRW showed that up to $48,744 of annual cost savings 

are possible. Additional cost savings can be made by extending ACFA across the whole site. 
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1 Introduction 
Pernod Ricard Winemakers (PRW) Rowland Flat facility is located in the Barossa Valley in 

South Australia and has winemaking, wine storage and packaging capability. At the site 

refrigeration is supplied via four large commercial ammonia refrigeration systems totalling 

5MWr. The plant is sized to cope with the large refrigeration process loads during the vintage 

period from January to April. Refrigeration process loads reduce by around 70% outside of 

the vintage period.  

In order to reduce high electrical costs, PRW are implementing an ambitious energy 

management strategy. This energy resource consolidation strategy includes the installation of 

large-scale renewable assets, aimed at reducing future energy bills. The company is installing 

up to 2.8 MW of Solar PV at the Barossa facility, to cover around 20% of the site’s existing 

electrical demand, with the remaining 80% (18 MW) planned to be purchased through Power 

Purchasing Arrangements (PPA) from both wind and PV generated energy.  

The installation of a solar PV system provides the opportunity for PRW to export electricity 

and benefit during the high production of electricity and low demand from their own 

processing plant. 

In 2019, a thermal energy storage (TES) system using water as a phase change material 

(PCM) was installed in one of the processing plants, which represents nearly 10% of the whole 

electricity consumption in the whole PRW site. In conjunction with the TES system, an 

advanced control forecasting algorithm (ACFA) was developed. ACFA was implemented to 

predict thermal load, electricity requirements and cost of electricity to manage the charging 

and discharging events and reduce the electricity cost. The forecasting price follows the 

Recommended Retail Price (RRP) published online by the National Energy Market (NEM). 

The purpose of the ACFA control system is to maximise the usage of TES in a way that results 

in the maximum cost savings.  

This case study calculates the total cost savings through nearly one year, between March 8th 

and December 31st. All the relevant data was recorded by a Programmable Logic Controller 

/Input-output Terminal (PLC/IoT) to determine the electrical energy required to meet a cooling 

load which is the base for the cost saving calculations. The assumptions and rational are 

explained in different sections to provide an insight into the performance of the system and 

cost savings.  

 

2 Context 
As one of the important energy users in the Australian agribusiness sector, wineries are under 

increasing pressure to reduce their carbon footprint.  For the wine industry, climate change 

represents an uncertain future with high pressure on resources, with water and energy of 

particular concern.  Some regions are having to face the reality that some of the wine varieties 

they are most famous for may not be able to be grown in the future, as it will simply be too 

hot.  In Australia the wine grape harvest or ‘Vintage’, typically begins in hotter areas like the 

Riverland of South Australia in January and ends in cooler regions such as Tasmania in May.  

Now, the industry is experiencing earlier, shorter vintages as the grapevines respond to 

warmer temperatures. To steer their way out of a compounding problem, wineries are 

searching for ways to 100% electrify and meet this electricity demand through renewable 
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energy.  Indeed, a winery is electricity hungry, with wine requiring significant cooling and 

refrigeration, typically accounting for 40-60% of a facilities’ electricity bill.  

Installing large amounts of solar PV to drive heating, ventilation, air conditioning and 

refrigeration (HVAC-R) processes, however, is not an optimal solution. Foremost, HVAC-R 

processes often require 24/7 operation with solar providing only intermittent power during 

daylight hours.  Further, as electricity networks approach limits on PV hosting capacity, new 

installations are having their size restricted or export prevented in many areas. These 

restrictions, combined with an increasing shift towards the separation of network demand 

charges (kVA) and electricity consumption charges (kWh) for medium and large energy users 

(which most HVAC-R users are), has reduced the economic effectiveness of solar systems to 

offset HVAC-R costs. Therefore, they need to add complementary facilities such as TES and 

smart management systems to make the most of their investment on PV installation.  

Typically, a winery will use upwards of 50% of their annual energy budget in the three to 

four months of vintage.  Winemakers strive to protect grape quality attributes using 

temperature control at every step of the winemaking process. The whole wine making 

procedures of different types of wine is presented in Figure 1. In the winery, temperature 

management is paramount as soon as the truck enters the gates. 

 

 
     Figure 1:Typical winery processes. 
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3 PRW energy charges 
The peak refrigeration load is about 5 MWr during the vintage period from January to April. 

For the rest of the year, the refrigeration load is about 30% of the peak load.  

3.1 Electricity demand  

The peak electricity demand is about 21 MW. There are 12 power meters recording the energy 

usage around the PRW site. The power meters, namely MSB (A) to MSB (I), are distributed 

throughout the site and close to each processing plant as shown in Appendix 1.  

3.2 Solar PV installations 

PRW has installed 2.3 MW PV which is less than 20% of the total electricity demand. The PV 

installations and the generated power for different plants and their power meter are different 

as shown in Appendix 2. The MSB-F power meter has a small proportion of the total solar PV 

installed on site, with little to no power being exported from this board.  

3.3 Electricity charges from the grid 

Originally in this project, the site electricity agreement was a Low Voltage Maximum Demand 

(LVMD) Monthly Demand charge agreement. The split of energy and network charges were 

different to the current agreement. Changes in tariff structure can have a significant impact 

on optimal control strategies and on cost savings. 

A breakdown of the electricity charges (as a percentage) for years 2019 to 2021 are 
summarised in Fig. 2. Under the 2019 tariff structure, the energy charges derived from the 
NEM price played a much more significant role in the total cost of electricity. Since 2020, the 
network charges have become more dominant with a similar cost breakdown for 2020 and 
2021.  

 
 

                  

Figure 2: Electricity cost breakdown. 
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3.3.1 Current Agreement 

As of the 1st of July 2020, PRW was on a Large Business Annual Demand Tariff. As such, the 

electrical power purchasing agreement is complex and electricity costs are calculated using 

several different agreements and tariff structures. The cost of electricity is based on the 

energy import and export costs, network charges including demand charges, market charges 

and additional charges. The weight of different charges are important signals for system 

management and/or cost saving purposes. Figure 2 highlights the impact of tariffs on 

electricity costs for PRW in the years 2019, 2020 and 2021. 

3.3.2 Energy Charges 

The sum of the import electrical energy and the sum of the export electrical energy for any 

interval determines the electrical usage for each interval. The cost of the electricity charges 

for energy imports and exports at the site is based on the NEM RRP of electricity. A loss 

factor is applied to this calculation. 

3.3.3 Network, market and other charges 

The combined network, market and other charges has been the dominant cost compared with 

the actual cost of electricity usage from the grid as can be seen in Fig.2. The new demand 

tariffs include the peak annual demand which is defined as the highest average daily usage 

over a period of 4 hours, and the anytime demand component is determined by the highest 

half-hour kVA interval over the preceding 12 months (Appendix 3), unless a higher number 

has been agreed.  

4. Thermal energy storage and ACFA control system 
4.1 Thermal energy storage system 

An analysis of the site’s metered electrical data and processes showed that one of the refrig-
eration plants, namely Fridge 9, would benefit significantly from the integration of thermal 
energy storage (TES). The Fridge 9 plant operates year-round, providing process cooling for 
packing areas, barrel storage and air conditioning for the auditorium. The configuration of 
this plant is outlined in Fig. 3.  
 
Glaciem engineered a solution for integrating a TES with the original Fridge 9 plant. This 
utilised the existing ammonia refrigeration plant to freeze the PCM. The following was required 
for its implementation:  

• Thermcold DYN 900 thermal energy storage unit which provides 2.6 MWh of thermal 
storage using the existing Fridge 9 ammonia plant;  

• PCM 0 (that is, water) as the PCM and Dynalene HC as the Heat Transfer Fluid (HTF);  
• ACFA combined with the site’s supervisory control and data acquisition (SCADA) 

system to optimise cost savings for process cooling; 
• ammonia/Dynalene Plate Heat Exchanger (PHE).  

The TES operates with an existing ammonia refrigeration plant (Fig. 4) to optimise process 

cooling techniques in a primary production context. The Thermcold DYN 900 TES unit provides 

2.6 MWh (650 kWh of electrical battery equivalent) of energy storage. Glaciem selected PCM 

0 (0˚C PCM) as the optimum PCM for this application and Dynalene HC30 as the HTF.  

 



9 | P a g e  
 

 

                 Figure 3: Flow Diagram of original Fridge 9 refrigeration system. 

 

 

Figure 4: Flow Diagram of Fridge 9 refrigeration system with integrated Glaciem system. 
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The system has been integrated with the site’s Supervisory Control and Data Acquisition 

(SCADA) system and Glaciem’s cloud-based Advanced Control and Forecasting Algorithm 

(ACFA). This combination allows the system to dynamically control the usage of the storage 

and optimise operation in line with the spot price for energy and the sites renewable energy.  

4.2 ACFA 

At PRW, ACFA provides an optimal control strategy for the operation of TES. This control is 

based on three-day forecasts of half hourly RRP for energy provided by the NEM, available 

renewable energy from the onsite solar PV, and thermal loads. Upon that base, ACFA 

establishes the best arbitrage for storing and extracting thermal energy from the store in order 

to minimise electricity costs.  

The ACFA element provides a dynamic schedule that is nominally updated every 30 minutes 

in line with the AEMO clearing of energy prices. The algorithm operation (Fig. 5) is distributed 

such that data feed aggregation for system state, NEM price, PV forecasting, and control 

schedule generation is done off-site on a dedicated server. This server then provides a 

schedule to an onsite Siemens IoT2040 device enacting the local control and monitoring of 

the dynamic schedule and providing state information such as the system energy use and TES 

state of charge back to the server on a regular basis. 

 

Figure 5: Flow chart of advanced control forecasting algorithm (ACFA). 

The schedule produced by ACFA is generated on a cloud-based server. For the PRW site, a 

three-day forecast schedule is used, and it is updated and downloaded to the onsite system 

every half an hour. This allows a level of inbuilt resilience allowing for the onsite system to 

operate for up to three days, with an albeit out of date schedule.  

For PRW, the cooling plant controlled by the system accounts for less than 10% of the total 

site energy use. For the purpose of optimising, it was assumed that the Main Sub-Board F 

(MSB F) is the entire site which includes the Fridge 9 chiller unit and other loads. Furthermore, 

it was assumed that up to 600 kW of the PV installation is associated with this board. 
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ACFA relies on the prediction of several parameters in order to create a schedule which results 

in the optimum operation of a system. For PRW’s Rowland Flat site, ACFA predicts grid 

electrical load required by the MSB_F switchboard and the thermal load required by Fridge 9. 

These predictions along with the AEMO predictions of PV power generation and NEM import 

prices (RRP) are used to control the operation of the TES in order to minimise electricity costs.  

ACFA determines half hourly schedule of modes for up to three days into the future. Each half 

hour the system can be in one of three control modes: 

• Charge mode: charging (storing energy) at full capacity, while meeting the existing 

load, to capitalise on low energy prices;  

• Discharge mode: exclusively discharging energy from the store at full capacity to 

avoid paying high grid prices for energy and to maximise the export of any 

renewable energy for potential revenue; 

• Intermediate mode: where the system tries to minimise the grid interaction (import 

or export) by running at a forecasted power level, to either absorb as much on site 

renewable energy or to avoid charging during a peak power demand by the main 

switchboard MSB-F, where the system is connected to the grid. 

The system reduces the cost of electricity by: 

• using electrical energy from the grid to store as thermal energy when the cost of 
electricity is low (or negative); 

• using thermal energy from the store instead of electricity from the grid when the cost 
of that electricity is high; 

• using on-site solar energy generation to charge the store instead of exporting it to the 
grid; 

• managing peak demand. 

4.2.1 ACFA verification 

Figures 6 to 9 show predictions generated by AEMO and ACFA as compared to actual data of 
solar PV generation, import price, grid power and thermal loads, for three days from 11 March 
2021. 

         
Figure 6: Forecast and actual solar PV generation (kW). 
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Figure 6 shows that solar PV generation which is predicted by AEMO is in good agreement 
with the actual solar power generated onsite. On 12th March a peak generation of 285 kW was 
predicted, and the actual peak was 257 kW. The solar PV generation for the 13th and 14th 
March was also predicted reasonably well using the forecast data at 12:00 am on 12th March 
2020. 

 

Figure 7: Forecast and actual import price (c/kWh). 

Figure 7 shows predictions of electricity import price made by AEMO for up to three days 
before as well as half hourly updated predictions, compared to actual data. The three-day 
forecast predicted the first peak very well ($15.75 actual versus $14.39 predicted) but not the 
second. However, the forecast based on half hourly updated schedule predicts the second 
peak which was used in ACFA control system.   

 

Figure 8: Forecast and actual grid power (kW). 
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Figure 8 shows the grid power that is predicted by ACFA tracks very closely with the actual 
grid power into main switchboard MSB-F, where the system is connected.  

Figure 9 below compares the prediction of thermal load by ACFA with the actual thermal load. 
It can be seen that the prediction tracks the real data reasonably well.  

 

Figure 9: Forecast and actual thermal load (kWr). 

The above comparisons show that the ACFA control system provides fairly accurate forecasts 

of electricity input from the grid to MSB-F and the thermal load.  

Figure 7 shows that AEMO predicted a high price event with NEM prices as high as $15.00 per 
kWh for a period of up to 4 hours between 6:30 pm and 10:30 pm. Through the ACFA control, 
the system worked to charge the store in time for this event in the two days prior. There was 
a nearly full store at the time of the event, resulting in $2,300 of savings in energy costs over 
the resulting 6 hours of high prices. The high prices were maintained into the early morning 
of 13th March, as a fire at Torrens Island power station caused supply to be restricted for 
longer than initially predicted and this contributed to the store being used to capture more 
savings.  

The analysis above provides a better assessment of the performance of the ACFA system than 

comparing current and historical electricity costs, because thermal loads and electricity prices 

can and usually do vary from year to year. The thermal loads and electricity prices during the 

current month can be significantly different to those from a year ago. In the next section, data 
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monitor the performance of the system, only the energy associated with Fridge 9 is used in 

the calculation of energy usage. 

Electrical costs are calculated at each interval using the electricity usages of MSB-F and 

taking into account energy cost charges, network charges and other charges as explained in 

section 3.3. The impact of the Glaciem system on the performance of Fridge 9 and resulting 

electricity cost savings are discussed in this section. 

5.1 Electricity cost savings calculation  

The base of energy cost savings has been calculated as follows. Whenever the store is 

charging the cost of electricity to generate the additional cooling is added to the total electricity 

cost to be paid, and whenever the store is discharging the cost of electricity that would apply 

to generate the cooling (assuming no thermal energy storage) is subtracted from the total 

electricity cost.  

Direct calculation of the cost savings due to the original system without the Glaciem system 

is not possible as there is no simultaneous system running for comparison. Therefore, the cost 

savings have been assessed using two methods.  

5.1.1 Simple analysis using constant COP and refrigeration load 

As a first simple approach, only the heat transfer (kWr) during charging and discharging of 

the store with an average Coefficient of Performance (COP) (see Equation 1) of 4.2 was 

considered to calculate the electrical energy (kWh) delivered to the processing plant (Equation 

2). The stored energy delivered multiplied to the corresponding price of import electricity 

(NEM RRP) shows the cost savings (Equation 3) due to the Glaciem system.  

𝐶𝑂𝑃 =
ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 [𝑘𝑊𝑟]

𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 [𝑘𝑊𝑒]
                                                                                       (1) 

𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 =
ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 [𝑘𝑊𝑟]

𝐶𝑂𝑃
 × ℎ𝑜𝑢𝑟𝑠 [𝑘𝑊ℎ]                                  (2)          

𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 [𝑘𝑊ℎ] × 𝑖𝑚𝑝𝑜𝑟𝑡 𝑝𝑟𝑖𝑐𝑒 [
$

𝑘𝑊ℎ
]                                (3) 

                   

Figure 10: Cost savings of the Glaciem system using simple cost analysis. 

Figure 10 shows that the Glaciem system results in total energy cost savings of $9,426 

during almost 10 months between 8th March to 31st December 2021. 
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5.1.2 Detailed analysis using variable COP and total electrical load 

This method enables the cost of electricity consumption to be determined for the following 

scenarios: 

• base system without solar PV, TES and ACFA; 
• base system with solar PV, TES and ACFA. 

5.1.2.1 The cost of electricity for the original system (without PV, TES and ACFA)  

The COP was calculated through monitoring and the cooling energy supplied to the chilled 

water (CW) loop as recorded by the PLC/IoT to determine the electrical energy required to 

meet the Fridge 9 cooling load. Costs include:  

• Energy cost = (interval energy cost) X (electrical energy required to meet the Fridge 

9 cooling load (based on monitored COP) + rest of MSB-F Board usage) X (Transmis-

sion Loss Factor (from NMI)) 

• Daily electrical charges (8.5% of the site daily charges, adjusted and apportioned to 

each interval). 

• Time of use charges X import energy, for each interval 

• Additional charges (8.5% of the site daily charges, adjusted and apportioned to each 

interval). 

Charges were calculated in line with the September 2020 electricity bill. Where charges are 

based on whole of site charges, it was assumed that MSB-F is responsible for 10% of the 

electricity used on site and so was therefore charged for 10% of the site’s shared charges. 

The rest of MSB-F board usage was estimated by analysing the actual MSB-F board NMI 

data. This included the total recorded power usage for Fridge 9 as well as the Scaled PV 

power input. 

5.1.2.2 Cost savings calculation with PV, TES and ACFA 

The methodology for this calculation is the same as for the base system, except for the 

following modification: 

Energy cost = (interval electrical load (based on calculated/monitored COP and cooling load 

data for Fridge 9) + rest of MSB-F Board usage - Scaled solar) X (interval energy cost) X 

(Transmission Loss Factor for the applicable meter) 

where scaled solar =0.16709 X Site Solar value. 

Demand charges are based on billed demand charges as peak demand charge is calculated 

between 5pm and 9pm where solar energy is unlikely to be a key factor in reducing peak 

demand. The time at which the anytime actual demand is reached for the site was used to 

determine if the solar installation had any effect on reducing this component of the bill.  

Figures 11 and 12 show the raw results using the second analysis. Figure 11 shows the 

cumulative cost savings as a result of using TES and ACFA is about $11,940 during the 10 

months between 8th March to 31st December 2021. Figure 12 shows the combined total cost 

savings as a result of using TES, ACFA and solar PV. The cost savings due to solar PV is about 

$30,000 while the combined savings is about $42,000 compared with the original system 

without PV, TES and ACFA. Comparing the impact of the two systems on the total cost savings, 

the PV contribution was about 70% while the integration of TES and ACFA added another 

30% to the total savings. 
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Figure 11: Cost savings of the Glaciem system (simple analysis with constant COP). 

 

             

Figure12: Cost savings due to PV and TES+ACFA installed to original (Base) system 

(detailed analysis with variable COP). 

Figure 13 presents more detailed daily cost of electricity. It shows that the maximum electricity 

cost occurred during peak events when import prices were high (NEM RRP> $0.5/kWh) which 

is also consistent with the highest cost saving (Fig. 14) as a result of energy discharging from 

the TES which reduced importing electricity from the grid. The highest price occurred on 12th 

March 2021 while lower peak prices occurred in May, November and December 2021.  

Figure 14 demonstrates a comparison of the monthly total cost of electricity of the base system 

(black), with PV (orange) and with the Glaciem system (blue). Figure 14 clearly shows what 

would have been the total cost paid without PV and the Glaciem system (black), and the cost 

of electricity with PV (orange) compared with the actual cost that has been paid (blue) as a 

result of including the Glaciem system.  
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Figure13: Daily electricity costs of the base system, with solar and TES.  

 

 

               

Figure14: Monthly electricity costs of the base system, with solar and TES.  

 

5.2 Impact of different factors 

Figure 2 clearly shows that of the four types of electricity charges, the energy and network 

charges are the highest being 24% and 63% of the total electricity cost, respectively, for the 
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year 2021. Among the network charges, the sum of peak demand charges and any time actual 

demand constitutes nearly 50% of the charges. Therefore, in the following section the impact 

of energy charges and peak demand charges on cost savings are investigated. 

5.2.1 Energy cost savings 

The total cost savings from TES over PV was $11,940, however, $1,527 of this which occurred 
during negative import prices was not realised. This is mainly due to limited storage capacity 
in the TES not allowing to absorb and store electricity from the grid and take full advantage 
of the negative import prices. As a result, the actual net cost savings from the installed TES 
was reduced to $10,436. 
  
Figure 15 below summarises where the energy savings were made from 8th March to 31st 
December 2021. The chart shows that during this period, more than half of the savings 
(50.6%) were made as a result of peak events when electricity prices were more than 
$0.50/kWh. Considerable savings were also made with lower electricity prices, with arbitrage 
savings (when electricity prices are below $0.50/kWh) being just under half (49.4%). The 
MSB-F switchboard power meter has a small proportion of the total solar PV installed on site, 
with little to no power being exported from this board. More solar PV installed to the MSB-F 
switchboard power meter should result in greater cost savings through greater utilisation of 
onsite renewables. However, any extra solar PV may affect the cost incurred during times of 
negative export prices if the energy cannot be absorbed by the onsite facilities. The net energy 
cost savings made from 8th March to 31st December 2021 from the peak events and arbitrage 
was $10,436. 
 

 

Figure 15: Summary of cost savings (8/3/2021 to 31/12/2021). 

There is a significant factor that would have resulted in ACFA generating less energy cost 
savings in 2020. The year 2020 had a particularly low number of prices exceeding 50c/kWh, 
perhaps because of COVID-19. This can be seen in Table 1 which summarises the number of 
peak price events (assumed to occur when the spot price exceeds $0.50/kWh) for each year 
since 2017. The number of peak price events for other years including 2021 are higher than 
2020. 
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Table 1: Number of peak price events for each year since 2017 

Year 2017 2018 2019 2020 2021 

Peak Events (>$0.50/kWh) 40 56 36 15 41 

 

5.2.2 Demand charge savings 

The above results and discussions proved that the Glaciem system has been reducing the 

demand of electricity from the grid when the import cost of electricity (NEM RRP) were high 

(Figs. 13 and 14).  

The highest demand of electricity determines the peak demand charges over 12 months. 

Therefore, reducing the peak demand has a significant impact on cost savings. As an example, 

the electricity bill for the September 2020 shows that the cost of annual peak demand and 

any time actual demand constitute 28.5% of the total cost of electricity. For the year 2021, 

the total peak demand constitutes 28.9% of the total cost of energy. 

Figure 16 shows the average peak demand (from the total combined 12 power meters at 

PRW) over four hours intervals between August 2021 and March 2022. This data was obtained 

from monitoring the system which includes the period of January to March 2022 (“vintage 

period”) when high electricity demand is expected.  

 

Figure 16: Average peak demand over four hours intervals (Aug 2021 to Mar 2022). 

 

The precise demand charge savings can be calculated only if the energy profile data is avail-
able for the entire site for the demand period over a year. This is not available for 2021, 
however an estimation of the cost saving due to peak demand reduction can be made. Figure 
16 shows the highest peak demand of 2200 kW occurred on 28/2/2022 at 7 pm, which results 
in 2444.4 kVA (power factor equal to 0.9 according to the customer compliance requirement 
in power procurement agreement). Considering the $ 0.25 / kVA for the peak demand of 
2444.4 kVA results in $18,333.30 cost of the peak demand charges over a month. The Glaciem 
system is integrated in just 10% of the total power demand and has the capacity of 200 kW 
demand reduction through discharging the storage. This results in (200kW/0.9 kVA x 0.25 
$/kVA x 30 days) = $ 1,667 demand charge savings over a month and $20,000 per annum.   
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However, a detailed analysis of the recorded data from November to December 2021 shows 
that sometimes at the peak demand around 1600 kW, the ACFA control system stops charging 
the TES, however, PCM is not discharging to stop the import electricity from the grid. This is 
captured in Fig. 17 where the blue graph represents the status mode of TES (1 for charging, 
2 for discharging and 3 for intermediate mode). For example, on 1st November with peak 
demand from the whole site being 1600 kW, the PCM status mode is 3.  

As discussed in Section 4.2, due to the limited data of the peak demand profile for the whole 
site, it was assumed that MSB-F is the total electricity used for the purposes of setting up 
ACFA. Therefore, ACFA set the status of TES on the intermediate mode during the predicted 
peak demand of MSB-F switchboard. This meant a minimised interaction with the grid (no 
import or export) and so ACFA managed the system based on the internal resources, PV and 
TES. This control strategy may not be optimal as the peak demand from the whole site is the 
base for the calculation of peak demand charges. 

              

Figure 17: Average peak demand over four hours intervals for the whole site and MSB-F 

Switchboard plus the status mode of TES (Nov to Dec 2021). 

 

Therefore, more data available for peak demand from the whole site (Fig. 16) and more de-
tailed analysis of the Glaciem system performance (Fig. 17) will provide a valuable insight for 
the optimisation of the ACFA system. However, sufficient capacity of TES is key to be able to 
follow ACFA control signals to charge when the import prices are low or negative and discharge 
during the peak demands from the grid. 

6 Opportunities 
There are several options to increase the energy cost savings with ACFA. They include the 
following: 

1. The TES system connected to MSB-F is undersized in terms of charge/discharge power 
capacity and storage duration by up to a factor of two. Ideally the refrigeration capacity 
and size of the TES should be doubled. 

2. The MSB-F switchboard power meter has a small proportion of the total solar PV installed 
on site, and essentially no power is exported from this meter. More solar PV installed to 
the MSB-F switchboard power meter may result in greater energy savings.  
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3. PRW has an opportunity to lower their demand charge with the installation of thermal 
energy storage and ACFA. Given that the installed Glaciem system (TES + ACFA) lowers 
demand by up to 200 kW, this translates to a saving of $20,000 annually. 

An analysis has been conducted to determine the potential annual energy savings using the 
spot electricity prices during March to December 2021, data acquired from monitoring the TES 
and refrigeration system at the PRW site, and the current tariffs. The results are summarised 
in Fig.18 below. Peak events (over $0.5/kWh) generate savings of $6331.10 whilst arbitrage 
savings contribute $6,163.70. The demand charge reduction can be significant ($20,000) if 
fully achieved by the control system. The percentage of each cost savings shows that system 
control based on the NEM RRP prices provides a 26% cost savings while doubling the size of 
TES results in another 33% cost savings. However, a significant cost saving can be achieved 
by reducing the peak demand, 41%.  

 

 

Figure 18: Potential annual energy savings (Total $48,744). 

 

7 Summary 
It has been demonstrated that ACFA makes accurate predictions of thermal load and the 

required power from the grid. Using the predictions of solar PV power generation and 

electricity spot prices by AEMO, ACFA can be used to control a thermal energy storage status 

in order to reduce the demand from the grid and cost of electricity. On days that might 

increase the peak demand of the site, the ACFA strategy can be modified to minimise the 

contribution to demand rather than minimise the cost of energy. Furthermore, if the ACFA 

system uses data of peak demand for the whole site as opposed to one of the power boards, 

then lower peak power demand charges can be expected.   

Currently ACFA is serving only approximately 10% of the site’s refrigeration load. Further 

energy cost savings can be made by expanding the use of ACFA to other refrigeration plants 

on site. 

For this project, the ACFA system has been used to control thermal storage by scheduling the 

freezing and melting of ice. A similar approach could be used to control electrical energy 

storage, or to schedule any type of flexible load. 



22 | P a g e  
 

References 
 

AEMO, Data (NEM), Viewed April 2022, <https://aemo.com.au/en/energy-

systems/electricity/national-electricity-market-nem/data-nem>. 

Glaciem Cooling Technologies Pty Ltd, 2022, ‘Thermal energy Storage for Renewable Energy 

Uptake in Wineries: White Paper’, ARENA. 

 

 

 

  



23 | P a g e  
 

Appendix 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 | P a g e  
 

 

Appendix 2 

 

 

 



25 | P a g e  
 

 

 

Appendix 3 

Non-CBD Large Business Annual Demand Tariff  

Fixed  $/customer/day  Fixed supply charge 
per annum  

Usage – Peak  $/kWh  7:00am to 9:00pm 
workdays  

Usage – Off peak  $/kWh  At all other times out-

side the peak window  

Peak Demand  $/kVa/pa  Highest 4-hour daily 
average for last 12 

months Rest of SA 
5:00pm to 9:00pm all 

days  

Anytime Demand  $/kVa/pa  Highest half hour inter-
val for last 12 months 

Anytime Demand pe-
riod July–June  

 

Large Business Demand Network Tariffs (Network Charges) – SA Power Networks 


