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SUMMARY 
This study shows the process of the financial investigation done in 2015 of whether a 2 – 4 
MW battery storage scheme can defer the upgrade of an overloaded 10 MVA transformer by 
absorbing the peak loads and shifting energy to off peak times. The main cost saving in 
using the batteries is that they would be charged in off peak times at off peak tariffs, thereby 
reducing the usual cost of the 2 – 4 MW that is supplied during peak times. The main 
financial analysis tools that were used were the internal rate of return and least life cycle cost 
analysis methods. It was found that because of the low load at risk, few peaks and high 
acquisition cost of batteries in 2015, the least life cycle cost would be to undertake no 
project. Furthermore, due to the high acquisition cost of the batteries, the net present value 
of deferring the transformer upgrade was lower than that of upgrading the transformer 
immediately. 
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1. INTRODUCTION 
Identifying the most economical feasible time to upgrade a transformer’s capacity is an ever 
evolving challenge. Many factors can influence the decision making process, but in this 
case, the key factors of interest were: a load in excess of 120% of the rated transformer 
capacity, the load growth slowing or even decreasing and the possibility of using storage 
technologies. 

This research project aimed to show if installing a battery storage scheme as a peak shaving 
strategy could financially justify deferring the upgrade of a 10 MVA rated transformer and 
was conducted in 2015. It is important to note that this area is fed by only one point of 
supply, with only the one transformer. The aim of this project was not to identify if the point of 
supply should be upgraded to a firm N-1 contingency supply and this investigation was 
excluded. 



The study area was one where no large (greater than 1 MVA) developments were planned 
for the next 25 years and where load growth was at an average of 0,5% per year. 

For this project, the financial analysis methods that were used were the internal rate of return 
(IRR) and least life cycle costing analysis (LCCA) methods, with emphasis on LCCA. The 
least life cycle cost method is the preferred way of investigating financial feasibility, as it 
provides a more detailed overview of the entire project. In the financial analysis, no provision 
was made for the possible reduction of battery costs in the future. 

2. APPROACH 
Four scenarios were defined and investigated: Firstly, the financial impact of no work and no 
upgrade project, secondly, installing batteries in 2 years’ time, thirdly, installing a new power 
transformer in 2 years’ time and lastly, installing a new power transformer after the lifetime of 
the batteries, which is 15 years. As informed by the Grid Code, the project investigation 
period was 25 years [1]. All installation work was planned to start in 2017 and finish in 2018, 
to allow for a delivery period of 18 months and an installation period of 2 months. 

As the City of Cape Town (CCT) had an active term tender for the procurement of power 
transformers, it was decided to conduct the study with a 20 MVA transformer as 
replacement. This was the smallest capacity transformer available in the tender and could 
provide for future network upgrades. Future network changes and upgrades were not 
considered as part of this project, however. For the financial justification methods, the load 
growth, load at risk, acquisition, energy shifting savings (if applicable) and maintenance 
costs were the primary input parameters. Losses and disposal costs were not taken into 
consideration and the load supplied was the same for each scenario. The main variables in 
each scenario were the load at risk, energy shifting savings and the acquisition cost. 

3. LOAD INVESTIGATION 
Load data for the past five years were extracted for the area in question, in order to 
determine a relatively accurate load growth percentage. The average load growth for this 
area was determined to be 0,5%. Next, any proposed developments within the 25 year 
horizon were identified which could impact on the point of supply’s capacity. At the time of 
conducting the project, no such developments were identified. 

 

Figure 1: Load graph for study area 

 



From the load data, the peak load was identified, as well as the load duration curve. In 
Figure 1, it is shown that in these peak loads are relatively spread out and the transformer 
isn’t overloaded for long periods of time consecutively. As per ANSI Appendix C57.92-1962 
[2], an oil-cooled, forced air transformer may be overloaded to 120% for 2 hours, and 130% 
for 1 hour. This range would satisfy the current loading requirements.  

Furthermore, as shown in Figure 2, the rated capacity was only exceeded for approximately 
60 cumulative hours in 2015. Conversely, for 8 700 hours, the transformer was still operating 
at the rated capacity or less. It is projected that by 2040, the rated capacity would only be 
exceeded for approximately 290 hours. These figures alone started to support the fact that a 
transformer upgrade could be an excessive solution, especially when considering the low 
load growth potential of the study area.  

 

Figure 2: Load duration curve for study area 

If no project is undertaken, the load is calculated to grow as shown in Figure 3, with the peak 
in 2040 being approximately 16,5 MVA and the average load at risk being approximately 160 
kVA. 

 

Figure 3: Average load at risk and peak load 



4. BATTERY SELECTION AND IMPLEMENTATION STRATEGY 
In order to optimise the battery investment, it was decided to investigate installing batteries 
in three phases: the first in 2017, the second in 2025 and the last in 2032. The second 
phase would commence in 2025, because this is when the projected load would start 
exceeding 12 MVA again. The final phase in 2032 would consist of replacing the batteries 
that were installed in 2017 that would have reached the end of their lifetime. By staggering 
the investment, it was hoped to achieve the maximum cost-to-benefit ratio. 

The objective was for the batteries to reduce the peak and obtain the benefit of energy 
shifting, so sizing the batteries was relatively straightforward: each phase would need to be 
able to keep the load on the transformer at less than 120%. Accordingly, a 2 MVA 
installation would be required for each phase, as this would ensure that the peak load is kept 
below 12 MVA (refer to Figure 4), whilst reducing the average load at risk to almost zero for 
each phase, as seen in Figure 5.  

 

Figure 5: Average kVA load at risk with battery phasing 

 

The last requirement was that the depth of discharge of the batteries needed to range from 
0 – 100%, without negatively impacting on the lifetime of the batteries. 

Next, batteries that would meet the specifications were sought. The best option for the site 
were units that were built in containers, with a rated output of 250 kW with a storage capacity 
of 4 hours for 1 MWh. After obtaining information from suppliers, the most suitable 
technology for this study was found to be a flow type battery. This technology was modular, 
more space efficient and offered the capacity and depth of discharge that was needed. Table 
1 shows some key specifications of the batteries selected. 

Table 1: Battery specifications 

Parameter Rating 
Power rating output (nominal) 250 kW 
Cycles 100 000 
Storage duration Up to 8 hours at nominal power 
Capacity range (DOD) 0 to 100% 
 

At the time of the study, one 2 MW/2 MWh installation would cost approximately 
R 19 200 000 ex-works. The batteries would be used every day during peak times and not 

Figure 4: Peak load (MVA) with battery phasing 



just when the rated capacity of the transformer was exceeded, in order to obtain maximum 
benefit.  

5. FINANCIAL ANALYSIS  
For all scenarios, the revenue generated by each scenario was determined by calculating 
the average load supplied for each of the 25 years and multiplying it with the average profit 
from energy sales. It was assumed that every scenario would allow for the full demand to be 
supplied. The expenses were calculated by using appropriate maintenance, insurance and 
acquisition costs. In the case of the batteries, they would be charged during off-peak times, 
for 4 hours each day and deliver 2 MW at peak times. When the second phase of the battery 
installation is completed in 2026, this energy saving would be 4 MW. The energy cost saving 
between the peak and off peak times were also included in the revenue calculation for the 
batteries.  

The acquisition cost for the investment scenarios, excluding the no project option was 
calculated as follows: 

Option 1: Installing batteries from 2017 
2017 – Install 4 x 250 kW battery units, resulting in 2 MW saving in peak tariff. 
2025 – Install 4 x 250 kW battery units, resulting in 4 MW saving in peak tariff. 
2032 – Replace 4 x 250 kW battery units, keeping the 4 MW saving in peak tariff. 
 
Option 2: Installing a new transformer from 2017 
2017 – Install 1 x 20 MVA transformer, reducing the load at risk to zero. 
 
Option 3: Installing batteries from 2017 and a new transformer in 2032. 
2017 – Install 4 x 250 kW battery units, resulting in 2 MW saving in peak tariff. 
2025 – Install 4 x 250 kW battery units, resulting in 4 MW saving in peak tariff. 
2032 – Install 1 x 20 MVA transformer, reducing the load at risk to zero and have 2 MW 
 saving in peak tariff for 8 more years. 
 
The benefit of energy shifting was also taken into account. In Option 1 and Option 3, the 
energy of the installed battery capacity would be purchased at off peak times and then 
discharged during peak times, as shown in Figure 6. By doing this, the CCT would save the 
difference in peak- and off peak tariffs for the amount of energy supplied. The cost of 
charging the batteries was subtracted from the saving, to reflect a more accurate nett saving. 
 



 
Figure 6: Energy shifting  from peak to off peak times 

  
In terms of the cost saving by making use of energy shifting, for option 1 approximately 
R 25 million is saved over 25 years and for option 3 approximately R 19 million is saved over 
the same period. No provision was made for possible increases in the gap between the off 
peak and peak tariffs, as this would be a purely speculative estimate. 

 

5.1 IRR  
The IRR method reflects the interest rate at which the net present value (NPV) of all the 
cash flows (both positive and negative) from a project or investment equal zero. IRR is used 
to evaluate the attractiveness of a project or investment, as it reflects the anticipated gains 
as a percentage of the initial investment Typically, if the IRR is above the cost of capital, the 
project would make financial sense. 

In this study, the IRR for all the options that included a capital investment could not produce 
a positive IRR rate. In other words, the net outflow of capital exceeded the net inflow of 
capital. After careful examination of the data, this seemed to be correct, as the saving in the 
case of the batteries were not substantial enough when compared to the high acquisition 
cost. In the case of installing the transformer, the reduction in the average load at risk was 
also not substantial when compared to the cost of the transformer installation and associated 
work. The NPV for each capital investment option is summarised in Table 2. As seen from 
this table, there is no option that would be viable from a NPV point of view.  

Table 2: NPV of each capital investment option 

Capital investment option NPV 
Installing batteries from 2017 R -26 689 883 
Installing a new transformer from 2017 R -7 174 264 
Installing batteries from 2017 and a new transformer in 2032 R -19 288 490 
 

5.2 LEAST LIFE CYCLE COST ANALYSIS  
Life-Cycle Cost Analysis (LCCA) is an economic method of project evaluation in which all 
costs arising from owning, operating, maintaining and disposing of a project are considered 
when investigating the financial feasibility of project options. The investment criteria in 
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section 7.2 of the grid code recommends the use of least life cycle cost to determine the 
preferred investment option [1]. 

LCCA acounts for a project costs from inception up to disposal stage by using economic 
principles to precidict future values based on the life expectancy of the project. Below is the 
general general equation used within the CCT to determine project’s life cycle cost: 

��� � � � �&� � �	 � �
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Where: 

 LCC : Life cycle cost 
 A : Acquisition cost 
 O&M : Operating and maintenenance cost 
 L� : Technical Losses cost 
 CIC : Customer Interuption Cost 
 IDC : Interest During Construction 
 OH : Overheads 
 ES : Energy saving due to energy shift 
 
Because all of the options contain a transformer, whether it is new or existing, the technical 
losses were deemed to be the same for each option and were excluded from the calculation. 
The operating and maintenance costs were determined for each specific scenario, as well as 
the overhead costs. The batteries had a higher operating and maintenance cost than the 
transformer and a higher load at risk, although the latter had an insignificant cost implication. 

The result of the LCCA is shown in Figure 7 and the life cycle costs are summarised in Table 

3. 

As seen from this graph, the least cost option would be to not undertake any project. This is 
partly due to the fact that the equipment is still in good operating condition, but mainly the 
low average load at risk. As seen from the load duration curve in Figure 2, the rated capacity 

Figure 7: Life cycle cost of each option 



would only be exceeded for approximately 3% of the year in 2040. Furthermore, without any 
intervention, the average load at risk remains relatively small, only reaching approximately 
160 kVA by 2040.  

If the load could not be supplied by the existing transformer and some upgrade had to be 
done, the deferment would still not be justified. The batteries have a very high acquisition 
cost when compared to a new transformer. From an LCCA point of view, this means that the 
losses or operating and maintenance cost for the new transformer had to exceed that of the 
batteries by far in order to be justifiable by LCCA. A more feasible solution would be if the 
price of the batteries were decreased. 

Table 3: Summary of life cycle cost for each scenario 

Scenario  Life cycle cost  
No project R 7 292 318 
Installing batteries from 2017 R 36 921 350 
Installing a new transformer from 2017 R 10 667 759 
Installing batteries from 2017 and a new transformer in 2032 R 29 870 047 
 

6. CONCLUSION 
Due to the fact that no capital investment option yielded an acceptable IRR, NPV or had a 
lower life cycle cost than undertaking no project, no project was executed.  

The high acquisition cost of the batteries also meant that the only way the deferring capital 
option could be viable was if the saving in peak and off peak tariffs were more substantial. 
Unfortunately, this was not the case.  

Two years after the initial study was done, the assumption of the slow load growth proved to 
be correct and even slightly optimistic. Thus the cost saving in tariffs assumed was 
reasonable and the load at risk was identified correctly. It would be interesting to review the 
acquisition cost of the batteries at this stage, as this was one of the main problems in 
justifying the deferment. 

Furthermore, the NPV results did yield an interesting result in that the deferred scenario 
could be viable if the acquisition cost of the batteries were a third of the original cost in 2015. 
It is believed that the batteries could be a financial feasible option in the near future, if not 
already. 

Although this study did not result in a positive result for battery storage as a capital deferring 
strategy, it does not mean that such a study is not worth investigating. With the correct load 
demographic and reduced battery prices, it might very well be worth investing in a battery 
system as a peak shaving and energy shifting scheme to defer capital investment. 
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