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INTRODUCTION 

The electricity industry is already being impacted by disruptive, emerging technologies including 

solar photovoltaic (PV) electricity generation, battery storage and electric vehicles (EV’s), 

although battery storage and electric vehicles have had a relatively small impact to date. This 

white paper discusses the impact of these disruptive technologies on the industry and its various 

players.  

Our key conclusions include that;  

(i) Solar PV is expected to reach saturation point at about 40-45% of Australian households by 

2030, and an average Australian household with solar PV could reduce grid electricity 

demand and its electricity bill by about 50%, 

(ii) On average, battery storage on its own is not currently economically viable but does become 

attractive by the early to mid-2020’s and we estimate about 20% penetration of battery 

storage of Australian households by 2030, 

(iii) Solar plus battery storage could reduce average Australian household grid electricity 

consumption by 83-88% and the average bill by 77-87%, reducing peaks in grid demand and 

having a smoothing effect on the grid network. As such, we expect electricity generators to 

experience lower volumes as solar PV penetration increases, and significantly lower peaking 

revenues (up to 60% lower) due to the smoothing effect, 

(iv) Transmission and Distribution network companies are likely to experience weaker volumes, 

however, as they are regulated we do not expect a material drop in earnings, and the 

smoothing effect of battery storage on network peaks may reduce the need for network 

augmentation and lower network costs, 

(v) We estimate a 17.5% reduction in average revenue per customer for the energy retailers more 

than offsetting new revenues from solar and battery storage sales. There are opportunities, 

however, for energy retailers to lease and manage solar and battery storage systems for 

households enabling them to maintain long-term relationships with retail customers as well 

as better managing their own generation and network loads. 

(vi) Reduced transport fuel sales volumes as a result of Electric Vehicles (EV’s) is unlikely to 

impact the transport fuel retailers in the medium-term, as total gasoline and diesel 

consumption is still likely to achieve net growth despite expectations that 11% of the 

Australian passenger vehicle fleet with be electric by 2030. 

The National Electricity Market (NEM), which is the largest electricity market in Australia 

(~194GWh), accounting for 85% of Australian electricity demand and includes all States and 

Territories on the East Coast in addition to Tasmania and South Australia. Electricity demand in 

the NEM has declined for each of the 6 years to June 2014 as a result of increased rooftop solar 

PV, as well as other factors such as increased energy efficiency by users. Increasing use of compact 

fluorescent and LED lighting is also lowering demand. 
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Figure 1 – Annual Electricity Demand – National Electricity Market (NEM) 

 

Source: AEMO, http://www.aemo.com.au/Electricity/Data/Price-and-Demand/Aggregated-Price-and-Demand-Data-Files 

 

2015 saw the first increase in NEM electricity demand (+1%) since 2008, however, this was 

primarily driven by the start-up of the coal seam gas projects in Queensland which are expected 

to add about 9TWh to the NEM by 2019 (as much as 5%) as all the gas well systems are electric. 

The industry consists of electricity generation, transmission and distribution to get to the end 

users, and retail, commercial and industrial end users – as shown in Table 1. 

Table 1 – Summary of the National Electricity Market 

 Generation Transmission Distribution Retail & SME Commercial 

Annual Electricity 194,000 GWh 184,992 GWh 140,821 GWh ~68,600 GWh ~72,600 GWh 

Turnover $8,200m $2,600m $9,400m ~$18,500m ~$7,000m 

Average price $42.27/MWh $14.05/MWh $67.00/MWh 

($0.067/kWh) 

$270/MWh 

($0.27/kWh) 

$60-150/MWh 

 

EBIT Margin % ~35% ~35% ~62% 6.5% ~2% 

Source: Australian Energy Regulator, 2015; DUET Annual Report, AusNet Services, Spark Infrastructure, AGL Limited, Arnhem 

Investment Management 

 

Consumer electricity prices have risen considerably over the past 10 years, up an average of 70% 

over the 6 years to 2013 (Australian Energy Market Operator (AEMO), 2015), which has made 

technologies like solar more attractive and increased the level of interest in battery storage. 

Average prices in Australia have been driven up mainly by transmission and distribution costs, 

which make up about 40-50% of the total cost to a residential consumer. The following figure 
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shows how the different components of the electricity sector impact on the average final 

electricity price to the consumer (average Retail & SME tariff shown). 

 

Figure 2 – Representative Average Residential Electricity Tariff and its Components 

 

Source: Australian Energy Market Commission, 2015 Residential Electricity Price Trends, cited in Department of Industry, 

Innovation and Science, 2016 

 

The average Australian household uses about 5,600 to 6,300kWh each year, or about 15-17kWh 

per day, and this equates to a bill of about $1,200 to $1,800 per annum. 

Figure 3 – Average Residential Electricity Usage and Components 

   

Source: AGL Limited, Morgan Stanley, South Australian Government, Department of Environment, Water, Heritage and the Arts 
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Using raw data including electricity consumption profiles for different seasons of the year across 

all major States, together with production profiles for solar, current tariff structures and current 

installation costs for solar and battery storage, we constructed an electricity consumption and 

cost model of a typical year for an average household, and ran scenarios involving solar and/or 

battery storage to determine possible changes in electricity consumption and electricity bill, and 

ultimately payback periods for selected capital investment options. Through interviews with 

experts across all sectors of the electricity industry, as well as research and analysis, we found 

that a payback of 5-7 years is likely needed to see an acceleration of take-up of solar and/or battery 

storage.  
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SOLAR PHOTOVOLTAIC (PV) ELECTRICITY GENERATION 

By the end of 2015, over 1.5 million small-scale (<100kW) solar PV systems had been installed on 

Australian residential rooftops (AER, 2015).  Figure 4 shows that cumulative and annual solar PV 

installations (units) accelerated in 2009/2010.  

Figure 4 – Cumulative Solar PV Installations by State/ Territory – 2001 to 2015 

 

Source: Clean Energy Regulator, 2016 

Since peaking in 2011, the annual rate of residential installations has slowed, halving between 

2011 and 2014, although total cumulative capacity still grew by 138,000 units (10.1%), or just 

under 1,000MW, in 2015 (compared to 2014) (Clean Energy Regulator, 2016). 

Installed solar PV capacity in Australia reached almost 5,000MW by December 2015 (http://pv-

map.apvi.org.au/analyses) and, although this represents about 10% of total installed capacity 

across the National Electricity Market (NEM), solar only supplied 2.7% of electricity requirements 

in the year to June 2015 (AER, 2015). Actual production represents a lower percentage compared 

to installed capacity, because the capacity factor for fossil fuel generation like base-load coal is 

much higher than the capacity factor for solar because solar is so weather dependent. The 

Capacity Factor of Solar PV is only about 15% to 18% according to Morgan Stanley, although the 

exact number depends on factors like; (i) location (which Australian state/territory), (ii) direction 

the panels face, and (iii) whether the panels are fixed or track the direction of the sun.  

As Figure 4 shows, take-up of solar PV has not been uniform around Australia. 28.8% of South 

Australian households have solar PV, generating ~7% of the state’s annual electricity 

requirements, and 29.6% of Queensland households have solar – with penetration rates up to 65% 

in some suburbs (AER, 2015). The following figure shows that Queensland and South Australia 

have the largest penetration of solar PV. 
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Figure 5 – Percentage of Households with Solar PV by State/ Territory 

 

Source: Australian PV Institute, http://pv-map.apvi.org.au/analyses 

 

The strong growth in solar PV installations from 2008 to 2012 was driven by government 

incentives and, in particular, very generous feed-in-tariffs for solar produced and fed into the 

grid. NSW and Victoria were offering up to 60 cents/kWh as a gross feed-in-tariff, well above 

even the peak time-of-use cost of grid electricity.  

Figure 6 – Feed-In Tariff versus Solar PV Installations - Victoria 

 

Source: Victorian State Government; Clean Energy Regulator, 2016 

The bulk of solar PV installations have been residential to date, although commercial take-up has 

accelerated over the past few years. 
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Figure 7 – Commercial Solar PV Installed Capacity and Production – 2010 to 2015 

 

Source: Australian PV Institute, http://pv-map.apvi.org.au/analyses 

 

The commercial sector has been slow to take up solar, but the AER (2015) estimates that 

commercial accounted for about 12% of installed solar capacity at June 2015 and is expected to 

grow to 23% by 2025. Despite the fact that the load profile of commercial and industrial (C&I) 

much better matches the generation profile of Solar, there are a number of barriers to achieving 

mass penetration of solar PV by C&I: 

(a) Commercial and Industrial pay lower electricity rates, so the economics are less attractive. 

According to Morgan Stanley; (i) tariffs for Small Businesses (SME’s) are similar to residential 

up to ~50MWh, about 27c/kWh on average, although usage charge discounts will be higher, 

(ii) tariffs for large commercial businesses are around 10-15c/kWh, and (iii) large industrial 

customers pay close to wholesale rates for electricity, about 6-7c/kWh, 

(b) Most residential houses have roof space for panels, whereas most commercial businesses 

don’t, particularly high-rise office buildings. 

(c) Most business premises are rented and not owned. 

(d) Often there are multiple people involved in the decision process, particularly for larger 

companies. Contracting a commercial solar installation takes about 3 times as long as a 

residential one, 

(e) The decision is purely economic, whereas some residential solar may be for environmental or 

ideological reasons. Commercial sales require much greater education and analysis on 

benefits. 

The following figure overlays graphically the solar generation profile and demand load profile 

of a typical day in NSW during the second quarter of the year. This is for an average house that 

uses its own solar generation first and buys electricity off the grid when needed. It also sells back 
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into the grid any solar energy it doesn’t use. The darker blue and yellow bars show whether the 

demand is met from the grid or from solar during the day, and the light blue bars represent excess 

solar that is not used and sold into the grid.  

Figure 8 – Solar & Demand Profile for NSW Average: Quarter 2 (Apr-Jun) 

 

Source: AEMO, Morgan Stanley, Arnhem Investment Management 

The following table summarises these data for all four quarters and for all major States in the 

NEM, based on average house scenarios and using typical time-of-use tariffs. 

Table 2 – Estimated Payback Periods for New Solar PV Installations 

 

Source: Arnhem Investment Management 
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About 84% of Australian dwellings have been constructed such they would enable solar PV 

installations, i.e. free standing houses or townhouses as opposed to apartments/ units. Of these 

10% are estimated to be in areas inappropriate for solar and 10% have roofs too steep, which 

leaves about 64% of Australian dwellings that are suitable for solar PV. According to the 

Australian Bureau of Statistics, approximately 31% of households rent so, assuming some rental 

properties may still have solar installed, this suggests the actual addressable market for Solar PV 

in Australia is probably about 40-45% of households. 

Solar panel prices have decreased significantly over the past 30-40 years from about US$23/Watt 

in 1980 to about US$3.00/Watt by 2009, and continue to fall (AER, 2015). This represents a -6.8% 

compound annual growth rate (CAGR) each year over the 29-year period. Figure 9 shows 

historical prices both absolute and logarithmic. 

Figure 9 – Solar PV Panel Pricing – 1980 to 2009 

  

This is consistent with data obtained from Solar Choice, which collects data from most solar 

installers around Australia and is a good indication of installed costs in Australia per Watt. 

Figure 10 – Solar Photovoltaic (PV) Price Index – All System Sizes – Aug 2012 to Feb 2016 

 

Source: Solar Choice 
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The reduction in solar panel prices has been driven primarily by two factors; (i) the scale and 

learning impact on lower fabrication and manufacturing costs, and (ii) improved efficiency of 

solar cells.  

The following figure shows the implied future installed solar PV costs (excluding Small-scale 

Technology Certificate (STC) credits) based on 7% and 9% annual declines in PV costs and 

assuming no government contribution. 

Figure 11 – Supply & Installation Cost – 5kWh Solar PV System – Excluding STC Credits 

 

Source: Solar Choice, Arnhem Investment Management 

We anticipate that STC credits will get phased out post the current commitment of May 2017. The 

following figure shows the implied actual cost to the consumer including any STC credits. 

Figure 12 – Supply & Installation Cost – 5kWh Solar PV System – Including STC Credits 

 

Source: Solar Choice, Arnhem Investment Management 
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We expect the STC government incentives to be phased out from 2017, given installations to-date 

have already exceeded the initial targets for 2020, leading to a subsequent increase in solar PV 

system costs and a slower rate of installations to early next decade. Due to continued falling costs 

and increasingly attractive paybacks, we expect an increase in installations out to 2025 at which 

time we estimate all states will be about 40% penetrated and close to saturation. 

Figure 13 – Forecast Residential Solar PV Installations (units) and Growth Rate – 2015 to 2030 

 

Source: Arnhem Investment Management 

 

These estimates assume an average system size of about 5kW, which results in the following 

forecasts for rated output (MW) and solar electricity generation (GWh). 

Figure 14 – Forecast Rated Output & Electricity Generation for Residential Solar PV 

 

Source: Arnhem Investment Management 
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Our forecasts are broadly consistent with the expectations of government and industry bodies. 

AEMO forecasts saturation of solar PV by 2031 at 22,922MW of installed capacity for the NEM, 

which equates to about 30TWh. Our modelling estimates about 24TWh by 2030 for residential 

and an additional 5-6TWh for commercial, which is consistent with the estimates of AEMO. So, 

out of about 194TWh of total generation in the NEM, solar would increase from about 5.2TWh 

currently, or about 2.7% of generation, to about 30TWh, reducing total demand from the grid by 

a further 13%. 
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BATTERY STORAGE 

Battery storage has been used in Australia for a long time as it can make economic sense for 

remote regional places that are off-grid and where more expensive diesel generation is the 

primary power generation option (AEMO, 2015). However, battery storage for grid-connected 

residential and commercial electricity users is relatively new and is currently being marketed and 

rolled out in Australia. It is very early days and few units have been sold yet for residential 

storage. Unlike solar PV, which has achieved high levels of penetration in Australia, battery 

storage is so new that we are not aware of any data series or indices that are tracking battery 

storage installations at this stage. Establishing the economics and potential for battery storage, 

and estimating its penetration and impact on the electricity industry, were key objectives of our 

research.  

The AER (2015) sees momentum increasing with regard to interest from consumers in battery 

storage, but believes that both battery storage and electric vehicles are still “… too expensive for 

mainstream adoption.” However, battery solutions are being offered to early adopters and there 

is an expectation that, as prices come down, battery storage will become significantly more 

attractive in the near future. 

The initial interest in battery storage has been driven by: 

• High residential electricity tariffs (Australian electricity prices rose an average of 70% in the 

6 years to 2013) and, in some cases, the availability of time-in-use tariffs that have a large 

spread been peak and off-peak prices (AEMO, 2015), 

• The nearing end of premium feed-in tariffs for some existing solar PV owners (AEMO, 2015), 

• Interest by ‘early adopters’ to be more independent from the grid and to be more focused on 

environmental factors, and 

• Declining battery pack costs – driven in part by increased production as a result of Electric 

Vehicles. 

Interest in battery storage is also due to the media ‘hype’ around Tesla and its home storage 

product. Tesla has launched both its Powerwall residential product, and PowerPack commercial 

product, in Australia recently and is expecting strong sales. RedFlow and Enphase have also 

recently launched battery storage options in Australia. 

Table 3 summarises some of the current Australian offerings. 
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Table 3 – Battery Storage Products Available in Australia 

Product Powerwall Enphase AC AHI Sunverge ZBM 

Manufacturer Tesla Enphase Aquion Kokam Redflow 

Price A$ ~$10,000 ~$2,000  $14,990 $17,000 

Chemistry Li-Ion Li-Ion PO4 Sodium-sulfate Li-Ion Zn-Br Flow 

Capacity 7kWh 1.2kWh 2kWh 11.6kWh 10kWh 

Cost/kWh A$1,428 A$1,667  A$1,292 A$1,700 

DoD ~90% 95% 100%  100% 

Cycle Life 3,650 7,300 3,000  20,000kWh 

Warranty 10 years 10 years 5 to 8 years  20,000kWh 

Weight 95kg 25kg 118kg  240kg 

Kg/kWh 13.6 kg/kWh 20.8 kg/kWh 59kg/kWh  24kg/kWh 

Dimensions 

H/W/D (m) 

 

1.3/0.86/0.18 

 

0.235/0.39/0.22 

 

0.935/0.33/0.31 

  

0.823/0.4/0.845 

Source: Solar Choice, 2015; Statman, 2015; http://acsolarwarehouse.com/news/our-take-on-the-enphase-ac-battery/ 

 

It’s clear from the table above that Li-Ion has the advantage of being much lighter per kWh than 

other technologies, which doesn’t necessarily matter for stationary energy storage but is very 

important for electric vehicles (EV’s) and the development of EV’s is a key driver of developments 

in battery technology. Current battery technology has significant limitations and there are trade-

offs between the various requirements of batteries – such as energy density (energy per unit 

mass), safety, lifetime, cycle life, specific power (energy per unit of time) and efficiency.  

This report focuses on Lithium-Ion batteries, particularly Lithium Nickel Cobalt Aluminium 

Oxide (NCA) and Lithium Nickel Manganese Cobalt Oxide (NMC), as they are the types that are 

expected to dominate the market for EV batteries for the next 10-15 years (based on current 

technology). 

A lithium-ion battery pack costs about US$250-350/kWh currently (Rader & Morris, 2015; BNEF, 

2016) although, as shown in Table 3, the cost of an energy storage system is considerably more 

than this. This difference is for other components that make up a complete energy storage system. 
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Our analysis has looked at three scenarios regarding battery storage: 

1. Battery Storage only. Installing battery packs by themselves would be done as a means of 

arbitraging time-of-use pricing, 

2. Battery storage as a retro-fit to existing houses with solar PV. In our modelling we have 

assumed 50% of the cost of solar PV on the assumption that retro-fitting will generally not 

require replacing the whole PV system but rather an upgrade to existing panels or adding 

additional panels to increase the overall capacity of the system.  

3. New installations of both solar PV and battery storage to dwellings. Once the economics 

make sense, we expect that a proportion of new solar PV installations will include battery 

storage as part of the whole package. 

The following table shows the ‘standing offer’ time-of-use tariffs used in our modelling. 

Table 4 – Time-Of-Use Tariffs – Standing Offers 

 

Source: AGL Limited, Origin Energy 

Looking first at stand-alone battery storage (no solar), the following figure shows this graphically. 

Figure 15 – Battery Storage Arbitrage – January to March Quarter – New South Wales 

 

Source: Arnhem Investment Management 

During the morning off-peak, when electricity is cheap, the dwelling uses electricity from the grid 

to meet demand (dark blue), and additional electricity is bought from the grid to charge the 
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battery (light blue). The battery remains fully charged until the peak period, at which time the 

battery is discharged (green bars) to meet demand to avoid buying expensive electricity from the 

grid. Once fully discharged, electricity is again bought from the grid and the battery is charged 

again during the off-peak period. 

Our modelling suggests that for Battery Storage on its own the economics currently do not 

support the take up of battery storage for an average residential customer. The most attractive 

scenario is in New South Wales where the difference between peak and off-peak tariffs is highest, 

and more of the total bill is variable – as opposed to the fixed daily supply charge. Our modelling 

suggests battery storage could achieve a payback period of just over 11 years in NSW. The data 

is shown in Table 5 for the average residential customer scenario. This is likely insufficient to 

achieve material take-up at current costs.  

Table 5 – Estimated Battery Storage Payback – Arbitrage of Time-Of-Use Pricing – NSW 

 

Source: Arnhem Investment Management 

 

Although total demand/consumption is unaffected, simply arbitraging peak and off-peak pricing 

can save 41% of an average electricity bill in NSW. For South Australia, we are not aware of a 

standing time-of-use offer, which means the concept of straight battery storage arbitrage doesn’t 

work at all. In Queensland and Victoria, the concept works but the economics are considerably 

less attractive than NSW. We estimate a payback of about 37.2 years in Queensland and 35.0 years 

in Victoria.  

To consider Battery Storage in combination with Solar PV, we modelled each of the largest four 

States over each season and found payback periods of between 7.0 and 10.4 years for retro-fitting 

existing solar (perhaps less if the existing solar system needs no upgrading) and 8.4 to 12.7 years 

for new battery plus solar installations. These figures are shown in Table 6 for the average 

residential customer scenario. 
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Table 6 – Estimated Payback Periods – Battery Storage plus Solar PV – NEM States 

 

Source: Arnhem Investment Management 

A typical day of electricity consumption, production and sale is shown in Figure 16 for the second 

quarter in New South Wales for an average residential house with 5kW solar system and 7.2kWh 

battery storage. 

Figure 16 – Typical Daily Usage – Solar PV & Battery Storage – Quarter 2 (Apr-Jun) – NSW 

 

Source: Arnhem Investment Management 

To explain Figure 16 above: 

• Electricity is bought from the grid during the morning off-peak, 

SOLAR PV PLUS BATTERY STORAGE

Average Average Solar Solar Solar Sold Solar Demand Cost of Grid Fixed Supply Electricity 

Demand (kWh) Production (kWh) Used (kWh) into Grid (kWh) Revenue ($) From Grid (kWh) Electricity ($) Charge ($) Bill ($)

New South Wales

Current Usage 6,325 6,325 $1,814.68 $328.85 $2,143.52

Solar + Battery Storage 6,325 7,140 5,267 1,873 $112.35 1,058 $125.08 $328.85 $341.57

-83.3% -93.1% 0.0% -84.1%

Cost of System - New Installation $15,185 Annual Savings $1,801.95 Payback 8.4

Cost of System - Reto-fit Existing Solar $12,588 Annual Savings $1,801.95 Payback 7.0

Queensland

Current Usage 6,292 6,292 $1,532.02 $428.51 $1,960.54

With Solar PV 6,292 7,665 5,453 2,212 $132.71 839 $152.41 $428.51 $448.21

-86.7% -90.1% 0.0% -77.1%

Cost of System - New Installation $15,185 Annual Savings $1,512.32 Payback 10.0

Cost of System - Reto-fit Existing Solar $12,588 Annual Savings $1,512.32 Payback 8.3

Victoria

Current Usage 5,169 5,169 $1,208.58 $397.06 $1,605.64

With Solar PV 5,169 6,564 4,448 2,116 $131.20 721 $106.97 $397.06 $372.84

-86.1% -91.1% 0.0% -76.8%

Cost of System - New Installation $15,685 Annual Savings $1,232.80 Payback 12.7

Cost of System - Reto-fit Existing Solar $12,838 Annual Savings $1,232.80 Payback 10.4

South Australia

Current Usage 5,556 5,556 $1,749.00 $256.12 $2,005.12

With Solar PV 5,556 7,661 4,927 2,734 $218.73 628 $185.47 $256.12 $222.86

-88.7% -89.4% 0.0% -88.9%

Cost of System - New Installation $15,185 Annual Savings $1,782.26 Payback 8.5

Cost of System - Reto-fit Existing Solar $12,588 Annual Savings $1,782.26 Payback 7.1
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• When solar generation starts about 6:30am, the demand of the dwelling is increasingly met 

from solar production rather than from the grid, 

• By 8:30am all the dwelling’s electricity demand is met with solar production and excess solar 

production is used to charge up the battery, 

• During the first part of the peak period, electricity is still met with solar production and the 

battery completes charging, 

• At 4:30pm the battery starts discharging to supplement the solar production, and by 7pm the 

battery is supplying all power to the dwelling, 

• The battery completes discharging around 10:30pm and electricity is again bought from the 

grid. 

Our payback analysis suggests that solar plus battery storage is starting to become broadly 

economic (assuming a 7-year payback is sufficient) in NSW and South Australia for retrofitting 

existing solar PV systems. As such, we expect these markets to see the most initial interest in 

battery storage solutions. 

Addressable Battery Storage Market 

Without issues like rooftop space and shading, battery storage doesn’t have some of the limiting 

factors of solar PV. For the same reasons as solar, it is unlikely to appeal to dwellings which are 

rented and the battery market is most likely going to appeal to the same houses that have solar – 

which is estimated at about 40-45% of households at saturation. Cost is key, but safety, power, 

energy and lifetime are other important criteria. Research by Morgan Stanley, that surveyed 1,600 

households in the National Electricity Market (NEM), estimated the potential market at about 

30% of households. 

Lux Research currently estimates that battery pack prices will fall to about US$229/kWh by 2025 

and as low as US$172/kWh for the best-in-class by 2025 (such as Tesla). Their forecasts are 

summarised in the following figure. 

Figure 17 – Lux Research – Forecast Battery Pack Prices (US$/kWh) 

 

Source: http://www.luxresearchinc.com/sites/default/files/ES%20KTA_3_15.pdf 
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Nykvist & Nilsson presented a paper in 2015 that tracked cost forecast for Li-ion battery packs 

between 2007 and 2014 and found that; (a) cost estimates declined by about 14% p.a. over that 

period from US$1,000/kWh to US$410/kWh, and (b) cost estimates by leading EV manufacturers 

have declined even more to US$300/kWh. 

Figure 18 – Cost of Lithium-Ion Battery Packs for Electric Vehicles – 2007 to 2014 

 

Source: Nykvist & Nilsson, 2015 

 

The study estimated that at the point where batteries cost <US$150/kWh, mass-market 

commercialisation is expected to occur, and this looks to be around 2025. 

It’s worth noting, though, that analysts have consistently underestimated the speed at which 

battery costs come down. For example, only 4 years ago in 2012, Lux Research estimated that 

battery costs were likely to only be a little below US$400/kWh by 2020 – and yet they are already 

US250-350/kWh (battery cell only). 

These costs are just for the battery pack, however, and according to Sunverge Energy much more 

is required to run an integrated solar/ battery energy storage system than just the battery pack, 

which accounts for only about 35% of the cost. If we consider the Tesla Powerwall, which Tesla 

claims can be produced for about US$3,500, it is just a battery pack. The actual energy storage 

unit retails in Australia for about A$9,000 to A$10,000 and includes these other components. 
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Figure 19 – Estimated Component Breakdown Cost of Tesla Powerwall – Current and 2025 

  

Source: Koh et al, 2016; Origin Energy; Arnhem Investment Management 

 

Table 7 – Estimated Component Breakdown Cost of Tesla Powerwall in Australia 

 

Source: Koh et al, 2016; Origin Energy; Arnhem Investment Management 

 

The ‘retrofit’ market of about 1.5 million households that already have solar systems installed, 

many of them smaller 1.5kW to 2.0kW systems, are considered more likely to add battery storage 
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and/or upgrade to higher capacity solar systems. There are about 280,000 solar customers in NSW, 

Victoria and South Australia that are expected to come off ‘premium’ or ‘transitional’ feed-in 

tariffs at the end of 2016. Retro-fitting existing solar systems with battery storage starts to become 

attractive in NSW and South Australia over the next couple of years, and becomes very attractive 

around the mid-2020’s. As such we expect gradual take-up over the next 4-5 years and an 

acceleration of take-up in the early 2020’s.  

AEMO (2015) estimates installations of battery storage to be about 530 MWh by 2017/18, 3,500 

MWh by 2024/25, and about 8,000 MWh by 2034/35. We estimate that installed capacity of battery 

storage will be about 6,800 MWh by 2025 and about 16,000 MWh by 2030, making our forecasts 

materially more aggressive. 

 

Figure 20 – Forecast Household Penetration of Battery Storage – 2015 to 2030 

 

Source: Arnhem Investment Management 
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ELECTRIC VEHICLES 

By the end of 2015 there were about 1.3 million electric vehicles (EV’s) around the world, 60% 

higher than a year earlier, although EV’s still only represented about 1% of total vehicle sales over 

the year and less than 0.1 percent of the total passenger vehicle fleet today. Growth has been very 

strong, however, with total sales in 2014 of about 290,000, and in 2015 of about 462,000. Annual 

EV sales are expected to be in the millions as early as 2020.  

Bloomberg New Energy Finance (BNEF) forecasts that by 2040 EV sales will be about 41 million 

units, about 35% of annual passenger vehicles sales in the year and about 25% of vehicles on the 

road. Replacing 25% of internal combustion engine vehicles with EV’s would displace about 13 

million barrels of oil demand per day (13mmbopd), according to BNEF, and will increase global 

electricity demand by about 2,700TWh (about 11% of 2015 total electricity demand). 2 million 

barrels of oil per day of excess supply was enough to cause the current oil crisis and collapse of 

oil prices from over US$100/bbl to a bottom of about US$28/bbl and current price of ~US$50/bbl. 

So clearly, an absolute drop in demand of 13mmbopd today would be devastating to the oil 

industry.  

We expect Battery Electric Vehicles (BEV) to have the most impact on electricity use and 

hydrocarbon fuel consumption. More recently the Plug-In Hybrid Electric Vehicle (PHEV) has 

emerged, which can cover about 50-60 kilometres on just electricity. A PHEV is charged by 

plugging it in (as the name suggests) and for someone driving around town it can run almost 

entirely on electricity. The downside is the extra weight and space for the additional petrol 

engine, but the upside is that it doesn’t have range issues like a BEV. 

As at April 2015, only about 2,000 electric vehicles had been sold in Australia (AER, 2015) 

representing only about 0.1% of new vehicle sales (AEMO, 2015).  

Figure 21 – Electric Vehicles Sold in Australia (units) 

 

Source: Business Insider, Carsguide, VFACTS, drive.com.au, Arnhem Investment Management 
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Currently, Electric vehicles are still a niche product for early adopters. Electric Vehicles have been 

slow to gain traction for a number of reasons: 

1. Cost. EVs are simply not on cost parity with Internal Combustion Engine (ICE) vehicles yet, 

and this is mostly due to the battery costs. 

2. Lack of charging infrastructure. Even in HK where there is a high ratio of public charging 

stations to EV’s (only 2 cars per charging station, versus 9 in Japan and 6 in Norway) owners 

have still been complaining that at times they have to wait to get a free charger. The issue is a 

lack of home charging stations given many people live in huge apartment complexes with 

shared parking, as well as difficulties getting building management to install them. 

3. Perception of range. Even though the majority of drivers travel less than 100km per day. 

4. Lack of education. Consumers don’t yet have confidence and understanding in factors like 

the true servicing costs and options, resale values, network refuelling options and true costs 

to run. 

Research suggests many of the barriers to uptake are perception related (Energy Supply 

Association of Australia, 2013; Tesla Motors 2015 Annual Report), which should be dealt with 

over time and with better education and experience, however, the key barrier is cost relative to 

traditional vehicles. 

Mass take-up of EV’s would have two major impacts:  

(a) Firstly, it would displace gasoline and diesel used in combustion vehicles and ultimately 

reduce demand for crude oil. 

(b) Secondly, it would increase electricity demand. Electric vehicles represent both a new source 

of electricity demand, as well as a source of battery storage that can be used to better manage 

peak demand. 

Growth of electric vehicles has been much slower than anticipated, with the US missing its 1m 

vehicles by 2015 target by about 70% and Nissan confirming that it will fall well short of its goal 

of selling 1.5m EV’s (Nissan Leaf) by 2016. The key reason has been the high cost of batteries (Lux 

Research, 2016). Looking at future EV penetration, battery cost is regarded as the only long-term 

sustainable driver of take-up. If we look further at some of the big markets for EV’s, they are all 

currently driven by government incentives. 

The market for EV’s is being driven by a number of factors including: 

1. Government incentives, 

2. Early adopters whose decision to purchase is not primarily an economic one, 

3. Falling battery costs, 

4. Manufacturers taking low profit margins to achieve penetration. 

To achieve mass-market take-up the cost of battery packs needs to fall to about US$150/kWh 

before EV’s become cost-competitive with internal combustion engine vehicles. Currently, Lux 

Research (2016) estimates that EV Lithium-Ion battery packs cost about US$400/kWh to 
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US$500/kWh for most EV manufacturers. LG Chem Power is aiming to cut its battery cost from 

$300/kWh to $200/kWh by 2017 and Bosch's CEO believes that battery pack costs will half by 2020 

(Lux Research, 2016). 

The following table looks at the total cost of ownership of electric vehicles (EV’s) relative to 

traditional internal combustion (IC) vehicles over a period of 10 years.  

Table 8 – Estimated Total Cost of Ownership – Traditional (IC) vs Electric Vehicles (EV) 

 

Source: http://www.racq.com.au/cars-and-driving/cars/owning-and-maintaining-a-car/car-running-costs; 

https://www.greenvehicleguide.gov.au/ 

 

The analysis in Table 8 shows that EV’s are currently about 25-40% more expensive than the 

comparable traditional internal combustion vehicle. 

This is shown graphically in the following figure. 
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Figure 22 – Estimated Total Cost of Ownership – Traditional (IC) vs Electric Vehicles (EV) 

 

Source: http://www.racq.com.au/cars-and-driving/cars/owning-and-maintaining-a-car/car-running-costs; 

https://www.greenvehicleguide.gov.au/, Arnhem Investment Management 

 

Deutsche Bank estimates that meeting European CO2 regulations will add about €1,000 to the 

cost of an internal combustion (IC) car over the next 5 years and another €1,000 over the following 

5 years to 2025. In contrast, the declining prices of lithium-ion battery packs are expected to bring 

the cost of an electric powertrain down by about 50% over the next 10 years, making EV’s cost 

competitive with IC vehicles. Work by UBS estimates that battery prices will fall to about 

US$145/kWh by 2025 and, as a result, EV’s will achieve parity with IC vehicles in Europe by the 

early 2020’s and in China by 2025. Largely due to the low fuel price in the US, UBS believe that 

EV’s won’t achieve parity in that market for the foreseeable future or at least until battery costs 

reduce to <US$75/kWh. 

AGL released a working paper in 2011 that forecast the following rate of uptake of EV’s in 

Australia, which has a current total passenger vehicle fleet of about 13.5 million vehicles 

(Australian Bureau of Statistics): 

Table 9 – Estimated Electric Vehicle Take-Up in Australia 

 % of New Sales 2020 % of New Sales 2030 EV’s in 2030 

Low Uptake scenario ~5% ~5% 250,000 

Medium Uptake scenario ramping up 25% 1.0 million 

High Uptake scenario 20% 50% 2.7 million 

Source: Jarvinen, Orton & Nelson, 2011 
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According to AGL most major auto manufacturers are developing EV’s and some have business 

plans for EV’s to make up 10-25% of total vehicle sales by 2020. 

In a research study looking at potential EV uptake in Australia, AEMO (2015) expects uptake will 

be slow with only 166,000 vehicles across the NEM by 2024/25 (representing about 1% of total 

vehicles), increasing to about 525,000 in 2034/35 (representing about 3.5% of total vehicles). 

Figures 23 and 24 below show our estimates of EV take-up in Australia. We expect 5% of sales in 

2020, 15% of sales by 2025 and 30% of sales by 2030. This equates to EV’s being about 5% of the 

total Australian vehicle fleet on the road in 2035 and just over 11% by 2030. 

Figure 23– Estimated EV Penetration in Australia - % of New Passenger Vehicle Sales 

 

Source: Arnhem Investment Management 

Figure 24 – Estimated EV Penetration in Australia - % of Total Registered Passenger Vehicles 

 

Source: Arnhem Investment Management 
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According to the Australian Bureau of Statistics and a 2013 Roy Morgan survey, and average IC 

passenger vehicle drives about 14,000 kilometres a year and uses about 10.7 litres of fuel per 

100km. Based on data from electric vehicle manufacturers (Nissan, Tesla and BMW), an electric 

vehicle gets about 6 to 6.5km per kWh (i.e. a Tesla S-85D with an 85kWh battery pack has a 528km 

range, and a Nissan Leaf with a 30kWh battery pack has a 170km range). Based on 14,000km per 

year, a typical IC vehicle uses about 1,500 litres of fuel per year, and a typical EV uses about 

2,300kWh of electricity per year.  

The Australian passenger vehicle fleet grew at about 2.3% p.a. over the past 13 years (Australian 

Bureau of Statistics). According to the Australian Government Department of Infrastructure and 

Transport, average passenger vehicle fuel consumption has declined from about 12.0 litres of fuel 

per 100km in 2000, to about 10.7L/km in 2015 – an annualised decline of 0.8% p.a. Our estimates 

therefore assume about 1.5% annualised growth in fuel demand across the Australian passenger 

vehicle fleet (2.3%, less 0.8% in improved average vehicle fuel efficiency).   

Even by 2030, we estimate EV’s will only add about 4,350GWh (4.4TWh) to the NEM, and will 

displace about 2.7 billion litres of gasoline, which is about 11% lower when compared to a 

scenario with no EV’s. This scenario will still result in net growth in gasoline/ diesel demand over 

that period, however. 
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KEY FINDINGS AND CONCLUSIONS 

• We estimate solar PV can get to about 40-45% penetration of all Australian households 

between 2025 and 2030, and will account for about 16% of total NEM demand at that time.  

• An average Australian NEM household with solar PV could reduce grid electricity demand 

and its electricity bill by about 50%. Solar alone does not reduce peaks in the networks, which 

still need to be augmented to be able to cope with maximum demand. 

Figure 25 – Estimated Demand Profile for Average NSW Residential – Solar PV (5kW) 

 

Source: Arnhem Investment Management 

• Battery storage on its own does not reduce demand, rather it shifts demand from peak pricing 

periods to off-peak pricing periods – as per Figure 26. 

• On average, battery storage on its own is not currently economically viable, but in 

combination with solar PV we expect the payback periods for batteries will be approximately 

7 years in NSW and South Australia by the early 2020’s, initially as a retro-fit for households 

with existing solar systems. The economics are very attractive by the mid-2020’s, based on 

forecasts for future reductions in battery costs. We estimate about 20% penetration of 

Australian households of battery storage by 2030.  

 

 

 

 

 



30 

Figure 26 – Estimated Average Demand Profile for NSW Residential – Battery Storage (7kWh) 

 

Source: Arnhem Investment Management 

• Solar plus battery storage can reduce electricity consumption by 83-88% and an average 

household electricity bill by 77-87%. This combination does reduce peak demand quite 

materially, having a smoothing effect on loads and reducing the requirement for expensive 

network upgrades. 

Figure 27 – Estimated Average Profile for NSW Residential – Solar PV (5kW) & Battery 

Storage (7kWh) 

 

Source: Arnhem Investment Management 
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Table 10 – Estimated Average Residential Electricity Bill Under Various Scenarios (2016) 

 

Source: Arnhem Investment Management 

 

• Growth of EV penetration has been slower than expected, as they are about 25-40% 

comparatively more expensive than internal combustion cars, primarily due to battery costs. 

We expect 5% of new vehicle sales to be EV’s by 2020, 15% by 2025 and 30% by 2030 – taking 

EV’s total share of Australian registered vehicles to 11% in 2030. This would displace about 

2.7 billion litres of gasoline and increase demand on the NEM by about 4.4TWh. 

 

 Figure 28 – Gasoline & Diesel Consumption – Impact of EVs (million litres) 

 

Source: Arnhem Investment Management 

 

• We estimate an 11% decline in total NEM electricity consumption by 2030 based on the 

expected penetration of solar PV, but up to a 60% drop in revenues for a peaking generator 

due to a smoothing of loads, and a 17.5% decline in average revenue per customer for the 

energy retailers. 

Scenario NSW QLD VIC SA Average

Status Quo $2,143.52 $1,960.54 $1,605.64 $2,005.12 $1,928.71

Solar PV - Net FiT $971.81 $918.47 $681.96 $732.55 $826.20

% Change -55% -53% -58% -63% -57%

Battery Storage $1,258.55 $1,691.91 $1,320.00 $2,005.12 $1,568.90

% Change -41% -14% -18% 0% -19%

 Solar PLUS Battery $341.57 $448.21 $397.06 $256.12 $360.74

% Change -84% -77% -75% -87% -81%
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Figure 29 – Estimated Impact of Solar PV/ Batteries & EVs on Total NEM Volumes 

 

Source: Arnhem Investment Management 

 

• Figure 29 shows that over the next 15 years we expect a decline of ~1.0% per annum to total 

NEM consumption based on expected penetration of solar PV. By 2030 total consumption is 

expected to be about 164.8TWh, which is 13.5% lower than 2015. Electric Vehicles will add 

about 4.4TWh to demand, but is more than offset by the 30.0TWh generated from expected 

solar PV installations – 24TWh residential and 6TWh commercial. Approximately 9.5TWh of 

new demand is coming from the Gladstone coal seam gas (CSG) liquefied natural gas (LNG) 

projects in Queensland, which are ramping up over the next 2-3 years. 
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INDUSTRY & COMPANY IMPLICATIONS 

• We expect electricity generators will experience lower volumes and significantly lower 

peaking revenues, making them unattractive from an investment growth perspective.  

• Transmission and Distribution companies will also experience lower volumes, however, their 

revenues are regulated and so we do not expect a material drop in earnings. They also have 

opportunities to use batteries to reduce network augmentation and network costs, and so 

could potentially be attractive investments given current negative market perception.  

• The energy retailers will experience lower volumes and lower average revenues, which are 

expected to more than offset any new revenues from solar and battery sales. Retailers that do 

not adapt will struggle. Opportunities exist in leasing and managing residential solar and 

batteries to maintain long-term relationships with households as well as enabling better 

management of generation and network loads.  

• Reduced transport fuel sales volumes as a result of EV’s is unlikely to impact the transport 

fuel retailers in the medium-term. Investment opportunities exist such as Caltex.  

• The owners and developers of solar and battery technology, as well as companies that 

maximise the efficiency of these systems through software, have the potential to do well. 

Industry structure is, however, changing and the winners will need to establish higher 

barriers to entry through scale and intellectual property (IP) rights if possible. There are a few 

emerging companies like Sunverge, Reposit and Edge Electrons to watch. 

 

Figure 30 – Estimated Industry and Company Implications 

 
Source: Arnhem Investment Management 
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Acronyms and Glossary 

Anode The negative electrode at which oxidation reaction occurs 

electrode when discharging (positive when charging) 

Cell (Battery) Basic electrochemical unit used to store electrical energy as 

chemical energy or to create electrical energy from chemical 

energy. It consists of two electrodes separated by an electrolyte. 

BEV Battery Electric Vehicle 

Capacity (of battery) Amount of energy that can be delivered in a full discharge – 

expressed in amp-hours (Ah), milli-amp-hours (mAh) or watt-

hours (Wh): Wh = mAh x Volts/1000 

Capacity (Rated) The total charge that a battery or cell can obtain when fully 

charged under specific conditions – expressed in Ah 

C&I Commercial and Industrial 

Cycle life (of battery) or Lifetime The number of cycles that a battery or cell can be charged and 

discharged (under certain conditions) until the available capacity 

falls to a certain level – typically 80% of rated capacity 

Depth of Discharge (DoD) How much a battery is discharged relative to its total rated 

capacity – most batteries qualify Cycle Life at a specified DoD. 

The higher the DoD the more quickly a battery will degrade. 

Efficiency (of battery) Proportion of energy put into a battery during charging that is 

available to be released during discharging 

Energy Density (of battery) Amount of energy stored in a battery per unit of volume or mass 

EV Electric Vehicle 

GWh Gigawatt Hour 

HEV Hybrid Electric Vehicle 

ICE Internal Combustion Engine 

kWh Kilowatt Hour 

LCOE Levelised Cost of Electricity – compares different methods of 

electricity generation on a like-for-like basis 

MWh Megawatt Hour 

NCA Nickel Cobolt Aluminium – a type of Lithium-Ion battery 

chemistry 

NEM National Electricity Market 

NMC Nickel Manganese Cobolt Oxide  – a type of Lithium-Ion battery 

chemistry 

PHEV Plug-in Hybrid Electric Vehicle 
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RAB Regulated Asset Base 

Specific energy (of battery) Gravimetric energy storage density of the battery or cell expressed 

as Watt-hours per kilogram (Wh/kg) 

Specific power (of battery) Gravimetric power density of the battery or cell expressed as 

Watts per kilogram (W/kg) 

STC Small-scale Technology Certificate (renewable credit) 

TWh Terrawatt Hour 

 

 


