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Early rooftop solar systems in the 1960s were rudimentary, mainly heating water for domestic use. 
By the early 2000s, solar photovoltaic (PV) systems began appearing on residential rooftops, 
marking a shift toward household electricity generation. Most installations were modest—around 1.5 
kW—sufficient for basic lighting and appliances. Today, rooftop solar has evolved into sophisticated 
energy solutions, with capacities from 6.6 kW to 13 kW, often paired with batteries to meet nighttime 
demand and boost energy independence. 

Initially, many systems operated under a Gross Metering model, exporting all generated electricity 
to the grid (Ref 1)  and receiving separate compensation. While beneficial then, it didn’t allow 
households to offset their own energy bills. Over time, regions transitioned to Net Metering systems, 
including Solar Feed-in Tariffs (FiTs), enabling households to feed surplus power into the grid while 
drawing electricity when needed. This shift made solar energy more financially viable and 
encouraged broader adoption. 

Globally, countries have adopted varied strategies to promote rooftop solar. For example, in the 
United States, federal tax credits and state-level incentives have played a crucial role in encouraging 
both residential and commercial solar investments. Despite growing interest in solar-plus-storage 
systems, battery adoption remains relatively low. Currently, only about 2.5% of households with 
rooftop solar systems have installed battery storage. Yet batteries are essential—they store excess 
energy generated during daylight hours, which can then be used during the evening or during peak 
demand periods ( Ref 2). This not only reduces electricity costs but also minimizes reliance on the 
grid. 

The quality and durability of solar components have improved dramatically over the past decade. 
Manufacturers have invested heavily in research and development, resulting in more efficient and 
robust technologies. Organizations such as the Clean Energy Council have also played a vital role 
by enforcing rigorous standards that have helped eliminate subpar components from the market. 

 

Figure 1: Typical Daily Gross Solar Data for January 2025 

However, data availability remains a challenge for households evaluating the economic viability of 
adding battery storage. Key data sources include Gross Power output from the inverter application  
( Figure 1 &2), Net Power, and power imported from the grid—typically provided by energy suppliers 
( Figure 3) . These datasets are essential for understanding consumption patterns and optimizing 
system performance. 
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Figure 2 Typical Daily Gross Solar Data for June 2025 

 

Figure 3 : Typical Import from Grid and Net Solar for January 

 

Figure 4: Monthly Power Generation Highlights Seasonal Variability 

During Winter Solar output tends to decrease ( Figure 4) due to shorter daylight hours and increased 
cloud cover, while electricity consumption often rises due to heating and lighting needs. In such 
scenarios, a standard 6.6 kW system may struggle to meet household energy demands, which can 
average between 20 and 25 kWh per day ( 7500 to 8500kWh annually)   Larger systems, such as 
those rated at 13 kW, are better equipped to bridge this gap, offering improved energy yields during 
low-production seasons. 

Australia’s battery boom has been impressive. As of late 2024, more than 185,000 home battery 
units ( Ref 3) had been installed nationwide, with over 45,000 added during just the second half of 
that year. Approximately 28% of new rooftop solar installations now include battery storage, 
underscoring the growing emphasis on energy  independence.  
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A  study reveals that increasing rooftop solar capacity from 6.6 kW to 13 kW can significantly reduce 
grid dependency, with the larger system achieving complete energy independence throughout May, 
while in June ( Figure 5) typically a more challenging month for solar generation—the 6.6 kW system 
still requires grid support on most days, whereas the 13.5 kW upgrade cuts that reliance down to 
just 40% of the days, highlighting the substantial impact of upsizing solar installations on seasonal 
energy autonomy. 

On heavily overcast days, a 6.6 kW system in Australia may produce anywhere from 25% to 70% of 
its rated capacity, depending on variables such as cloud density, panel orientation, and geographic 
location. Emerging cloud cover patterns—potentially linked to climate change—can contribute to up 
to a 10% variation in battery storage estimates. This growing uncertainty makes battery systems 
even more essential—not just for storing excess solar energy, but also for ensuring reliable power 
supply on cloudy days and during peak evening usage. 

In contrast, during seasons like summer, spring, and autumn, a typical 6.6 kW ( Ref 3) system 
coupled with battery storage is generally sufficient to meet overnight energy requirements. 
Increasing the panel capacity from 6.6 kW to 13.5 kW significantly reduces the number of days the 
system needs to import power from the grid ( Figure 6) , as illustrated in recent performance data. 

By analysing consecutive weekdays and weekends across each season, an estimated annual 
savings of approximately $1,250 can be achieved. It is assumed that during spring, summer and 
autumn, the battery can fully meet power requirements, while in winter, up to 40% of the demand 
can be covered. These projections support the economic viability of adding a 20-kWh battery to a 
rooftop solar system. 

An effective strategy for optimization involves selecting the most suitable panel size based on 
available roof area—13 kW for the study area—and pairing it with an appropriately sized battery, 
such as 20 kWh, to maximize solar energy utilization. It’s important to note that to meet energy 
demands during winter months—particularly June ,July and August —the panel size may need to be 
increased, even though such capacity isn't necessary during summer, spring, and autumn. 
Fortunately, any excess energy produced is purchased by the energy provider, so there is no 
financial loss. 

 

 

Figure 5: Energy Requirements  from Grid 
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Figure 6: Shortage of Power from Rooftop Solar in Winter 

There is compelling evidence that households without solar can face electricity bills as high as $1500 
per quarter during winter, and about half that during summer. These households stand to benefit 
significantly from a combination of solar panels and battery storage. By selecting efficient home 
appliances ( Ref4 ) and carefully planning energy usage, substantial savings in electricity bills can 
be achieved.  

Rooftop solar has come a long way since its humble beginnings. Driven by technological innovation, 
supportive policies, and a growing public commitment to sustainability, it now plays a central role in 
modern energy strategies. With continued investment in smart technologies, battery storage, and 
regulatory frameworks, rooftop solar is not only meeting today’s energy needs—it’s laying the 
groundwork for a more resilient, decentralized, and climate-conscious future. Photovoltaic roofs            
( Ref 5) , a subset of rooftop solar systems, integrate solar cells into the roofing structure itself, 
enhancing both energy efficiency and building aesthetics. 
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