
Case Study: Solar + Tesla Powerwall - A New User’s Perspective in 2021

Domestic solar panels have been available for many years, but they only produce energy during
daylight hours which is frequently not when the home is using most energy. That energy has to be
consumed as it is generated, with any surplus being exported to the grid. Battery systems to store
surplus generated energy for later use have become more affordable, with a number of battery
systems available. This article will describe the author’s experience of using the Tesla Powerwall
as part of a new domestic solar plus battery system.

Reasons to invest in a home battery storage system

The primary reason to have a battery is to store surplus solar generated energy for use when the
sun has gone down, which reduces grid energy costs. For exported energy the old FIT (Feed In
Tariff) has been replaced by the SEG (Smart Energy Generation) payment scheme, with various
export tariffs being offered by a number of energy companies. Payments generally range between
3p and 5.5p per unit of exported energy, compared with typical import tariffs of 17p-20p per unit
and around 10p-12p for off-peak. Thus it makes sense to self-consume as much of the generated
energy as possible using battery storage. A battery system may also provide the option of charging
from the grid during off-peak periods e.g. economy 7 night rate, for use during the higher normal
rate period, which reduces energy costs.

A secondary benefit of a battery system is that the home can continue to run from stored energy in
the battery in the event of a power cut, if the system supports that capability.

Tesla Powerwall Overview

Powerwall (https://www.tesla.com/en_gb/powerwall)  is composed of a battery unit  and a control
Gateway. Specifically, the products being used here are the second generation Powerwall 2 AC
and the Gateway  2.  The  battery  imports  mains  voltage  AC for  charging  and  incorporates  an
inverter  to  generate  mains  voltage  AC  output.  The  specifications  state  that  it  can  provide  a
maximum output of 5kW, with a burst capability of 7kW. Tesla specify the usable capacity of the
battery as 13.5kWH (note that some systems state a battery capacity but place restrictions on how
much of that can be used). Powerwall has an integrated cooling/heating system to maintain the
battery at an optimum operating temperature to maximise efficiency. The Powerwall Gateway and
battery units can be mounted internally e.g. inside a garage or externally. Up to ten battery units
can be connected together to provide a higher capacity array.

The Gateway is typically connected between the electricity meter and the consumer unit for whole-
house supply, though other configurations are possible. The Gateway monitors and controls the
flows of energy being consumed by the house, energy being generated by the solar system, the
energy going into or being drawn from the battery and the energy being imported from or exported
to the grid.  It  also provides the capability to switch seamlessly (or near-seamlessly) to run the
house from the battery, isolated from the grid, in the event of a power cut.

The Powerwall system requires an internet connection to the home broadband service using either
WiFi or, preferably,  ethernet cable. This is used to communicate real-time system performance
information to the Tesla servers and to support software and configuration updates. An app running
on Apple iOS or Android (see later) is used to monitor and control the system. Tesla do not provide
a website interface with equivalent functionality to the app.
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The Installation

The Installation is shown in figure 1. The Gateway 2 and Powerwall 2 units are fitted inside the
garage. The Gateway 2 is below the smart meter and main house fuse. The main house fuse was
required to be upgraded to a minimum of 80A (from the original 63A). The 6kW inverter for the
6.4kW (peak) solar panel array can be seen above the Powerwall battery unit. The array of 16
panels is mounted on a south-facing roof. A pair of ethernet ports were installed that connect to the
home broadband network, one of which is used by the Powerwall and the other by the Solar panel
and inverter system. Several isolator switches are provided to allow various parts of the installation
to be disconnected for maintenance. Above the isolator switches is a myenergi Eddi unit that is
configured to divert some exported solar energy to an immersion heater to top up hot water as
required, reducing gas consumption for water heating. For solar installations with a peak power
output above 3.68kW, permission to connect to the grid has to be sought from UK Power Networks
(UKPN). In this system, UKPN specified an export power limit of 5.4kW, so a limiting device is
installed to throttle the inverter output as required.

Using the Powerwall

When the system is commissioned by the installer, the owner will download the Tesla app to their
phone and/or tablet and complete the registration of their Tesla account. The app (Apple iOS in this
case) has a main screen (Figure 2) that shows the charge status of the battery and links to several
sub-pages.

“Power Flow” view (Figure 3) shows how energy is flowing between the various sources and sinks
in real-time, with little dots moving along the lines to show direction of flow. Tapping on one of the
nodes e.g. Home presents a screen (Figure 4) showing a graphical representation of the energy
consumed by the home so far on the current day or on any previous day, week, month, year or the
lifetime of the system. Tapping on the other nodes, such as Solar, Battery or Grid will superimpose
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Figure 1: Powerwall Installation



or remove the charts for those nodes. Scrolling the screen up reveals summary energy data for
each displayed node. Finally there is an option to download a variety of system performance data
 in CSV (Comma Separated Values) file format.

Power Flow Graph View Example

In this example from early March, solar (yellow) starts 
generating around 7am, peaking at 4.7kW just after midday. 
The house load is shown in blue. Powerwall is shown in 
green. Before 7am, it is providing the house demand. Solar 
takes over and quickly starts charging the battery. Around 
midday the battery is fully charged and surplus solar is 
exported to the grid (grey). Around 5pm, solar generation 
ceases and the house load is supplied by the battery for the 
rest of the day and overnight.

On this day, home consumption was 10.6kWH, solar 
generated 23.1kWH, the battery received 10kWH charge 
and supplied 6.2kWH. Grid consumption was just 0.5kWH 
and 9.1kWH was exported.

“Performance” view (Figure 5) provides a screen that gives a visual summary of how much the
home  has  been  self-powered  (by  battery  and/or  solar)  and  the  “Solar  Offset”  shows  solar
generated energy as a percentage of home consumption. On a sunny day the Solar Offset can
exceed 100%, depending on the capability of the solar system and the energy consumed in the
home.
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Figure 4: Power Flow Graph

Figure 2: Main Screen Figure 3: Power Flow Screen



“Backup History” view shows a record of any grid power outages that have been logged. It  is
understood that if an outage lasts longer than 5 minutes, a message is sent to alert the owner, but
such an event has not yet been experienced.

Finally, the “Customize” screen (Figure 6) provides a number of options for the owner to configure
the operation of the Powerwall.  The “Backup-only” option maintains a full charge in the battery
(drawing on solar or grid as appropriate) to be used in the event of a power cut. “Self-powered”
uses any surplus solar generated energy to charge the battery, which is then used to power the
house when solar power is insufficient or absent. A percentage charge to reserve for backup power
can be set. After a few days, when the Powerwall has observed the energy behaviour of the home,
an additional “Advanced” option is added to the app. This allows the owner to specify periods of
different  grid  energy cost  through the day e.g.  economy-7 high/low rates.  The system tries to
anticipate  when  it  needs  to  put  some  charge  into  the  battery  during  the  low-rate  period  to
supplement likely solar charge to minimise use of peak-rate electricity from the grid.

Living with solar + Powerwall

These notes cover a five month period from December through April following system installation
late in November 2020.

The first surprise was how much energy can be generated even on overcast winter days. For the
first two months (December and January), “Self-Powered” mode was used to get a feel for the
system behaviour. On nearly all days, solar energy could run the background load of the home
(200W-300W) during the daylight hours, approximately between 09:00 and 15:00, and also put a
small to medium charge into the battery. The battery would then run the home from sunset until
late afternoon or into the evening. On occasional very sunny days the battery acquired sufficient
charge from solar generation to run the home through until the solar system started generating
again the next morning. In February, the system was re-configured to use “Advanced Cost-saving”
mode to take advantage of economy-7 night-rate electricity to put some “pre-emptive charge” into
the battery as determined by the algorithms in Powerwall.
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Figure 5: Performance Screen Figure 6: Customize Screen



Note that power fed to the immersion heater by the EDDI controller is taken from exported energy
on the grid side of the Powerwall. Thus this is not included in Powerwall direct solar or battery
output house consumption statistics.

A summary of house energy consumption from energy sources is shown in Graph 1. The grid
component (green) is grid energy directly supplying the house. Solar (red) is direct consumption of
generated solar.  The battery supply  (yellow) is consumption from the battery,  but  some of  the
energy stored in the battery may have been supplied from the grid (see later).

During December and January the system was operating in Self Powered mode, so the battery
was solely charged to some degree by surplus generated energy, but not from the grid.  Solar
provided around 40% of the home consumption, but less than half of this was directly consumed.
The Powerwall more than doubled the self-consumption of generated energy.

From February, Cost Saving mode was started, so that during some overcast periods (e.g. when
snow covered the panels), energy was drawn from the grid overnight to put some charge into the
battery during the economy 7 night rate period. Thus, while direct solar consumption increased due
to longer daylight hours, the Powerwall was providing a much larger contribution.

Graph 1: House Consumption by Energy Source

In March, it can be seen that grid import was a very small component of house consumption, with 
Powerwall supplying more than 50%. In April, which was very sunny, Solar was directly supplying 
around 50% of the house consumption due to longer daylight hours, from around 07:15 to 19:00. 
The battery, now being fully charged from solar during the morning, was also supplying close to 
50%. A nominal amount of grid import, about 4.9kWH, was recorded, some of which is due to brief 
consumption peaks as described earlier. However, the smart meter display was observed to 
indicate brief periods of a small amount of import or export, say 5W, 10W or 50W even when the 
Powerwall was known to be fully supplying the house consumption. The accumulated “phantom” 
import averaged around 100WH (0.1kWH) per day which accounts for most of the recorded import 
for April. The reason for this small “phantom” import and export of energy is not yet known and will 
be explored. Overall it amounts to less than 1% of the total energy used in the house, so is of little 
significance.
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Graph 2 shows where energy generated by the solar panels was fed. In December and January all
energy generated was either directly consumed in the house or was fed to the battery for later use 
in the house. It can be seen that the battery more than doubled the self-consumption of energy 
compared with direct consumption.

Graph 2: Monthly Generated Energy to Destination

In February,  the solar  system was able to fully  charge the battery on some days and surplus
energy  was  exported,  though  overall,  solar  was  only  supplying  around  50%  of  the  house
consumption. However, in March and certainly in April the house demand was essentially fully met
from solar generation. The stronger sunlight and longer days resulted in a significant surplus of
generated energy which was exported (and used to top up hot water, see Figure 7).  Additionally,
the export power cap of 5.4kW was observed to be operating on a number of days during March
and April.
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Figure 7: EDDI screen – water heated, 1.67kWH used



In  Graph 3,  Solar  Offset  is  a  Tesla  measure of  generated energy  as  a  percentage  of  house
consumption. Self Power (Tesla measure) is the sum of direct solar and battery energy output as a
percentage of house consumption (though some of the battery energy may have come from the
grid). Own Use is the percentage of home consumption supplied by solar generation either directly
or indirectly via the battery.

In February, some of the battery charge was drawn from the grid by the Powerwall at night rate
using its “smart” charging algorithm. In March and April, energy import from the grid was negligible.
Own Use is  the percentage of  energy consumed that  was solar  generated,  i.e.  not  directly or
indirectly supplied by the grid. Also note that in February nearly a third of generated energy was
surplus  and  exported  because  the  house  needs  were  being  met,  the  battery  had  been  fully
charged and hot water topped up.

Overall,  the addition of the Powerwall more than doubled the amount of generated energy that
could  be  self-consumed  during  the  two  core  winter  months.  Direct  solar  and  battery  output
combined  provided  about  40%  of  household  consumption  on  average.  In  February,  with
lengthening daylight hours and stronger light, the combination of direct and battery output provided
78%  of  consumed  energy,  about  50%  being  self-generated  and  28%  from  pre-emptive  grid
charging  at  night  rate  cost.  In  March  and  April,  the  amount  of  energy  generated  significantly
exceeded the house consumption, with Solar Offset being around 160% and 290% respectively.

Graph 3: Monthly Solar Performance

As noted earlier, Tesla specifies the maximum power output from the Powerwall as 5kW. This has
been observed on occasions when the simultaneous demands of several high-power appliances
exceeded available direct solar power plus the 5kW Powerwall limit, with the balance then being
drawn from the grid. Typically this extra load lasts only for a few minutes until the peak reduces
below 5kW again.  When Powerwall  is  being charged,  the peak charging power observed was
around 3.5kW-3.7kW.

Powerwall can provide backup power to the home in the event of a grid power cut. This was tested
by opening the main isolator between the smart meter and the Powerwall system when different
levels of power were being consumed (from 200W to several kilowatts). In each case flow of power
to the house was uninterrupted. There were also a few brief “real” grid outages in December. On
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these occasions, the house lost power for a few seconds until the Powerwall restored power. In all
cases, when grid power was restored, there was no observed effect on the supply of power to the
house.

The  heating  and  cooling  system  in  the  battery  unit  does  produce  some  noise  under  certain
conditions, but this has been observed to be not much louder than the noise level from the garage
chest freezer. 

Impact on Energy Costs

As noted, an Economy 7 dual-rate tariff has been used during this case study period. The monthly
saving in energy costs following system installation compared with preceding months was 19%,
27% and 55% for December-February respectively. Part of the larger reduction in grid import cost
in February is a result  of  reduced day rate consumption due to pre-emptive night  rate battery
charging. The algorithm appears to use historic behaviour to predict charging requirement, rather
than  having  access  to  a  weather  forecast.  Accordingly,  there  were  occasions  when  weather
transitions from bright days to dull days and vice-versa resulted in insufficient or excessive pre-
emptive charging. Overall, though, the system has worked well. It is worth noting that as variable
grid consumption costs reduce, the fixed standing charge becomes the dominant or only cost. This
can be offset to some degree by income from energy export. In March and April,  the imported
energy cost was close to zero, with only the daily standing charge remaining. The SEG export tariff
was not yet in operation by the end of April, but had it been, the income would almost completely
have covered the monthly standing charge in March and would have provided a net income in
April.

Some energy suppliers have introduced dynamic pricing and smart tariff options that can be used
to take advantage of solar and battery storage systems. Examples are the Octopus Tesla Energy
Plan, Flexible Octopus and the Tide Tariff  from Green Energy UK. The Tesla Energy Plan is a
particularly novel option in which Tesla take control of charging and discharging of the Powerwall
as a “Grid Storage Resource” coupled with a tariff administered by Octopus Energy. At the time of
writing, this offers a flat rate of 11p/kWH for both import and export and no daily standing charge.
If  you also have a Tesla car,  the rate is 8p/kWH and charging of the car is also managed. A
calculator on the Octopus website allows the annual energy cost or net income to be estimated
based on the solar system capacity and home energy consumption figure.

Carbon Benefit Thoughts

Electricity suppliers now commonly claim fully green energy sources, so discussion about carbon
savings from this installation might be considered moot. However, it is still worth exploring some
numbers.

Estimates from the solar system supplier and electricity consumption records:

Annual solar generation: 5530kWH
CO2 saving (see below): 2377.9kg @ 0.43kg/kWH, 1305.1kg @ 0.236kg/kWH
Annual house consumption: 3468kWH
Surplus generated energy: 2062kWH

Note that 0.43kg/kWH CO2 intensity was a system supplier  estimate, presumably produced by
system design software.  However,  MyGridDB (https://www.mygridgb.co.uk) which monitors grid
generation source mix and CO2  intensity reports a lower average figure of 0.236kg/kWH over the
past 12 months.

The solar system was designed with the intention of also being used to charge an electric vehicle
(EV) in the near future. Surplus solar energy will not be available for all months of the year and will
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be more than required for EV charging during some of the year, so we will arbitrarily assume that
50% of the surplus (1031kWH) can be used for EV charging. EV efficiency data for a wide range of
electric  cars  can  be  found  on  the  ev-database  website  (https://ev-database.uk).  Taking  two
relatively  efficient  popular  vehicles,  the Renault  Zoe is  rated at  0.27kWH/mile,  while  the Tesla
Model 3 Long Range AWD is rated at 0.245 kWH/mile.

Surplus for EV charging: 1031kWH (50% of surplus solar)
Driving distance for Zoe: 3819 miles (using 0.27kWH/mile)
Driving distance for Tesla: 4208 miles (using 0.245kWH/mile)

The EV will replace a mid-sized Mazda diesel Internal Combustion Engine (ICE) car. Using records
for fuel consumption and manufacturer’s emissions figures, we can estimate the carbon emission
savings. Diesel has a calorific value of about 11kWH/litre from which we can estimate the efficiency
to be 1.16kWH/mile.

Diesel car fuel consumption: 43mpg (records)
CO2 emissions: 0.27kg/mile (manufacturer’s data)
Diesel calorific value: 11kWH/litre (http://www.withouthotair.com/ pp 29-31)
Vehicle Efficiency: 1.16kWH/mile (using mpg and calorific value)

Driving distance for 1031kWH is therefore 887 miles, with CO2 emissions of 257kg.
Driving 4000 miles (average of Tesla and Zoe for 1031kWH) gives CO2 emissions of 1159kg

Overall, potential CO2 reduction could be 2377.7kg from grid + 1159kg ICE emissions = 3536.7kg,
or 2464.1kg using the lower grid intensity figure.

Incidentally, replacing 4000 miles of diesel consumption with free EV charging would save around
£515, assuming an average price of £5.54/gal and 43mpg (figures from records).

Comments and Conclusions

Early impressions of the solar+Powerwall system have been very positive.  As noted earlier, the
solar generation output in the winter months was pleasingly greater than anticipated. During these
months self-consumption of generated energy approached  250% greater than  would have been
the case without the battery, demonstrating the benefit of energy storage. 

Smart Export Generation (SEG) tariffs are currently much lower than import tariffs, so consuming
as  much  self  generated  energy  as  possible  is  beneficial.  Additionally,  in  February  smart  pre-
emptive battery charging moved some of the remaining grid consumption to the cheaper night rate
period, further reducing energy costs and also providing some load-shifting benefit to the grid. The
ability to run off-grid in the event of a power cut is reassuring and having some control over how
much backup capacity is retained for such events is useful.

Significant savings in electricity costs have already been demonstrated even before the summer
months. Return on investment and break-even time were not prime drivers in this installation, but
might  be  a  stronger  factor  in  system cost  for  some.  The  maximum saving  achievable  would
obviously be the full annual cost of electricity supply, plus any additional income from solar export.
If some surplus is used to charge an EV, there would most likely be useful additional savings in
ICE fuel costs. The brief analysis of potential CO2 reductions showed some significant benefits,
especially if some of the solar generation output can be used to run an electric vehicle. A more
comprehensive analysis covering the full carbon cycle would be interesting but is out of the scope
for this case study.

This  case  study  only  covers  the  first  five  months  of  the  solar  plus  battery  system.  It  will  be
interesting to do a review after a full year of operation, so watch this space...
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