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Foreword 

This is my sixth annual report tracking the progress we are making toward my family’s goal to 
become a Fossil Fuel Free, and Net Zero Emissions, Family.  As far as possible I have kept this 
document in the same format as the earlier annual reports to allow easy comparison across the 
years. 

I retired from work and moved into our current house in 2012.  Therefore 2022 is an important 
10-year milestone for my family.  In the decade we have lived here we have gone from being a 100% 
fossil fuel-based household to one that is essentially fossil fuel free when considering direct energy 
use in our house.  While our main family car has been an EV for eight years, we still own a small 
petrol car that now dominates our family direct carbon footprint. 

Having hit the decade mark, I am thinking that this will be the last year I report in this format.  In the 
early years we made significant new investments in our energy systems each year but inevitably, as 
we have come closer to reaching our goals, the rate of change has slowed dramatically.  Hence our 
energy use patterns are now looking very similar from year to year.  I believe this calls for a different, 
and more succinct, style of reporting. 

In many ways 2021 was little different to 2020.  In both years Covid dictated much of our activities 
(eg working from home, restricted travel) and at many points in the year to me it felt like time was 
standing still.  Nevertheless, we had a huge win when we bought a Tesla Model 3 in March.  At last 
we have an EV that can truly replace (and better) a petrol car! 

 

Dave Southgate 

Canberra 

February 2022 

 

 

 

 

 

 

 

 

Author: Dave Southgate is a retired environmental bureaucrat who spent more than 30 years 
working in pollution control areas in Australian State and Federal Governments.  In the last decade 
of his career he primarily focussed on developing climate change control strategies.  His family 
energy transition is a personal project attempting to put in place, and document, steps households 
can take to attain a net zero carbon footprint.  He has no commercial interests in any of the products 
he refers to in his reports.  
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Background 

Over the past eight years my family has been working toward becoming fossil fuel free (FFF) by 
transitioning our household energy use.  We are aiming to be in a position where, as a family, we 
make no direct use of fossil fuels, which effectively means not buying any grid electricity, gas or 
petrol.   I wrote about the beginning of this journey in my book Our Household Energy Transition: 
Becoming a Fossil Fuel Free Family (my ‘Transition Book’) which I released in February 20151.  

In that project initiation book I provided information relating to our household energy use and 
carbon footprint for the three years 2013, 2014 & 2015.  We moved into our house in late 2012 and 
I treat 2013 as our baseline monitoring year – we took our first steps to actively reduce our carbon 
footprint at the beginning of 2014.  Early in 2017 I produced my first annual report on the project’s 
progress (my 2016 Annual Report).2  That report essentially updated the earlier information to 
include data on 2016 and also included some commentary on the actions that we took in that year 
to help us toward our FFF goal.  I subsequently produced similar project annual reports for 2017, 
2018, 2019 and 2020.3,4,5,6 

As indicated in the Foreword, in this 2021 annual report I have deliberately kept the format as close 
as possible to the one I used in my previous annual reports – I have done this not only to make my 
writing task easier but also to facilitate easy comparison between successive annual reports.   

When I set up the project I had hoped that we would be more or less fossil fuel free by 2020 if things 
worked out well.  I have been more than happy with our progress on reducing the carbon footprint 
of our house.  However, we are not fossil fuel free as a household primarily due to the much slower 
development and adoption of electric vehicles than I had hoped for. 

At the end of 2019 I decided to define the period up to that point as Phase 1 of our transition 
project.  We started Phase 2 in 2020 – the key difference was that from that point I decided to 
include our indirect carbon footprint in our carbon calculations and to take steps to manage our 
total carbon footprint so that we would be net zero carbon on an annual basis from that point 
forward. 

I produced our first household carbon footprint report for 2019 in March 2020 and the second 
carbon footprint report for 2020 in March 2021.  I intend to produce a similar report for last year in 
March 2022.  

 

 

1 Our Household Energy Transition: Becoming a Fossil Fuel Free Family. Dave Southgate. Feb 2016: 
https://southgateaviation.files.wordpress.com/2016/02/transition-final3.pdf  
2 Household Energy Transition: 2016 Annual Report. Dave Southgate. Feb 2017: 
https://southgateaviation.files.wordpress.com/2017/02/annual-report-2016final.pdf 
3 Household Energy Transition: 2017 Annual Report. Dave Southgate. Feb 2018: 
https://southgateaviation.files.wordpress.com/2018/02/2017-annual-report.pdf 
4 Household Energy Transition: 2018 Annual Report. Dave Southgate. Jan 2019: 

https://southgateaviation.files.wordpress.com/2019/01/annual-report-2018-final.pdf 
5 Household Energy Transition: 2019 Annual Report. Dave Southgate. Feb 2020: 

 2019 Annual Report | Net Zero Emissions Household 
6 Household Energy Transition: 2020 Annual Report. Dave Southgate. Feb 2021: 

https://southgateaviation.files.wordpress.com/2021/02/annual-report-final-2020.pdf 

https://netzeroemissions.net/2020/03/08/2019-carbon-footprint-report/
https://southgateaviation.files.wordpress.com/2016/02/transition-final3.pdf
https://southgateaviation.files.wordpress.com/2017/02/annual-report-2016final.pdf
https://southgateaviation.files.wordpress.com/2018/02/2017-annual-report.pdf
https://southgateaviation.files.wordpress.com/2019/01/annual-report-2018-final.pdf
https://netzeroemissions.net/2020/02/02/2019-annual-report/
https://southgateaviation.files.wordpress.com/2021/02/annual-report-final-2020.pdf
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2021 Overview 

Thanks to Covid, 2021 was not a great year.  Having said that, we all stayed fit and healthy 
throughout the year, and our kids progressed well in their education, so I have no real complaints. 

While the COVID restrictions were not particularly onerous for us, they did change our lifestyle in a 
few ways.  My children did home learning for a while and my wife worked from home for some 
weeks.  We probably also did fewer trips down to the coast or Sydney than we would otherwise 
have done.  Over the whole year we managed to get in two short weekend trips away in our 
Model 3. 

This all meant that we while we probably used more energy for heating/lighting when the whole 
family was at home, we also used less energy for transporting everyone to and from school/work.  I 
also believe we used less energy for longer car trips than we would otherwise have done.  I did not 
track this in detail, but I don’t think the Covid factors had any major influence on our overall energy 
use for the year.  

I give a detailed overview of our energy use and direct carbon footprint for our household for 2021 
in the next major section.  Once again petrol is our problem area. 

The project highlight of the year for me was us getting the Tesla Model 3.  In many ways it is has 
been a revelation.  It has far surpassed my expectations.  Fabulous as a family car around town and 
the surrounding areas.  On the three short weekend/holiday road trips that we have managed to 
squeeze in, it has demonstrated how easy it is to ‘road trip’ when you have a decent range EV 
combined with a seamless charging network.  If the growth of EV numbers can be kept in balance 
with the expansion of the charging infrastructure, it is difficult not to see EVs rapidly displacing 
combustion engine vehicles. 
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Summary of 2021 Energy Outcomes 

Overview 

Figure 1 shows the energy type split for our energy use during 2021.  In very broad terms, about 50% 
of our household energy use was from petrol; 45% from our solar PV system; and 5% from grid 
electricity. 

 
 

Our energy consumption patterns and level of use 
changed somewhat between 2020 and 2021.  In 
particular our petrol use increased significantly.  
I believe that this increase is primarily due to our 
son, who turned 18 at the end of 2020, beginning to 
independently use the family petrol car.  Overall, our 
household energy use was about 20% greater in 
2021 compared to 2020. 

As I have commented many times before, it is 
important to note the very significant amount of 
energy we use in the form of petrol even though our main family car is an EV.  For some reason 
many people seem to forget about their family cars when computing their family energy use. 

Figure 1 shows that in 2021 we were about 45% fossil fuel free (the % of our energy consumption 
which derives from our own solar PV).  I envisage that we will more or less retain this (relatively low) 
level of fossil fuel freedom until we purchase a second EV.  If considering electricity in isolation, we 
were about 93% fossil fuel free in 2021.    

Energy Source 
Energy Use 

(kWh) 

Grid Electricity 531 

Self-consumed direct solar PV 5,253 

Self-consumed solar PV (via 
battery) 

2,124 

Petrol 8,223 

Total Energy Use 2021 16,131 

Figure 1: Breakdown of our household 
energy use 2021 

Total Imported Energy 
Consumption 2020 = 8,754 kWh 
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Figure 2 shows a breakdown of our total household energy consumption by use category for 2021. 

 

 

 

 

 

  

 

 

 

 

When compared to last year’s report, the Figure clearly illustrates the significant increase in the 
share of our energy use taken up by our cars in 2021.  Yet again, petrol is the main villain in our 
household energy use (irrespective of the fact that our EV is our main family car).  Despite an 
increase in energy use in providing thermal comfort (see Chapter 4), the absolute amount of energy 
that we expend on thermal comfort remains very low compared to most Canberra households. 

 

Figure 3 shows the breakdown of our household electricity use by source.  This figure shows an 
almost identical picture to our energy source breakdown in 2020 – this simply reinforces the earlier 
comments that 2021 was essentially a year of being in holding pattern as far as our house (as 
opposed to our car) energy use was concerned.  Our total daily electricity consumption in 2021 
(solar + grid) (22 kWh/day) remained at broadly similar levels to previous years and to the average 
daily electricity consumption in Australian households.  [This demonstrates that we are not having to 
be ‘energy misers’ in order to achieve our carbon goals – we are doing this by the way we manage 
our electricity generation/consumption.] 

Figure 3: Breakdown of our household electricity 
sources in 2021 

Average daily electricity consumption 
in 2021 = 22 kWh/day 

Figure 2: End use category 
breakdown of our 
household energy 
consumption 2021 
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Disaggregating the data 

In order to place the 2021 data in context, and to allow tracking of changes, the next six Figures are 
extensions of, and/or extractions from, Figures that I included in the Transition Book and in the 
Annual Reports for 2016, 2017, 2018, 2019 and 2020. 

While I have very solid data for total electricity use, as usual I have had to make some assumptions 
in allocating energy use data to disaggregated categories.  However, our monitoring systems are 
now quite stable and I am reasonably confident that the level of accuracy of my main power drawing 
circuits is solid.  I discuss any important monitoring issues in Chapters 2 to 5.   

All CO2 data for electricity use for 2021 is based on the 2021 emission factors for NSW/ACT published 
in the 2021 Australian Greenhouse Accounts (the Australian Government updates this publication 
each year).7  The published emission factor for petrol is generic across Australia. 

Imported Energy (grid electricity, gas, petrol) 

Figure 4 shows our household consumption of directly purchased energy for 2021. [the Figure only 
shows our imported energy data – it does not include the consumption of our own solar PV 
electricity.]  

 

 

7 National Greenhouse Accounts Factors 2021: National Greenhouse Accounts Factors: 2021 | Department of Industry, 

Science, Energy and Resources 

 
 

Year 
Grid Electricity Gas Petrol Total  

kWh CO2 (kg) kWh CO2 (kg) kWh CO2 (kg) kWh CO2 (kg) 

2013 1,790 1,539 8,466 1,559 16,206 3,888 26,462 6,986 

2014 4,128 3,550 8,426 1,552 4,964 1,191 17,518 6,293 

2015 4,945 4,249 1,460 269 4,964 1,191 11,369 5,709 

2016 3,735 3,137 - - 4,964 1,191 8,699 4,328 

2017 2,757 2,604 - - 4,964 1,191 7,721 3,795 

2018 653 535 - - 9,308 2,258 9,961 2,793 

2019 1,113 902 - - 7,990 1,938 9,103 2,840 

2020 474 384 - - 5,168 1,254 5,642 1,728 

2021 531 419 - - 8,223 1,995 8,754 2,414 

% Change 
2021/2020 

12% 9% - - 59% 60% 55% 40% 

Figure 4: Household imported energy use in 2021 
compared to earlier years 

https://www.industry.gov.au/data-and-publications/national-greenhouse-accounts-factors-2021
https://www.industry.gov.au/data-and-publications/national-greenhouse-accounts-factors-2021
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The significant increase in the amount of petrol we used over the year simply reflects the changes in 
the use of our petrol car due to changing family circumstances – I discuss this in Chapter 2.   

It is important to note that many of the energy and carbon reductions that we made between 2015 
and 2016 were made in the context of the quite dramatic changes we made to our household energy 
set-up in 2015.  However, we are continuing to make incremental changes in our household energy 
set-up which I believe will result in important changes over time, recognising that there will be 
annual fluctuations depending on temporal changes in circumstances.  

Energy End Use 

Figure 5 shows the end use breakdown for our household total energy use in 2021 compared to 
previous years.  As touched on above, the most notable change from 2020 is the more than 40% 
increase in the amount of energy we used in our cars.  Based on this data it appears that our family 
use of hot water may be stabilising as our children grow into young adults. 

 

While still low in absolute terms, our energy use for thermal comfort in 2021 was the highest for five 
years. 

The data in the ‘Other’ column is computed by difference.  Energy use in each of the end use areas 
shown in the Figure is discussed in Chapters 2 to 5.  

 

Year 
Hot Water 

(kWh) 

Thermal 
Comfort 

(kWh) 

Cars 
(kWh) 

Other 
(kWh) 

Total 
(kWh) 

2013 2,920 6,194 16,206 1,142 26,462 

2014 2,555 6,463 7,581 1,338 17,937 

2015 2,213 1,995 7,396 2,109 13,713 

2016 1,733 983 7,482 2,516 12,714 

2017 1,782 569 7,655 2,718 12,724 

2018 1,692 342 11,914 2,223 16,271 

2019 2,040 367 10,695 2,249 15,351 

2020 2,417 676 7,403 2,871 13,367 

2021 2,451 755 10,501 2,424 16,131 

% Change 
2021/2020 

1% 10% 42% -16% 21% 

Figure 5: End use household total energy consumption for 
2021 compared to earlier years 
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When discussing our energy use, I usually like to think in terms of daily consumption for the separate 
end uses.  I show the daily energy use data for 2021 for our key energy uses in Figure 6. 

 
 

 

 

 

 

 

Energy Generation (solar PV) 

Figure 7 provides data for our solar PV generation and export over the period 2013-2021.  We added 
a new 6kW solar PV system to our house at the end of March 2020 and therefore I was expecting 
that our solar PV production in 2021 would increase significantly over the previous year but this was 
not as dramatic as expected.  I discuss this in Chapter 1. 

 

 

End Use Daily Energy Consumption (kWh) 

Hot water 6.7 

Thermal comfort 4.9 (for the five-month heating season in Canberra) 

EV 7.3 

Petrol car 22.5 

Year 

Solar PV   
Total 

Production 
(kWh) 

Imported Energy 
Consumed  

Exported Electricity  
Net CO2 

Footprint  
(kg) 

kWh CO2 (kg) kWh CO2 (kg)* 

2013 2,772 26,462 6,986 2,772 2,384 -4,602 

2014 4,906 17,518 6,293 4,476 3,849 -2,444 

2015 10,980 11,369 5,709 8,863 7,622 1,913 

2016 12,251 8,699 4,328 8,265 6,942 2,614 

2017 14,119 7,402 3,795 6,413 5,323 1,528 

2018 15,225 9,961 2,793 8,613 7,063 4,270 

2019 15,421 9,103 2,840 9,169 7,427 4,587 

2020 19,320 5,642 1,728 11,595 9,392 7,664 

2021 20,323 8,754 2,414 12,572 9,932 7,518 

% Change 
2021/2020 

5% 55% 40% 8% 6% -2% 

Figure 6: End use energy consumption for 2021 broken 
down to daily figures 

Figure 7: Summary of our solar PV production in 2021 
compared to earlier years 
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Consistent with previous years, in computing the CO2 data shown in the table it is assumed that each 
kWh of solar PV (ie zero carbon) electricity which we export displaces one kWh of grid electricity (ie 
predominantly coal based electricity) somewhere in the network.  

Costs 

The data in Figure 8 is derived from our household electricity bills and includes the electricity and 
gas supply charges.  We disconnected our house from the reticulated gas supply system in 
December 2015.  We paid approximately $400 for electricity supply charges in 2021 – about 75% of 
our total electricity bill.   

It can be seen that our net energy costs for the year in 2021 were around zero (ie our income from 
our solar exports more or less equalled out outlays for electricity and petrol).  [I did not have 
individual receipts for our petrol purchases and I therefore was only able to approximate the cost of 
our petrol use for the year – I assumed that we paid $1.50/L for petrol on average throughout the 
year and the i30 used 8.5L/100km]. 

 

 

 

Despite an increase in solar PV export in 2021, the credit from solar did not rise because the 
feed-in-tariff dropped from 11c/kWh to 8c/kWh in mid-2020. 

 

Year 
Electricity 

($) 
Gas ($) Petrol ($) 

Total Fuel 
Bill 
 ($) 

Credit from 
Solar ($) 

Net Fuel Bill      
($) 

2013 475 991 2,558 4,024 1,241 2,783 

2014 766 1,112 780 2,658 902 1,756 

2015 1,085 488 676 2,249 1,495 754 

2016 886 - 676 1,562 1,559 3 

2017 818 - 676 1,494 1,742 -248 

2018 499 - 1,365 1,864 1,811 53 

2019 617 - 1,153 1,770 1,859 -89 

2020 490 - 702 1,192 1,962 -770 

2021 495 - 1,356 1,851 1,931 -80 

% Change 
2021/2020 

1% - 93% 55% -2%  

Figure 8: Cost breakdown for our household energy 
use for 2021 and earlier years 



11 
 

Carbon Footprint of our Energy Use 

Figure 9 suggests that, with our current energy use settings, our direct energy consumption carbon 
footprint has more or less stabilised.   It is important to read this table in the context of the detailed 
discussions on our patterns of energy consumption in Chapters 2 to 5.  

While there are large relative changes in the size of our carbon footprint in some of the categories, 
the absolute changes are comparatively small.  The ‘Other’ column has been computed by difference 
and I don’t believe the relative changes are meaningful.  I consider these large swings are simply 
highlighting the difficulties of accurately computing the disaggregation between the categories 
rather than identifying major shifts in the composition of our carbon footprint.  Clearly as we 
approach a fossil fuel free status the relative errors in our carbon footprinting are likely to increase.  

 

 

  

Year 
Hot Water 

(kg CO2) 

Thermal 
Comfort 
(kg CO2) 

Cars 
(kg CO2) 

Other 
(kg CO2)  

Total 
(kg CO2)  

2013 538 1,326 3,888 982 6,734 

2014 470 1,376 3,442 1,151 6,439 

2015 435 1,594 3,283 397 5,709 

2016 80 826 3,283 139 4,328 

2017 48 472 1,784 1,491 3,795 

2018 26 280 2,445 42 2,793 

2019 21 297 2,059 463 2,840 

2020 27 223 1,308 170 1,728 

2021 10 596 2,072 342 2,414 

% Change 
2021/2020 

-63% 167% 58% ? 40% 

Figure 9: End use carbon footprint breakdown for 
2021 compared to earlier years 
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2021 Generation: Solar PV 

Our solar PV production and export for the past eight years was summarised in Figure 7.   

Figure 1.1 compares our solar production between 2020 and 2021 broken down by month.   

 

 

We installed our new solar PV system at the end of March 2020.  The increase in output from 2020 
to 2021 is very evident for the first three months of 2021.  For much of the rest of the year, when we 
had the same sized system in place, the differences in output between the years were not significant 
until we reached November. 

In late 2021 there was a La Niña event in place and Canberra had its wettest November on record.  It 
was persistently cloudy.  November solar output dropped by around 25% between the two years. 

Cloudy weather persisted to into December.  While this presumably depressed solar PV to some 
extent in that month, the drop in solar PV output was also due to a fault in one of my solar PV 
systems late in the month (7 of the 17 microinverters in our Enphase system intermittently failed to 
operate).  Given this happened around Christmas/New Year and coincided with us taking a short EV 
holiday up the coast (see Chapter 2) I was not able to get the problem resolved before the end of 
the year.  

Figure 1.1: Comparison of our household 2020 and 
2021 solar PV production 

2021 average solar PV 
output = 56 kWh/day 
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In Feb 2021, when I wrote last year’s report, I said ‘…I anticipate that in a full year the new solar PV 
system will increase our annual solar PV exports by around 40%’.  Figure 7 shows that our solar PV 
production (I think I meant ‘production’ not ‘export’ in my cited comments) went up by around 30% 
between 2019 (before I installed the 6kW system) and 2021.  Maybe my prediction won’t be too far 
off the mark if/when we get another ‘normal’ solar year. 

Self-consumption of solar PV electricity  

In my previous reports I discussed my preference not to focus on ‘self-consumption’ but to think 
more in terms of achieving ‘% grid independence’.  My ultimate goal has been to achieve effective 
independence from the grid as far as electricity is concerned.  I have never aspired for 100% 
independence (ie going off-grid) because I want to be able to input our excess solar PV generation 
into the grid, and have informally been working toward a figure of around 95% independence.  You 
can see from Figure 3 that over 2021 about 5% of our electricity consumption came from the grid 
(ie we achieved about 95% grid independence).  From this point on I expect our level of grid 
independence will hover around this mark and I am comfortable that we can consider ourselves 
effectively ‘fossil fuel free’ as far as our electricity is concerned.   

Figure 1.2 shows how our level of grid independence varied over 2021. 

 

 

 

 

Figure 1.2:  Variation in grid independence over 2021 

2021 overall rate of grid 
independence = 93%  
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The energy use patterns in the image are very much in line with what would be expected.  High grid 
independence for about 9 months of the year but with a significant drop over winter.  The spike in 
grid consumption in June related to ‘filling’ our EV after we took a weekend away at the end of that 
month - we now have an EV with a bigger battery (see Chapter 2). 

Where to now with our solar PV system? 

I don’t envisage that we will be able to add to our solar PV system(s) any time soon.  Having said 
that, if/when community batteries become common it may allow individual houses to have greater 
export limits. 

In the mean-time one step worth taking could be panel cleaning.  I have been closely monitoring my 
panels for some years and I have not detected any significant degradation in output.  This makes me 
wonder about the value of having our panels cleaned.  Maybe I will revisit this if I find our solar PV 
output dropping (obviously I need to compare output under similar conditions (ie same time of day 
and season in the year)).  

An interesting, and unexpected, development in recent months (ie the end of 2021 and early 2022) 
has been the impact of reduced sunshine hours on our solar output.  The advent of La Niña weather 
patterns has been a significant negative for our output.  I assume that, with climate change, events 
such as La Niña are likely to occur more often. 

I noted above that we had a maintenance issue with one of our solar PV systems at the end of the 
year.  As our systems age maybe maintenance will become an issue (though most of our systems are 
well under 10 years old).  If this leads to replacement, it may open up opportunities for some system 
optimisation and being allowed to export more solar PV.  
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Chapter 2 

2021 Consumption: The Cars 
Little did I realise it when I wrote this Chapter in last year’s report that I would be writing a very 
different story this year. 

Firstly, the energy consumption data for our car use.  Like 2020, due to COVID-19 restrictions 2021 
was not a typical year.  Our children didn’t go to school for some weeks and hence the amount of car 
dropping off and picking up was lower than other years.  My wife worked from home for some time 
and therefore her car commuting dropped during the year.  We didn’t take as many weekend trips 
to the coast or to Sydney as we would have done in other years.  However, this was more than 
balanced out by our son getting to the age where likes to borrow my wife’s car to run around town – 
in 2021 our petrol use turned out to greater than not only 2020 but also 2019. 

The energy use for the cars in our household over the past seven years is summarised in Figure 2.1.  
We still have our Hyundai i30 as our petrol car.   

*Note:  I changed the basis for my petrol use calculations for 2018 – hence the sudden jump in 
energy use for our petrol car in that year.   

Year 

Electricity Petrol Total 

Grid 
(kWh) 

Solar (kWh) kWh kWh 

2013 0 0 16,206 16,206 

2014 2,617 0 4,964 7,581 

2015 2,432 N/A 4,964 7,396 

2016 1,007 1,511 4,964 7,482 

2017 714 1,977 4,964 7,655 

2018 228 2,378 9,308* 11,914 

2019 149 2,556 7,990 10,695 

2020 66 2,169 5,168 7,403 

2021 399 1,879 8,223 10,501 

% Change 
2021/2020 

505% -13% 59% 42% 

Figure 2.1:   Energy consumption of our cars 2013-2021 
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The figure of 399 kWh in the ‘Grid’ column in Figure 2.1 includes 301 kWh from public chargers (we 
managed to take three weekend trips away in our EVs during the year). [Some charging providers 
claim they use ‘100% green electricity’, but I have chosen to ignore this for the purposes of this 
report.] 

Of the 2,278 kWh used by our EVs during the year, 1,977 kWh was provided by home charging and 
the remainder (the 301 kWh mentioned above) came from public chargers.  We drew 98 kWh from 
the grid for EV charging and hence the balance (1,879 kWh) came from our solar systems.  In other 
words, for 2021 about 95% of our home charging was solar PV. 

Breakdown of EV energy use 

The annual breakdown of our EV use over the years 2013-2021 is shown in Figure 2.2. 

 

 

It can be clearly seen that overall, the EV energy used, and distance travelled, in 2020 and 2021 were 
only slightly different. 

As discussed below, we changed our Nissan Leaf for a Tesla Model 3 in March 2021.  Up to the point 
of change we travelled 3,491 km in the Leaf and used 553 kWh (15.8 kWh/100km).   In our Tesla we 
travelled 10,019 km and used 1,725 kWh (17.2 kWh/100km) up to the end of the year.  While these 
figures suggest the Leaf was more efficient than the Model 3 they do not portray an ‘apples with 

Year 

Energy Used  

(kWh) 

Distance Travelled 

 (km) 

EV Efficiency 
(kWh/100km) 

2013 - - - 

2014 2,617 ? ? 

2015 2,432 13,381 18.2 

2016 2,518 14,292 17.6 

2017 2,691 15,141 17.8 

2018 2,606 14,631 17.8 

2019  2,705 15,035 18.0 

2020 2,235 13,531 16.5 

2021 2,278 13,511 16.9 

Figure 2.2:   Comparison of EV energy use 2014-2021 
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apples’ comparison since, for example, we used the Tesla throughout winter when EV energy 
consumption is generally significantly higher. 

As also discussed below, we installed a three-phase EV charger in April 
2021 and I cannot use our Solar Analytics monitor for tracking our EV 
charging since it only captures energy use data on one of the three 
phases.  Therefore, as in previous years, the EV energy use data shown 
above was obtained from energy use information displayed on the 
dashboard of our EVs.  The reported energy use has been multiplied by 
1.2 to take account of energy losses in the battery charging process 
(about 20% of the energy input is lost in the charging process). 

Petrol use 

In 2021 our petrol engined Hyundai i30 travelled 10,361 km. I was not able 
to accurately track petrol use throughout the year because, as I’ve already 
mentioned, our son began independently using this car and putting in 
petrol on an irregular basis.  I have therefore assumed a fuel efficiency for 
the i30 of 8.5L/100km which is the figure I was able to quite accurately 
calculate in earlier years.  This translates to 77.4 kWh/100km.  Therefore 
in crude terms our EVs were just over four times more efficient than our 
petrol car (a figure which is very much in line with published comparisons). 

Figure 2.3 compares our EV and ICE energy use and travel distance for 
2021.  About 25% of our car energy use was in the EVs and about 75% in 
the i30 despite the fact that we did significantly more travel in our EVs. 
The contrast is stark!  

 

 

Enter the Tesla Model 3 

For some years now I’ve been emphasising that our main 
impediment to becoming a fossil fuel free family is our use of petrol.  This is of course no different to 
what is happening across the country in general – electricity transition is relatively easy; transport 
transition is much harder. 

In last year’s report I said that I wanted 2021 to be the year of the new EV for our family.  At the time 
of writing that report I had some reservations about the Model 3 and would probably have favoured 
buying another long-range EV if they had been available.  Anyway, cutting out the detailed reasoning 
and events, in March 2021 a wonderful new white (standard range +) Tesla Model 3 (see Figure 2.4) 
arrived on our doorstep on the back of a car transporter.  I must admit I found it a bit sad to say 
goodbye to our (not very old) Nissan Leaf as it went away on the back of the same car transporter.  
We’d had two Nissan Leafs over a period of seven years and had grown very fond of them.  

I will not write a Model 3 review since it must be the most reviewed and YouTubed EV of all time.  
From my perspective the car has far surpassed all my expectations.  It is just brilliant.  I’m so glad 
with the way things have worked out. 

 

 

EV 

25% 

13,500km 

Petrol Car 

75% 

10,500km 

Figure 2.3: Proportion of our total ‘car’ 
energy consumption in 2021: 
EV compared to petrol 
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One of the main drivers of me getting the Model 3 was family pressure.  Amongst many things, I 
guess the Tesla Supercharger network was probably the key attraction.  As a family we had been on 
the EV charging scene at a pretty early stage, and while I had no great problem with the way ‘on the 
road’ charging had been working, it had been less than ideal for my family.  

 

 

To test the Model 3’s road trip capability, we managed to get two weekends away with the Tesla in 
2021, [and a week away up to the NSW north coast in it in early 2022].  Based on our very limited 
experience, I could not be more enthusiastic.  The Model 3, and the associated supercharger 
network, give a wonderful integrated experience for ‘road-trips’.  It also works brilliantly, of course, 
as an urban family car.  I now feel that I have an EV that is equally (well much more) capable than 
any petrol car I have ever owned.    

Direct solar charging – the Zappi 

For some years now, I have been reporting on my direct solarPV charging of our EVs.  It has always 
been my aim to minimise the use of grid electricity when charging our EVs.  When I began trying to 
maximise solar PV charging a few years ago I simply did it by hand.  At any time during the day, 
if/when our solar PV export power exceeded the charge required by the car, I would plug the car 
into one of our normal power sockets.  If/when our solar PV output dropped, say when large banks 
of clouds passed over, I would stop the charging.  This worked to some extent but was extremely 
crude and required me to be there and be prepared to jump up and down for hours of the day. 

Figure 2.4: Our Tesla Model 3 being charged from our 
Zappi in our garage 
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Relatively quickly I automated my charging using the relay capabilities in an Immersun energy 
diverter which I had previously installed to provide our household with solar PV hot water.  I have 
given detailed descriptions of this systems in quite a 
few of my Annual Reports.  When we went 
three-phase in 2019, I had to replace the Immersun 
to accommodate the new three phase 
environment.  I chose to install an Eddi, in essence a 
more developed version of the Immersun, and 
continued to use an automated charging system 
based on relays.  While this system worked very 
adequately, it was not perfect and in April 2021 I 
decided that I would try to optimise our move to 
the Tesla by installing a Zappi EV charger.  The Zappi 
is a member of the MyEnergi family of products 
(which includes the Eddi) and works on the same 
energy diversion principles used by the Eddi to solar 
charge household hot water.  It is a very versatile 
charger, which can be set up to only charge an EV 
with surplus solar PV electricity (ie solar PV 
electricity that would otherwise be exported to the 
grid).  

Figure 2.5 is a close-up shot of the Zappi on the wall 
in our garage.  This can be seen being used to 
charge the Tesla in Figure 2.4. 

The Zappi has turned out to be somewhat of an 
iconic product and seems to be getting positive responses from all over the world.  Particularly in 
these early days of EVs, many people seem to be very keen on trying to run their vehicles on 
‘homegrown’ electricity.  The Zappi seems to have turned what was a small cottage type enterprise 
into a strongly growing international niche manufacturer. 

The Zappi has been an important tool in us being able to achieve the abovementioned figure of 95% 
of our home EV charging coming from our roof.  As far as I am concerned, another very important 
feature of the Zappi is that it is grid connected and therefore ready to act as a smart charger if the 
need arises. 

Without getting bogged down in a long discussion, in my view we need to ultimately aim for an 
electricity system where EVs are connected to the grid and are available to provide energy when 
required to stabilise/support our main electricity supply systems.  This is the thinking behind the 
much publicised (but unfortunately slow to get going) V2G systems.  In the meantime, I am very 
much in favour of EV chargers having to be connected to the grid so that energy distributors have 
the right to turn a charger ‘down’ if there is too great a load on the grid at any one time.  This is no 
different to the requirement imposed on households when new air conditioners are installed in 
some jurisdictions in Australia.  

Another addition to our EV family 

In earlier reports I’ve briefly described the two e-bikes that we had acquired prior to 2021.  I have 
very much enjoyed my now almost three-year old lightweight e-bike and have continually used it on 
my twice weekly group rides. 

Figure 2.5:   The Zappi charger on our 
garage wall  

https://www.evolutionaustralia.com.au/myenergi-zappi-electric-car-charger
https://myenergi.com/our-stori/
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Ever since I bought my e-bike (weighing about 13kg) I have been interested in the concept of 
lightweight e-bikes.  They are a world away from the ‘sit-up-and-beg’ heavy clunker type e-bike that 
my wife has (weighs about 26g).  I was therefore very interested toward the end of the year to 
discover a whole new concept in lightweight e-bikes – the Rubbee X. 

In simple terms, it is a clip-on battery/motor unit which you can attach to the back of almost any 
bike.  I have attached it to my old triathlon bike (see Figure 2.6).  It drives the back wheel by friction 
– this is exactly the same concept that was used quite widely on push bikes throughout Europe in 
the latter half of the last century using (very smelly and noisy) two-stroke petrol engines.  

Without getting into too much detail this idea has many attractive features: it only adds about 4kg to 
a bike’s weight; it can be installed very easily; it can be clipped on and off the bike in a few seconds; 
the unit can be moved between bikes; you can ride your bike as normal if you want an e-bike free 
experience; splitting your e-bike into two parts lets you much more easily transport your bike; etc. 

I was afraid that, being a friction drive, it would be noisy but I would say it’s no noisier than riding on 
the road with a bike that has knobbly tyres.  I was also afraid that the position and weight of the unit 
would affect the handling of my lightweight carbon fibre bike but it seems to handle just fine.  At the 
time of writing I’m still testing the Rubbee X – one possible drawback may be the somewhat limited 
life of the battery inside the sensor which is attached to one of the crank arms (see the Figure). 

The assistance from the unit is very noticeable but it is applied in quite a subtle non-aggressive 
manner.  It is a nice e-bike to ride. 

The Rubbee has attracted a fair bit of attention when I’ve taken it on my group rides.  As far as I’m 
concerned the developers of the product deserve a big hand for being bold enough to bring a whole 
new concept to the market.    

Figure 2.6:  The Rubbee X set up on my old triathlon bike 

https://www.rubbee.com.au/
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Chapter 3 

2021 Consumption: Hot Water 
I discussed our household water heating regime in Chapters 5 & 8 of my energy Transition Book. 

In essence, we have a resistive hot water system which is controlled by a proportional energy 
diverter.  I used an Immersun unit as our energy diverter between 2015 and early 2019.  I replaced 
this with an Eddi diverter in Feb 2019.  I have reported on this in earlier reports.  I did have problems 
with the Eddi in late 2020 and early 2021 – these turned out to be communication problems 
between the system components which I managed to fix by buying the Australian (as opposed to the 
UK) version of the system communications hub.  The system has been faultless since then.  The Eddi 
has also worked well with its brother/sister device the ‘Zappi’ which I discussed in the previous 
Chapter.  

Figure 3.1 shows the overall picture of our hot water energy use and carbon footprint for the past 
nine years.  It can be seen that our annual hot water energy use has been more or less stable over 
the past two years. 

 

 

 

Year 

Electricity Consumed 
(kWh) 

Gas (kWh) 
Total Energy 
Consumed 

(kWh) 

Carbon Footprint 
(CO2 (kg)) Grid 

Sourced  
Solar PV 

2013 0 0 2,920 2,920 538 

2014 0 0 2,555 2,555 470 

2015 207 544 1,394 2,145 435 

2016 95 1,638 - 1,733 80 

2017 58 1,724 - 1,782 48 

2018 32 1,660 - 1,692 26 

2019 26 2,014 - 2,040 21 

2020 33 2,384 - 2,417 27 

2021 13 2,438 - 2,451 10 

% Change 
2021/2020 

-61% 2% - 1% -6% 

Figure 3.1: Comparison of our hot water 
energy use 2013 - 2021 



22 
 

On average we used 6.7 kWh/day to heat our water throughout 2021. 

Figure 3.2 breaks down the 2021 hot water energy use into monthly data.  It also shows how the 
level of grid independence of our hot water electricity varied throughout the year.  We used no grid 
electricity for water heating during ten months of 2021.  In fact,  we only used grid electricity for 
heating our water on two days throughout the year – one day in June and one in July.    

  

 

 

I am aware that we could use less energy for water heating if we replaced our resistive heater 
system with a heat pump, or possibly installed some form of solar thermal system.  From time to 
time I look at this but to date I have not felt a need to change.  The main reason I opted for the 
resistive heater – potential noise impacts on our neighbours – hasn’t changed, and I can’t see an 
option where I could beneficially add solar thermal. 

I envisage that I will continually keep this under review.  

Figure 3.2: Hot water % grid independence 
and monthly energy use 2021 

2021 rate of grid independence 
for hot water = 99%  
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Chapter 4 

2021 Consumption: Thermal 

Comfort  
Figure 4.1 below shows our energy use/carbon footprint for achieving thermal comfort over winter 
2021 compared to the earlier project years (I call the five-month period May – Sep inclusive as our 
Canberra heating season).  I have not included any energy for summer cooling as to date, while I 
have not monitored it closely, I believe the total is extremely small.  

 

 

 

*Note I was unable to accurately allocate heating energy use between grid and solar PV electricity 

in these years.  

 

It can be seen from the Figure that our heating energy use for 2021 increased by around 175% when 
compared to 2020.   While this sounds alarming, the increase was from a low base and we still only 
used a little more than 10% of the amount of energy for thermal comfort that we used when we 
heated our house using gas. 
 

Year 

Electricity Consumed (kWh) 

Gas (kWh) 

Carbon 
Footprint 
(CO2 (kg)) 

 Grid Sourced  Solar PV 

2013 274 0 5,920 1,326 

2014 274 0 6,189 1,376 

2015 1,853 142 0 1,594 

2016 983 0 0 826 

2017 569 0 0 472 

2018 342 0* 0 280 

2019 367 0* 0 297 

2020 275 401 0 223 

2021 755 0* 0 596 

% Change 
2021/2020 

175% - - 167% 

Figure 4.1: Comparison of thermal comfort energy use 2013 - 2021 
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My wife in particular changed her favourite heating device over winter 2021, and I believe this may 
have been responsible for a significant part of the increase in thermal comfort energy use.  Having 
said that, I’m not sure whether the increase in our thermal comfort energy use over the past two 
winters is due to changed thermal comfort preferences or simply relates to the much greater time 
the family spent at home during winter/spring daytimes due to Covid restrictions. 
 
I must admit that I was not totally happy with my ‘thermal comfort’ energy use monitoring for 2021 
and am planning to upgrade this for the upcoming 2022 winter.   
 

Thermal comfort over winter - Personal Heating 

Similar to the last two years, we didn’t ‘close our house down’ during winter 2021 and as far as 
possible we kept most of our windows open, at least a little bit, in an effort to get good ventilation.  

Air temperatures in our main living area were typically around 12°C in the evenings during winter; 
very much the same as in the previous four years.  It is important to note that air temperature does 
not directly relate to a person’s body temperature or feeling of thermal well-being.  I am very 
focussed on trying to ensure everyone in my family feels warm throughout winter. 

I’ve said this before but I think it is important to repeat it.  I have been closely observing the ‘keeping 
warm’ patterns of myself, and my family, over the past five winters.  As a general observation, one 
thing that is very evident is that personal needs for warming are only loosely correlated with air 
temperature (this is consistent with my observations on personal heating going back many decades).   

In my earlier reports on heating I describe our household ‘personal heating’ regime.  This is based on 
eschewing space heating and letting each individual member of the family keep themselves warm by 
using a combination of any number of (generally) low powered heating devices.  In practice, over the 
years we each have evolved quite different ways to keep ourselves warm. 

My daughter and I generally keep ourselves warm solely through wearing warm clothes and 
conductive heating (ie placing a low level ‘heater’ in direct contact with the body).  In previous 
winters I have commonly worn a heated vest but over the 2021 winter I rarely felt the need to use 
one.  I put this down to the family adoption of ‘Oodies’ (discussed a bit later).  I occasionally used a 
heated throw, but for the most part I was nice and toasty warm with the ‘Oodie’ and a few little 
extra special heating devices which I also discuss below. 

My daughter enthusiastically adopted the ‘Oodie’ over winter and mainly kept herself warm with 
that and a combination of blankets and the occasional use of a heated throw.  I find it interesting 
that she will now even wear the ‘Oodie’ in the middle of summer because she likes the comfort 
sensation it provides.   

For the past few years my wife has used an interesting combination of radiant and conductive 
heating to keep herself warm.  Depending on the circumstances, my wife generally keeps warm by 
getting radiant heat from one of our FIR heating panels; using a heated seat pad (a particular 
favourite); using a heated footrest; or placing a fan heater very close to her.  In winter 2021 she also 
became an ‘Oodie’ fan (again, like my daughter, this gets some use all year round) but she appeared 
to use FIR heating more than in previous years.  In particular, the mobile FIR heater which I made for 
her (I described this in last year’s Annual Report) became a favourite nightly ‘go-to’ heater.  This 
pulls more power than the devices it replaced and I think this could be the main cause of our 
increase in thermal comfort heating energy use over last winter. 

My son seemed to simply adopt his usual winter heating regime in 2021.   He primarily just locked 
himself away in his bedroom; placed a standard Dyson blow heater very close to his legs when he 
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was sitting at his computer and just let it blast away.  I find it unbelievably uncomfortable when I go 
into his room during one of these ‘roasting’ sessions; and I’m not too sure how healthy it is; but 
anyway we all seemed to have agreed not to interfere with each other’s personal heating regime.   

Against that background, Figure 4.2 contains a breakdown of our heating energy use data for our 
2021 ‘heating season’ (the five months from May to September inclusive).  Our average daily heating 
energy use of 4.9 kWh/day for winter 2021 was more than 20% over my family heating budget of 
4 kWh/day.  

 

 

This distribution is somewhat different to last year.  Significantly more use of ‘personal heaters’ in 
May and June and less in the other months.  A lot more use of the FIR heaters across winter (this 
refers to FIR heaters attached to the ceiling in our main living room).  Tastics use was similar to other 
years.  I make those comments with the aforementioned proviso about my lack of confidence in the 
accuracy of this year’s monitoring.   

Last year was no different to other years in that I kept an eye out over the year for possible new low 
energy personal heating devices.  In the following Section I describe three new ‘devices’ which I 
bought and trialled during winter. 

New Heating Devices 

1) The Oodies 

While not really a ‘device’, the Oodie was a great ‘thermal comfort’ hit in our family last year.  
I guess you can best describe an Oodie as a form of wearable blanket - see Figure 4.3. 

My daughter was first on to this.  As far as I can recall I bought an ersatz version of an Oodie for her 
in the first instance, and then progressively we ended up with one each – two official Oodies and 
two lower priced copies.  My son very rarely wore his; the rest of us more or less lived in ours over 

Figure 4.2: Winter 2021 breakdown of heating device 
contributions by month 

Average heating energy use over 
winter 2021 = 4.9 kWh/day 
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winter.  As I noted before, my wife, 
and my daughter in particular, are still 
using theirs during summer!! 

Oodies seemed to become a bit of a 
cult garment in Australia last year – 
people were commonly seen wearing 
them in the street.  No one in our 
family was bold enough to go that far!  
I had no way of working it out, but I 
suspect the Oodies saved us a not 
insignificant amount of personal 
heating energy over the winter.   To 
sum up in a few words: they work; 
they keep you very warm; they are 
very comforting and cuddly.  I’m sure 
we’ll all (apart from our son) be 
wearing them again over winter 2022. 

 

 

 

 

2) Heated neck warmer 

As someone who’s always been ‘follicly challenged’, 
from a very young age I’ve been aware that keeping 
your head/neck warm/cool is a key way to regulate your 
body temperature.  Over the years I’ve trialled all sorts 
of hats and scarfs in winter and all sorts of wide 
brimmed hats and bandanas in summer.  However, up 
to last year, even though I was well aware of heated 
hats and scarfs, I had not tried any electrical head/neck 
wear. 

In early winter I bought the USB scarf shown in 
Figure 4.4 simply to test the concept.  It is effective.  
Even though the scarf only gets mildly warm it has a very 
satisfying warming effect on the body.  I did not really 
need to use it a lot over winter thanks to the wonderful 
Oodie.  It is now there as one of my background devices 
that can be used if/when the going gets really cold. 

While this purchase was largely a peripheral action, 
more than anything else I felt justified that my thermal 
comfort thinking is broadly valid – you can keep 
someone nicely warm without heating the whole of 
their body.  This segues nicely into my next device. 

 

          Figure 4.4: USB Neck Warmer 

          Figure 4.3: My wife’s Oodie 
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3) USB hand warmers 

In many ways these were the surprise trick in the bag. 

I can recall as a very young boy my dad 
going on about ‘Japanese hand warmers’ 
and how wonderful they were in keeping 
you warm on a frigid UK winter’s day.  I can 
also recall that a few years ago I fell back on 
his recommendation and tried a form of 
chemical hand warmer – as best as I can 
remember you snapped a plastic sachet 
containing chemicals and an exothermic 
reaction kept the sachet warm for maybe an 
hour.  I was totally underwhelmed by the 
experience.  

Enter 2021 and enter the USB hand 
warmer!!  In May I came across my first USB 
hand warmer.  I was very impressed – nice 
soft plastic surface; controllable temperature; 
stayed warm/hot for hours.  My Father was 
indeed right - holding this certainly seemed to 
warm me up no end; it was much more than a device to solely keep hands warm.  Unfortunately, 
this only worked for a few weeks and then it died.  I was very disappointed! 

On further research it appeared like lots of these devices had been malfunctioning.  Rather 
alarmingly it appeared that they had been ‘exploding’!  I never really got to the bottom of this.  
Were they exploding when being charged?  Were they exploding when being used?  Were people 
getting badly injured?  It was a worry but a few weeks later I came across quite a few hand warmers 
which were being advertised as ‘non-exploding’ and I bought my second one.  This one did not fail 
and worked beautifully.  It worked so well that my wife wanted one as well.  I bought her a different 
one to test alternatives: hers, which has a metal surface, feels much hotter than mine.  I show a 
photo of the two warmers (my wife’s on the right) in Figure 4.5. 

Quite surprisingly these became baseline heating devices for the winter.  In fact, they worked so well 
we no longer used a hot water bottle in bed; we each took our own USB ‘hot brick’ to bed and used 
them as our personal hot water bottle.  The ‘bricks’ would take a few hours to charge but would 
remain hot for about 15 hours!  A real find!! 

Thermal comfort over summer - Personal Cooling 

In a very similar vein to last year, I don’t have a great deal to report on this topic since the Canberra 
2021 ‘cooling season’ didn’t get very hot. 

When we did need to keep cool we used our usual collection of fans (both room and personal fans).  
I did not need to get out my Close Comfort refrigerative cooler which I’ve reported on in earlier 
Annual Reports. 

Given the cool summer there were no bush fire smoke problems to deal with.  Our lovely Dyson air 
purifier did not get used. 

  

          Figure 4.5: The USB hand warmers 
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Chapter 5 

2021 Consumption: Other 
In my first Annual Report (2016) I included the ‘Other’ table in an attempt to capture the main 
electricity consuming devices in our house that haven’t been monitored/reported on elsewhere in 
the book.  I term these devices as being in the ‘Other’ category.   

Over the past few years we have made several purchases of electrical goods of one kind or other and 
almost all of these have insignificant power and/or energy draws.  In recent years we have made a 
few changes that merit inclusion in the Table such as: replacing our old plasma TV with an LED TV; 
purchasing an air fryer; and updating our vacuum cleaner.  

Figure 5.1 shows my estimates of the 2021 annual energy use of the key individual electricity 
consuming devices in our house which I have placed under the ‘Other’ category. 

Device 
Rated 
Power 
(kW) 

Variable 
Power 

Typical 
Use/Week 

(hours) 

Notional 
Annual 
Energy 

Consumption 
(kWh) 

Comments 

Fridge 0.1 Y 168 350  

TV – LED 0.2 N 30 300  

Desk Top Computers 0.1 N 55 300  

Induction Top 7.4 Y 5 200 
Usually use one/two 
‘elements’ 

Kitchen Oven 3.6 Y 4 200  

Air Fryer 1.8 Y 2 150  

Electric Kettle 2.2 N 1 115  

Microwave 0.8 Y 2 85  

Washing Machine 2.1 Y 6 25  

TV – LCD 0.1 N 5 25  

Close Comfort 0.3 Y 10 20 Only used over summer 

Iron 1.8 Y 1 15  

Vacuum Cleaner 0.5 N 0.5 15  

Lights 0.006 N 40 150 Single globe = 6W 

TOTAL    1,950  

 

 

 

Figure 5.1: Notional 2021 annual energy use by the main ‘Other’ 
electrical devices in our house 
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The Figure only includes what I can identify as the major electricity users in our house.  In addition to 
the items shown in the table we also have numerous low powered, or very occasional use, electrical 
devices: a range of PHDs (personal heating devices), mobile phones, router, toothbrushes, shavers, 
radios, laptops/tablets, clocks, cooling fans, USB coolers, air purifier, etc. 

The values shown in column 5 for the annual energy consumption can only be treated as very 
indicative ‘guesstimates’.  Having said that, the total annual energy use in the ‘Other’ category for 
2021 shown in Figure 5 (which I computed by difference based on the energy use of the other end 
uses) = 2,424kWh.  The total of the annual energy use for the individual items shown in column 5 in 
Figure 5.1 = 1,950 kWh.  Therefore, overall I believe my energy guesstimates for the ‘Other’ category 
are quite reasonable. 
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Chapter 6 

The Battery 

We installed our Tesla Powerwall 2 battery in September 2017.  It has worked more or less flawlessly 
for the whole time it has been in place.  It was out of commission for about four months towards the 
end of 2019 as it had to be re-configured when we transferred over to three-phase at the end of  
August 2019. 

It was in operation for the whole of 2021.  We injected 2,499 kWh into the battery and retreived 
2,124 kWh from it over the year – this translates to a charging efficiency of 85% which I consider to 
be very respectable.  [I inadvertently doubled the figures for the amount of energy I put into and took 
out of the battery in my 2020 Annual Report.  This did not effect the reported battery efficiency.]  

You can see from Figure 3 that about 25% of our total electricity consumption in 2021 came via the 
battery.  It typical delivers energy in the evening and at night when our solar PV systems are not 
productive.  In a similar vein, it delivers most of its energy over the winter period when the days are 
shorter and our energy demands are higher. 

Figure 6.1 shows how the ouput of the battery varied throughout the year.  The Figure also shows 
the average State of Charge of the battery at dawn. 

 

 

 

This Figure shows a very similar picture to last year.  The battery was empty in the morning on 38 
days over winter 2021 (compared with 37 days in 2020). 

It is nice that our Tesla Powerwall now has a Tesla Model 3 to keep it company.  Having a white 
Model 3 means that they make a good matching pair! 

Figure 6.1: Indication of the performance of our Tesla Powerwall 2 
throughout 2021 
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In a number of my previous Annual Reports I’ve made a point of praising the App that comes with 
the Tesla Battery.  It used to be fast; had lovely clear graphics; and gave easy access to all the data I 
was looking for.  Unfortunately Tesla did a ‘refresh’ of the App around September 2021 time and it is 
truly horrible (this applies to the battery side of the App – the car side is fine).  The App is now slow; 
has very muddled graphics; small type face; and is not in any way intuitive.  The first Tesla product 
that I really don’t like.  Anyway it works and I can still get my data – I just hope they do another 
refresh sometime soon to fix up the mess they’ve created.  
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Chapter 7 

Energy Monitoring 

This is one area where I believe I can make some real improvements without spending a lot of 
money or effort. 

Last year I reported that by going three-phase we had maxed out our Solar Analytics (SA) monitoring 
capability since I now need to have the capability to monitor more than 12 circuits to track the 
energy use of the devices I used to monitor.  I reported that I compromised by not using my SA 
system to track some of my solar PV circuits. 

This problem of limited circuit monitoring coverage was exacerbated in April 2021 when we installed 
our three-phase Zappi EV charger (discussed in Chapter 2).  I was only able to monitor one of the 
phases feeding the Zappi using the SA system which meant that when it was in the single phase 
mode the Zappi output was being correctly reported but in other modes it was under reporting 
energy use. 

In this report I computed our EV energy use by continuing with the monitoring methodology I have 
been using for years (taking data from the vehicle).  In 2022 I intend to use the monitoring data 
which is provided by the Zappi as far as I can.  I propose to also use my long standing monitoring 
system in parallel to allow me to cross compare results.  I’ll be surprised if there is a great difference 
in the numbers but I think I will have more confidence in the Zappi numbers.  [Using the Zappi data 
is fine for monitoring home charging, but obviously it does not cover energy we put in the car at 
public chargers (I don’t have complete data for this).  Hence there are likely to be some gaps in the 
data using the Zappi approach compared with reporting the energy use data provided by the car.] 

At the time of writing in early February 2022, Tesla has just added a new feature to the car side of its 
App.  This feature is entitled ‘Charge Stats’ and has the potential to plug the gaps I have identified in 
italics in the previous paragraph.  At present the charging data seems a bit limited but I suspect this 
will improve over time. 

I also reported in last year’s Annual Report that I had dropped plug level monitoring for computing 
our ‘thermal comfort’ energy use.  However, as indicated in Chapter 4, I now intend to revisit this 
decision.  This is a bit of a sensitive area and I will to some extent ‘play things by ear’.  I will discuss 
the outcome in next year’s Annual Report.   
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Chapter 8 

Indirect Carbon Footprint 
In previous reports I have described how we have now entered Phase 2 of our household energy 
transition and have begun to tackle our indirect carbon footprint as well as our direct carbon 
footprint.  In March 2021 I produced my second itemised carbon footprint report for our household 
(covering both our direct and indirect footprints for 2020).  My aim is that we will be net zero carbon 
each year going forward from here. 

Figure 8.2 over the page, shows a picture of our total household carbon footprint for 2020.  I have 
extracted this from the carbon footprint report mentioned in the first paragraph.  The Figure shows 
the breakdown of the individual elements of both our direct and indirect carbon footprints for that 
year.  It also shows how I managed this to achieve carbon neutrality for our household in 2020. 

In Phase 2 I will include this Chapter in my annual reports to essentially report/describe the steps I 
have taken throughout each year to tackle our indirect carbon footprint.  In this Chapter I intend to 
deliberately keep my comments qualitative; I will show all my quantitative carbon footprint data in 
my Annual Carbon Footprint Report for 2021 (I plan on releasing this in Q1 2022.) 

Action taken to reduce our indirect carbon  

In contrast to last year’s Annual 
Report, I unfortunately have little 
to report here this year.  While I 
am always looking to find ways to 
reduce our family indirect carbon 
footprint I don’t think I can claim 
any major wins in 2021. 

One highlight for me was the 
discovery of ‘V2’ a now quite 
widely available meat substitute.  
Since around the middle of the 
year I have been cooking with V2 
rather than beef mince when I’m 
making my traditional European 
dishes (pastas, shepherd’s pie, 
etc).  I think it tastes great; my 
family seem to eat it quite 
happily, but my wife still cooks 
with beef mince. 

 

 

Another big win for our indirect footprint in 2021 was the absence of flying.  This was certainly not 
by choice – it was simply an outcome that many people encountered as a result of Covid. 

  

Figure 8.1: A packet of V2 mince now widely found in 
supermarkets 

https://netzeroemissions.net/2021/03/02/2020-annual-carbon-footprint-report/
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Figure 8.2: A representation of our household carbon 
footprint for 2020 
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Chapter 9 

Next Steps for 2022 
I have mentioned two small monitoring initiatives I intend to take in 2022 in the body of this report: 

1) look to reinstate plug level monitoring so that I can produce better quality data for our winter 
‘thermal comfort’ energy use  

2) refine my EV charging monitoring regime to plug a few small gaps. 

I intend to continue my usual informal searching, and testing, of new technology (particularly low 
power) devices that may emerge. 

One area that is focussing my mind is what can I do to reduce my family’s use of petrol?  It appears 
that it will be a few years until the price of new EVs will have dropped enough to entice my wife into 
the market.  However, I am hoping that the second-hand EV market may become active in the near 
term and I’m thinking of the opportunities this may provide. 

One possibly token step in this direction that I have taken this year is to deliberately avoid taking any 
rides in fossil fuel powered vehicles (my ‘pledge’).  I intend to stay with this throughout 2022.  In 
2021 I took three very short rides in petrol cars.  The pledge will of course be hardest to keep when 
it comes to flying – Covid has put paid to any flying for us in the short term.  When I do fly again I will 
naturally buy offsets. 

As noted earlier, I am now putting my mind to updating my project reporting regime.  Our energy 
transition project has now been in place for the best part of a decade.  In the early days, as I was 
working out what to do, and testing out new ideas, I believe the project reporting merited some 
reasonable discussion and commentary.  Our energy use/carbon footprint was evolving significantly 
from year to year.  However, I think we are now at the point where things have effectively stabilised: 
we are now more or less carbon free as far as house energy use is concerned; and while the way 
ahead for doing away with petrol use is clear, my options are somewhat limited until market 
conditions change.   

Against this background, I’m looking at producing much more succinct Annual Reports in future.  I 
intend to still gather the same energy use data as I do now, but I’ll probably aim to essentially report 
it in tables and graphics without too much commentary.  I would like to produce written information 
in the form of dot points, rather than prose, so it makes more important events/activities/thoughts 
stand out. 

While our direct carbon footprint has more or less stabilised, we have a long way to go on our 
indirect footprint.  I intend to keep producing annual carbon footprint reports like I have done for 
the past two years. 

 

 

 

You can find consolidated information on our household energy transition project at my website: 
https://netzeroemissions.net/ 

https://netzeroemissions.net/
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