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INTRODUCTION

GHG-Energy Calc7 is an open source greenhouse gas emissions and energy calculator, for the use of
individuals and businesses world-wide to quickly estimate their own energy consumption and carbon
emissions. It is available for free for public non-commercial use. Although it is produced in Australia it is
applicable anywhere in the world, as fossil fuel emissions do not vary significantly and the electricity
emission factor for the state or country can be entered by the user.

Care has been taken to make it detailed, rigorously researched and transparent. The Excel format means
that the algorithms and constants are visible in the formulae and easily to update. There are 3 levels of
transparency:

1. Notes on the Calculator screen,

2. Help document

3. Technical Paper, which explains the algorithms and constants, with references.

Two educational resources complete the ‘GHG-Energy Calc7 Toolkit’, all of which can be downloaded
from https://cleanenergymodelling.com.au/:

e ‘How to Reduce Your Carbon Footprint’ booklet

e ‘Shrink Your Carbon Footprint — Action List’ brochure

This document outlines how the emission factors used in GHG-Energy Calc7 were sourced and derived.

Emissions covered by GHG-Energy Calc7

This calculator estimates only emissions for which the user is directly responsible. I.e. their direct
consumption of energy for transport, household electricity and heating, and embodied energy incurred
for food, possessions, waste, water, house and home contents. Services such as retail, wholesale,
banking, health, education, transport infrastructure and government are not included.

GHG-Energy Calc has 11 categories in which users can enter their consumption data:
. Air and Sea Travel

. Private Vehicles

. Public Transport

. Electricity

. Other Fuels

. Food and Groceries

. Waste

. House

. Contents and Built Structures
10. External Items

11. Water

O o0 NOULDE WN -

Countries with high carbon emissions

A nation’s emissions can be categorized as:
e Household and business domestic consumption.
e Export industries and capital expenditure by corporations and government.

Countries with high emissions in both categories are the world’s highest emitters. For example, Australia
ranks 8" in of the world’s nations for per capita GHG emissions, even higher than the US, Canada and
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Russia and exceeded only by 7 Middle Eastern countries with large oil extraction industries. Australia’s
total greenhouse gas (GHG) emissions were estimated to be 540 million tonnes in 2020, with a
population of 25.5 million (http://www.environment.gov.au/climate-change/publications/emissions-
projections-2018). This computes to 21 tonnes CO,e per person per year. Of this figure, about 55% is
generated by domestic consumption. The rest is from production of exports (in particular minerals coal
and gas), corporate and government capital expenditure.

In affluent countries such as the US and Australia, typical per capita emissions from personal
consumption as estimated by GHG-Energy Calc7 is 11 tonnes CO,e per year. Individuals with high
emitting habits, such as driving a lot in large cars, eating a lot of red meat, frequent flights and heating
large houses with oil or coal can have carbon footprints 2 to 3 times this size.

Sustainable world per capita level of greenhouse gas emissions

Carbon (CO2e) emissions continue to increase and the severe weather events and sea level rises that
have been predicted by the vast majority of climate scientists for 30 years is happening even faster than
forecast. For example the 2020 wildfires in Australia were of an unprecedented scale and severity.

The concentration of CO2 in the atmosphere in 2020 is 413 ppm and has been rising at about 3 ppm per
year (https://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global). At this rate it will reach 450 ppm
in 2032. This is the threshold concentration at which climate scientists agree global warming will reach 2
deg. C and climate change will likely be catastrophic for human civilizations and irreversible. Greenhouse
gas (GHG) emissions must be reduced to net zero by 2050. Many countries have already adopted that
target.

Rising world population and increasing numbers of people living affluent lifestyles have resulted in higher
annual emissions despite reductions achieved by energy efficiency and decreasing electricity emission
factors. Renewable energy is replacing fossil fuels for electricity generation in most countries and states,
but transport and most industries still use fossil fuels as their energy source. Although renewable
hydrogen and biofuels are proven alternatives and electric vehicles are now cost effective, in 2020 they
are still not widely adopted. Embodied emissions of food and goods have not fallen significantly. It is to
be hoped that the renewable technologies, which are now viable will usurp fossil fuels in the next
decade.

NOAA researchers Ballantyne, Tan et al, 2012 found that about half of the world’s 2010 CO2 emissions
from fossil fuel combustion is assimilated by Earth’s biosphere. About 32 billion t CO2 - 65% of total GHG
emissions and including >95% of households emission - is from combustion of fossil fuels, which means
about 16 million tonnes is assimilated by the biosphere. An equitable level of CO2 emissions from fossil
fuel combustion per world citizen that would stabilize the CO2 levels in the atmosphere may be
estimated by dividing the 16 billion t CO2 by a current world population of 7.7 billion. This equates to
about 2.1t rounded down to about 2t CO2 per person per year. As CO2 has an atmospheric life of up to
200 years this would enable a gradual reduction of CO2 levels, providing population does not increase
and the biosphere’s capacity to sequester C is maintained. Only 22 of 113 nations currently emit below
this threshold. These are mainly un-developed African countries where the rural populations do not own
cars, eat processed foods or take flights https://www.worlddata.info/greenhouse-gas-by-country.php.

In addition to cutting CO2 from fossil fuel combustion to less than 2t/ person/ year, the GHG’s that
account for the remaining 35% of global warming would have to be reduced to net zero. Methane,
nitrous oxide land use CO2 and fluorocarbon emissions would have to be curtailed by reafforestation and
changing agricultural, land use and industrial practices. Methane has an atmospheric life of 12 years and
nitrous oxide 114 years (see Appendix 3).

Rose, B.]., 2020. GHG-Energy Calc7 Technical Paper Page 4


http://www.environment.gov.au/climate-change/publications/emissions-projections-2018
http://www.environment.gov.au/climate-change/publications/emissions-projections-2018
https://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global
https://www.worlddata.info/greenhouse-gas-by-country.php

What should be our carbon footprint goals?

1. A carbon footprint of 5 tonnes CO2e per person per year is an achievable personal goal for all
people living in developed countries in 2020. Average CO,e emissions of people in many
European countries e.g. Sweden, Spain and France are already below this figure. Being part of the
change is the best way to be empowered. The Author and his wife, who live in an outer suburb in
Australia have reduced their personal CO,e emissions from 10 tonnes to 5 tonnes per year
although they still travel 25,000 km/ year, have a light car and eat small amounts of white meats.

2. If electricity is 90% renewable, by 2030 it will be possible to reduce our carbon footprint to 3
tonnes per year and still have a modern urban lifestyle. All people will need to be:
e travelling mostly by electric bus, train, E-bicycle or electric micro-vehicle(s),
e eating a vegetarian diet,
e living in super-efficient housing in terms of energy use, space and materials,
e not taking fossil fuelled flights and ocean cruises.
This is achievable globally by 2030 if there is the community and political will to do it.

3. Every one of us in the world will need to reduce our CO,e emissions (as estimated on GHG-
Energy Calc) to less than 1.5 t CO,e by 2050. This will necessitate the world’s high per capita
emitting populations making the changes to their lifestyles summarized in 2 above. In the same
time-frame, radical changes to all energy and supply chains will have to be made by all
corporations and governments:

e Energy - all electricity grids will have to be converted to >90% renewable energy. This
achievable now for no more cost (see
https://cleanenergymodelling.com.au/powerbalance2/). All fossil fuels replaced with
renewable electricity, hydrogen and solar heat.

e Food production —adopting organic crop rotations, minimizing packaging and localizing food
production and curtailing methane emissions from ruminant animals. This is achievable with
today’s technology and need not involve significant increases in the cost of food.

e Resource extraction, by using > 90% renewable energy and curtailing fossil fuel extraction.

e Goods manufacturing - by converting >90% of processes from fossil fuel to renewables,
localizing supply chains, eliminating air freight and powering ships by wind and hydrogen.

e Infrastructure such as roads, railways and public buildings by reducing scale and mass, near
zero emissions production of steel and concrete and using mainly wood in buildings.

2019 was Australia's warmest year on record
Temperature anomaly compared to 1960-1990 average

+1.5C 2019

+0.75C

+0C

-0.75C

1917

Source: Australian Government Bureau of Meteorology
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EMBODIED ENERGY AND EMISSIONS

Embodied emissions of food, vehicles, goods, housing, waste and to a lesser extent flights and cruises
make up about 55% of a typical person’s carbon footprint. It is important to understand how GHG-Calc 7
calculates these.

Embodied energy to manufacture and maintain the item or vehicle is estimated directly from the
literature (usually expressed in MJ) or from itemized energy analyses. Carbon emissions from most foods
and goods had to be derived by applying an emission factor (t CO,e /MJ) to the embodied energy figures
(see Table 1.1 below). In some cases emissions are cited directly from the life cycle analyses (LCA’s) in the
literature, e.g. for cars.

Assumed lifetime of items

The assumed life of goods and buildings is the most significant factor affecting annualized embodied
emissions. All embodied energy and emissions estimates in GHG Energy Calc7 (apart from food) are
annualized over an assumed lifetime ranging from 3 years for clothing to 60 years for houses. This is
derived from references and or from the authors’ experience and is always clearly stated in Sections 2 —
10. Possessions that are older than the assumed age do not incur embodied energy and emissions, or in
the case of housing incur a reduced amount. For example, as the assumed age of vehicles is 15 years, for
those 16 years and older omit embodied by clicking ‘fuel only’.

While in reality, the life of goods varies greatly. A house may be destroyed by fire at aged 5 years in which
case GHG-Energy Calc7 would greatly underestimate the annualized emissions. The same house if built in
a safe location and well maintained may last 100 years, in which case the Calculator reduces annualized
embodied emissions to 40%. Other goods such as cars and boats, when older than the assumed life, can
be omitted entirely from the embodied emissions calculations. This may provide incentive for those
wishing to reduce their carbon footprint to maintain and go on using old possessions.

Emission factors for manufacturing, building and foods

Carbon emission factors for 5 classes of goods and foods were constructed using assumed mixes of
energy sources as shown in Table 1.1 below.

The electricity EF used in the energy mix for buildings and foods is 0.8kg CO,e /kWh =0.222 kg CO,e /M)
(similar to China and NSW, 2019) and that used for vehicle manufacturing is 0.66 kg CO.e /kwWh = 0.183
kg CO,e /MJ, an average of 7 Asian manufacturing countries.

A detailed breakdown of the EF for vehicle manufacturing in Asia can be found in Appendix A10. The
same factor is applied for house contents as most of these have a similar composition and are
manufactured in Asia.

EF’s of foods and goods will decrease in future as the emissions intensity of electricity is reduced below
that of oil and gas. For example the EF for cars and appliances listed here would reduce to 64% of the
value shown if electricity were 85% renewable. Even further reductions are achievable if fossil fuelled
production processes are either electrified or fuelled by renewable hydrogen.
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Table 1.1 GHG Calc7 emission factors (kg CO,e /MJ) for energy used in food, goods and buildings

Cars and appliances Manufactured in Asia

Electricity EF oil Gas Coal Total Total
(Asia)* C02e/MJ [CO2e/kWh
EF kgCO2e/M) 0.183 0.078 0.062 0.093 n/a
Percent of embodied energy used in production 29% 21% 8% 42% 100%
kgCO2e per MJ 0.053 0.016 0.005 0.039 0.113 0.408
Buildings in Australia
Electricity EF | _. Total Total
(AustraIiZ) ol Gas Coal | coze/ms|coze/kwh
EF kgCO2e/MJ 0.222 0.078 0.062 0.093 n/a
Percent of embodied energy used in production 12% 26% 2% 20% 100%
kgCO2e per MJ 0.027 0.020 0.026 0.019 0.092 0.330

Foods - Australian processd with high proportion of processing (electicity) inputs
Electricity EF

(Australia) oil Gas Coal Total
EF kgCO2e/M) 0.222 0.078 0.062 0.093 n/a
Percent of embodied energy used in production 60% 20% 20% 0% 100%
kgCO2e per MJ food production energy 0.133 0.016 0.012 0.000 0.161 0.581

Foods - Australian processed foods with moderate proportion of processing (electricity) inputs
Electricity EF

X Oil Gas Coal Total
(Australia)
EF kgCO2e/MJ 0.222 0.078 0.062 0.093 n/a
Percent of embodied energy used in production 34% 27% 39% 0% 100%
kgCO2e per MJ food production energy 0.076 0.021 0.024 0.000 0.121 0.435

Foods - Australian grown minimally processed with high proportion of agricultural (fertilizer and fuel) inputs
Electricity EF

) oil Gas Total
(Australia)
EF kgCO2e/MJ 0.222 0.078 0.062 0.093 n/a
Percent of embodied energy used in production 8% 45% 45% 0% 98%
kgCO2e per MJ food production energy 0.018 0.035 0.028 0.000 0.081 0.291

Embodied carbon emissions of transport infrastructure

GHG-Energy Calc includes only consumption that is directly controllable by individuals, households and
businesses. Hence only the operational and embodied energy and carbon emissions of transport vehicles
are included.

The building and operation of transport infrastructure - roads, railways, airport and ports - are not
included. However, carbon emissions from these sources are significant and if included would increase
per passenger-kilometre vehicle emissions by approximately:

e Road (cars, SUV’s, pickups) -  8-15%

e Road (bus) - 1%
e Rail - 60% (at grade heavy rail) — >200% (elevated high speed rail)
e Air- 4%

Source: derived from Chester and Horvath, 2008
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1. AIR AND SEA TRAVEL

GHG-Energy Calc7 values for energy and emissions per passenger km for short haul/ very long haul and
med-long haul flights and ocean cruises are summarized in table 2.3 below

Table 2.1 Summary of energy and CO2e emissions per economy class passenger for flights and cruises

Energy kWh per passenger km

. Manufacture, Total aircraft
Operation )
" maintenance, per economy
(fuel) . .

servicing passenger km
Short haul and very long haul (<800, >6001 km) 0.3872 0.0535 0.4407
Med- Long haul (801-600 km) 0.3313 0.0535 0.3848
Ocean cruise liner 0.6220 0.0700 0.6920

Emissions tCO2e per economy passenger km

Short haul and very long haul (<800, >6001 km) 0.1088 0.0147 0.1235
Med- Long haul (801-600 km) 0.0931 0.0147 0.1078
Ocean cruise liner 0.1760 0.0290 0.2050

Aircraft flights

People in developed nations are flying more each year. For example Australians took 15.5 million
domestic and 6.5 million overseas flights in 2015-16 (Roy Morgan, 2019). If these flights averaged 3,000
and 10,000 km respectively, that would equate to about 5000 km per capita per year.

Operational (fuel)

Fuel energy and CO,e emissions were derived from fuel economy figures provided by Infogalactic. Litres
per seat km for 15 -20 aircraft for each of 5 route types were average and scaled up assuming 80% seat
occupancy. An emission factor for aviation turbine fuel of 2.873 kgCO2e/ L and energy factor of 10.22
kWh / L were applied to fuel consumption to derive energy and emissions per passenger km. Fuel refining
and distribution comprise 10.2% of the fuel emission factor (derived from Chester et al, 2008).

These figures were condensed into two route types for GHG Energy Calc7 (see Table 2.2 and Fig. 2.1).

Table 2.2 Aircraft operation (fuel combustion + refining & distribution) emissions per economy class

passenger kilometre

Infogalactic figures GHG-Energy Calc7 figures at 80% capacity
Inofgalactic Infogalactic | Average L/ GHG- GHG- L/ 100 L/ Pkm | MJ/ GHG GHG
definition Average 100 pass km | Energy Energy PKm@ | @ 80% | pass. Calc Calc kg
L/seat 100 @ 80% Calc Calc 80% cap. Km kWh/ CO,e /
km occupancy definition Distance cap. Pkm Pkm
Turbo-prop/ 3.030 3788 | Shorthaul | o) 4
regional short & very ~6001 km 3.79 0.0379 | 1.394 0.387 0.109
Long Haul 2.851 3.564 long haul
Regional 2.485 3.106
Med-I 801-6000 3.24
Short Haul 2.347 2.933 eHau'T"g - 0.0324 | 1.193 | 0331 | 0.093
Med Haul 2.688 3.360
Source: https://infogalactic.com/info/Fuel economy in aircraft
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Optimal haul distance for fuel economy is 1000 — 6000 km. Short regional legs use significantly more fuel
per kilometre (figure 2.1) because a larger portion of the flight is in take-off and ascent. Super long haul
flights use more fuel because more energy is used to ascend and fly with the much heavier fuel load
required. GHG-Energy Calc7 has designated two categories:

i. Short haul (<800 km, regional, turbo-prop fights) and very long haul (>6000km)

ii. Med - long haul (>801 — 6000 km).

Figure 2.1 Fuel consumption vs route distance. (Infogalactic, 2019)

Embodied

Embodied energy and emissions figures were averaged from three aircraft— Boeing 747, Boeing 737 and
Embraier 145, representing 3 classes of passenger aircraft (Chester and Horvath, 2008). Embodied
emissions are about 14% of total per km emissions.

Derived from: Chester, M. and Horvath, A. 2008
Allocation of flight emissions to seat class

The portion of an aeroplane used by a passenger is determined by space occupied rather than weight of
passengers, which is small compared to the weight of the aircraft and fuel. For example about the same
energy and emissions are incurred by a plane with all economy seats carrying 400 passengers as the same
plane with half economy and half premium seats carrying 300 passengers. For this reason, GHG-Energy
Calc7 applies a space multiplier to set classes as outlined in table 2.3 below. A first class passenger will
incur 3 times the emissions of an economy class passenger because 3 economy seats could have been
installed in place of the first class seat.

Table 2.5 Seat class multipliers for passenger aircraft

Class Economy Economy + Business First /luxury

Multiplier 1 1.2 2 3
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Cruise Ships
Operational

Fuel CO,e emissions per kilometre were calculated according to table 5.1 for a typical large cruise ship
(Brittania CO,e).

Table 2.4 Operational energy and CO,e emissions per economy class passenger km for the large cruise
ship Brittania

. kph fuel . . L/ Energy | kg
gross cruise (knots | Pass. Pass. at | use Litres litres | L/ econ | kWh/ CO,e/
speed per per pass.
tonnes knots * Cap. 90% full | gallon hour km km pass. | pass. pass.
1.852) /hr km km km
143,730 219 40.5 4,324 3,892 3,000 13,362 | 329.8 | 0.085 | 0.056 0.622 0.176

Embodied emissions of cruise ship

Embodied emissions for the manufacture of a typical 64,000 lwt cruise ship (Oosterdam) were calculated
by the Author at 4.9 t CO,e per tonne of ship (Table 5.2).

The QE2 - one of the longest lived cruise ships - travelled over 11 million km. GHG-Energy Calc assumes a
‘typical cruise ship with a lifetime of 30 years travelling 250,000 km per year i.e. 7,500,000 km in its
lifetime. This ship is assumed to weigh 64,000 |wt.

Table 2.5 Statistics of a typical cruise ship (Oosterdam)

Typical Weight Assumed | Assumed | Passenger tonnes of
. . Gross . e . .

cruise ship Tonnes empty Life Lifetime @ 90% Crew ship per

studied (Lwt) (years) kms full passenger

Oosterdam 82,305 64,000 30 7,500,000 2,150 812 29.8

Table 2.6 Embodied energy and emissions per economy class passenger km for Oosterdam

Manufacture, Annual services Total
maintenance Manufacture, @ 1.5 tonnes per manufacture
embodied maintenance (crew + Services (per | plus services
(per tonne lwt | embodied (per | passengers)/ yr, passenger embodied (per
of ship) passenger km) | 270 days / yr km) passenger km)

Embodied Energy 12,570 0.0499 10,690 0.0199 0.0698

(kWh)

Embodied Emissions 5,220 0.0207 4,443 0.0083 0.0290

(kg CO5e)

Calculation of embodied energy and emissions for a ship can be found in Appendix 5.

Allocation of ship emissions to cabin class

The worldwide cruise industry occupancy rates were projected at 90% for 2003. Four Luxury lines
averaged 69% occupancy. The generally accepted minimal occupancy rate is 80%. GHG-Energy Calc7
allocates fuel and embodied emissions per kilometre for the whole ship to the passengers assuming 90%
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occupancy. Per passenger emissions are allocated according to cabin class, i.e. space occupied per berth
and expressed as kg CO,e per economy class passenger kilometre.

Table 2.4 Cabin class multipliers — GHG-Energy Calc7

Classes standard deluxe ultra-deluxe | luxury suite
Per passenger cabin area sq ft 75-100 100-150 150-200 200-250
Average pp cabin area sq ft 80 120 180 240
Passenger class multipliers 1 1.5 2.25 3

Table 2.5 Summary of energy and CO2e emissions from cruises ships — GHG-Energy Calc7

Operation (fuel)

Embodied manufacture
and services

Total per economy
passenger km

kWh/ economy passenger km

0.622

.070

.672

Kg CO2e per passenger km

0.176

.029

.205
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2. PRIVATE VEHICLES

There were 15.5 million cars on Australia’s roads in 2019 for a population of 25 million i.e. 1 car for 1.6
people, which is typical of developed nations. Motorists travel on average 15,530 km per year (Roy
Morgan, 2019). Vehicles consume energy and emit greenhouse gases from the energy used in operation
and also embodied energy for manufacture and maintenance. GHG-Energy Calc7 annualizes embodied
energy and emissions assuming a vehicle lifetime of 15 years and adds them to the operational figures.

The options under ‘Private Vehicles’ in GHG-Energy Calc7 enable the user to enter data for several
vehicles, selecting from 10 vehicle types - 7 types of internal combustion engine (IC) vehicles and three
types of plug-in electric (PEV) vehicles. The user can over-write the default weight and energy
consumption figures and can select whether to show emissions from ‘fuel only’ (selecting petrol, diesel,
biodiesel, ethanol or electricity) or ‘fuel + embodied’. To give realistic results, embodied should be
included as this accounts for about 25% of lifetime energy use and emissions for IC vehicles and up to
80% for EV’s, which have lower operational and higher embodied emissions.

Table 3.1 Drop-down options for private vehicle type / size.

default weight Default energy
‘Type/size’ tonnes consumption
IC Vehicles L/100 km
Light car .8-1.1 tonne 1 5
Small-med car 1.2-1.5t 1.4 6.5
Med-Large car or med SUV 1.6-2 t 1.8 10
Very large car / SUV >2 t 2.2 14
Large m/cycle >250 kg 0.27 5.5
Med m/cycle 140-240 kg 0.19 4
Scooter or small m/cycle < 130 kg 0.11 2.5
Plug-in Electric Vehicles kWh/100 km*
Electric vehicle short range 1.5 15
Electric vehicle med. range 1.8 19
Electric vehicle long range 2.1 24

Note: Energy efficiency of EV’s varies between models from about 15 to 28 kWh/100 km.
https://insideevs.com/reviews/343702/electric-car-energy-consumption-epa-compared-april-1-2019/

Operational

i. Fuelled internal combustion engine (IC) vehicles - Fuel consumed when the vehicle is driven.
Calculation of energy and emissions is simply fuel consumption L/100km (entered or selected) x
kilometres driven per year x fuel energy or emission factor.

ii. Plug-in electric vehicles (PEV’s) - Electricity consumed when charging the battery that powers
the vehicle. Calculation is essentially the same as above — electrical energy consumption
kWh/100km, (entered or selected) x kilometres driven per year x electricity emission factor. The
electricity EF is that selected or entered by the user in the ‘Electricity’ section.

iii. Plug-in Hybrid electric vehicles (PHEV’s) - User enters data as for PEV’s, then opens another
vehicle box and enters the fuel consumption and kilometre data as for IC vehicles, but selects
‘fuel only’ under ‘+Embodied energy’. The Calculator estimates energy and emissions as for 1.
and 2. above and sums them.
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Avoiding double counting for EV’s

Most of the energy used by electric vehicles will likely be from home charging, which will appear in the
user’s electricity bills. To avoid double- counting, EV owners enter their consumption used for EV
charging - actual if they meter this or else their estimated percentage - into the box in the ‘Electricity’
section. This is then subtracted from their home electricity consumption.

Embodied

Embodied energy is that used to extract, refine and produce the materials from which the vehicle is made
and a much smaller amount used in the factory the vehicle is made in. Embodied energy of maintenance
is mainly for 2-3 new sets of tyres, 60 — 120 litres of engine oil replacement parts for brakes and exhaust
system. EV’s incur less maintenance due to the simpler motors and drive trains requiring little or no oil.
Per km embodied CO2 emissions of IC vehicles comprise about 25% of total CO2e emissions.

GHG-Energy-Calc calculates embodied energy and emissions by assuming;
e Vehicle lifetime is 15 years
e EE is proportional to the weight of the vehicle.
Insurance and marketing - a negligible amount of indirect emissions - is not included .

Embodied energy and emissions figures from the sources referenced vary considerably depending on the
scope of the life cycle analysis (LCA) and the assumed energy and emission factors used, some of which
vary regionally. For that reason the figures derived for GHG-Energy Calc7 are weighted towards the
studies with the most comprehensive data. Data from the range of studies cited can be found in
Appendix A7.

A detailed breakdown of embodied energy (kWh/ tonne vehicle) and emissions (t CO,e per tonne vehicle)
of IC vehicles can be found in Appendix 9. For data on embodied energy and emissions from the
manufacture of EV batteries, see Appendix 8.

Table 3.2 Embodied energy figures (kWh) per tonne vehicle weight for GHG-Energy Calc7
Sources listed under ‘References’

EV short range | EV med range

Per tonne weight of car :ﬁ;carcls:\' °" | (10-40kwh | (41-70kWh (E;Ill_ig(g) R'\‘Ii';

¥ battery) battery)
Manufacturing 20,053 25,194 28,621 31,228
Maintenance 8,176 7,358 7,767 8,176
TOTAL 28,229 32,552 36,388 39,404
Lifetime years 15 15 15 15
Manufacturing per tonne 1337 1,680 1,908 2,082
/year
Maintenance and parts per 545 491 518 545
tonne / year
Tot.al kWh / tonne vehicle 1882 2170 2426 2627
weight / year
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Emissions factors for the assumed energy sources are applied to obtain CO2e emissions per vehicle tonne

from energy used in manufacture and maintenance. Assumed electricity EF is the average of several

Asian manufacturing countries (Appendix 9.2).

Table 3.3 Embodied CO,e emissions tCO,e per tonne vehicle weight for GHG-Energy Calc7

IC car SUV EV short EV med EV long

or range (15- | range (41- range (71-

m/cycle 40 kWh 70kwh 100ngh)

¥ battery) battery)
Manufacturing (per tonne vehicle weight) 5.98 7.51 8.54 9.31
Maintenance (per tonne vehicle weight) 2.00 1.80 1.9 2
TOTAL 7.98 9.31 10.44 11.31
Lifetime years 15.00 15.00 15.00 15.00
Manufacturing per tonne /year 0.399 0.501 0.569 0.621
Maintenance and parts per tonne / year 0.133 0.120 0.127 0.133
Total tCO,e / tonne vehicle weight / year 0.532 0.621 0.696 0.754
Total kgCO,e / tonne vehicle weight
. .041 .04 .

/kilometre (assume 15,000 km / year) 0.035 0.0 0.046 0.050

Are EV’s cleaner than conventional IC vehicles?

A typical medium-large car emits about 62 tCO,e over its lifetime, about 80% from fuel used when driven
and 20% embodied emissions from manufacture and maintenance. A similar plug-in electric car (EV)
charged with electricity from the Australian states of NSW and Victoria emits 46-52 t CO,e, about 65%
from electricity used when driven and 35% embodied. In Europe where the electricity EF is 1/3 of
Australia’s, it would emit only 28 t CO,e, 41% from operation and 59% from embodied.
o  When charged from >70% fossil fuelled electricity grids such as the Eastern States of Australia, EV
an EV will emit 15-25% less CO,e than an IC vehicle of the same size and power. Large EV’s with
large batteries may emit more than some small IC cars.
e When charged from clean electricity grids (<25% fossil fuelled) EV’s emit 50- 70% less CO,e than

IC equivalents.

Table 3.1 Comparison of ICV’s and EV’s - Lifetime emissions for 15 year life, 200,000 km travelled

EV medrange 1.6 t EV med range 1.6 t-
1.6 t IC vehicle average Australia Europe
t CO,e % of total | t CO,e % of total | t CO,e % of total

Operational (200,000 km) 50.0 79.7% 31.7 65.5% 11.6 41.0%
E -

mbodied, manufactureand |, 20.3% 16.7 34.5% 16.7 59.0%
maintenance 1.6t vehicle
Tot.al !lfetlme embodied 62.8 48.4 28.3
emissions tCO,e
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Bicycle and E-bike

Bicycle emissions are low and are 75-85% from the embodied energy used to produce them, because
most bicycles could only be expected to travel about 30,000 km in their lifetime. Operational (fuel)
emissions are very low because only about 0.15 kW is required to propel them.

Operational

Assume a bicycle requires about 150 watts to maintain an average speed of 18 km/hour
i.e. 150 watt hours to travel 18 km
i.e. 8.3 watt hours per km =.0083 kWh/ km.

Bicycles are powered by energy from food consumed by the rider. For E-bikes, about half of the energy is
usually provided by the electric motor. Assuming high energy foods with embodied energy : energy
content ratio of 1 are consumed by the rider:

Fuel energy (i.e. embodied food energy + electricity) = .0083 kWh per passenger km.
Assuming the emission factor for processed food is 0.16 kg CO,e /MJ = 0.58 kg CO,e /kWh (Section 7)
Fuel emissions for bicycles and E-bikes = 0.58 * .0083 =.005 kg CO,e / km

The current version of GHG-Energy Calc does not have a box for entering emissions from bicycle travel
because the fuel emissions are negligible. For example travelling 1000 km would incur fuel emissions of
only 10 kg CO2e.

Embodied

Embodied energy / emissions of the household’s bicycles can be included by adding the total weight in
the ‘External items’ cell entitled ‘Aluminium boats, bicycles’. (See Section 10, Table 10.3).

e Road bikes typically weigh 11-15 kg.

o E-bikes typically weigh 20-25 kg

Embodied energy of aluminium items such as bicycles is 1.33 kWh/ kg/ year and embodied emissions is
0.77 kgCO2e/ kg/ year over an assumed life of 30 years.

An E-Bike traveling 1000 km per year would emit about 0.02 kgCO2e/ km, most of which is embodied.
To minimise your carbon footprint from cycling, buy a quality bike that is comfortable for your needs,
maintain it well and ride it a lot to maximize the distance it travels in its lifetime.

Figure 3 Sustainable transport — very light or micro EV’s
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3. PUBLIC TRANSPORT

On a per passenger basis trains and buses are the lowest emission forms of powered transport.
A mid-sized car would need to have 5 occupants to attain similarly low emissions.

Table 4.5 Comparison of per passenger carbon emissions of transport modes (from GHG-Energy Calc7)

Transport mode Emissions intensity kg CO.e/
passenger/ km *
Bicycle or E-bike 0.02
Train 100 passengers per carriage (electric) 0.04
E-motorcycle 4 kW 0.04
Bus 20 passengers (diesel) 0.06
Air (economy seat, long haul, 80% occupancy) 0.11
Cruise ship (economy cabin) 0.21
Car — IC mid-sized (driver only) 0.28
Electric vehicle mid-sized (driver only) Europe 0.14
Electric vehicle mid-sized (driver only) Australia 0.25
SUV - IC large V8 (driver only) 0.45

Assuming electricity emission factor of 0.69 kgCO.e/kWh

GHG-Energy Calc calculates energy (kWh/ passenger km) and emissions intensity factors (kg CO,e/
passenger km) for a generic diesel bus and electric train in 5 steps as follows:

1. Determine operational energy consumption - kWh per km for a typical electric train; L/km for a
typical diesel bus.

2. Apply an emission factor to give operational emissions per vehicle km.

Divide by assumed passenger load to give energy and kg CO,e per passenger km

4. Calculate embodied energy of the vehicle and transport infrastructure. Convert to embodied
energy intensity per passenger km by applying assumed vehicle life kilometers and average
passenger load (20 passengers).

5. Add fuel energy and embodied energy to give energy intensity per passenger km

w

Bus (diesel)
Occupancy

The literature indicates that most buses are under-utilized, with average occupancy of 10 — 12
passengers. This probably reflects the fact that many routes are not economic, being subsidized for
reasons of social policy. However, occupancy is not within the control of the user and for this reason
GHG-Energy Calc7 assumes optimal occupancy on all routes with all passengers having a seat at all times.
l.e. that the generic 42 seat bus starts each journey with 10 passengers, has nearly all seats occupied at
half way point (40 passengers) falling to 10 at the end of each journey, which gives an average occupancy
of 20 passengers.

Table 4.2 Assumed lifetime and occupancy of bus

km travelled in bus lifetime 1,000,000
average passengers 20
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Operational (fuel)

Fuel consumption of 42 seat Volvo or Mercedes diesel bus on suburban routes = 2.5 km/L (Transperth
bus drivers, pers. comm.) = 0.4 L/km

Assume average 20 passengers = .02 L/passenger km.

Multiply by the energy content per kWh / litre of diesel = .02*10.72

Fuel energy for bus = 0.214 kWh/ passenger km.

Applying the fuel emissions factor for diesel of 2.88 kg CO,e / L = 2.88*0.02

Fuel emissions from bus = 0.0576 kg CO,e / passenger km.

Table 4.3 Operational energy and emissions of a 42 seat diesel bus with average 20 passengers

Fuel consumption kWh/pass. . kg CO.e / pass.
L/pass. km kWh/L km Diesel tCO,e/L Kkm
0.02 10.72 0.2144 2.88 0.0576

Note: For social security reasons governments ensure that many urban bus services continue to run
despite rarely ever having all seats occupied. If ‘the bus is going to run anyway’, then if a person takes a
bus no more emissions would have been incurred than if they had not, so they incur zero emissions. This is
not a logical argument as there must be some passengers to have a bus service. But it does illustrate that
the emissions estimate in Table 4.3 could be considered to be conservative.

Embodied

Assumptions are:
o embodied energy and emissions of manufacture are the same per tonne vehicle weight for a bus
as for an automobile
e maintenance is 50% higher due to stop-start operation
e bus weighs 11 tonnes
e bus travels 1 million km in its lifetime

Table 4.4 Embodied energy and emissions of a 42 seat diesel bus with average 20 passengers

kWh/ kWh bus kg CO,e/ kg CO,e/

tonne lifetime tonne bus lifetime
Manufacture 1,337 14,707 7,000 77,000
Maintenance, oils, parts and tyres 545 8,993 2,000 33,000
TOTAL BUS LIFETIME 1,882 23,700 9,000 110,000
Per passenger km 0.0001 0.0012 0.0005 0.0055

Adding fuel and embodied energy:
Total energy intensity factor for bus = .2144+.0012 = .2156 kWh/ pass. km

Adding fuel and embodied emissions = 0.0576 + 0.0055
Total emissions intensity factor for bus = 0.063 kgCO,e/ passenger km
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Train
Operational

GHG-Energy Calc derives average energy consumption of 16.66 kWh / km from figures cited for 6 car
suburban commuter trains in Melbourne Australia and Finland. This figure varies by plus or minus 25%
between individual routes, depending on terrain, speed and number of stops.

“The power consumption of a six-car Comeng train — at full loading, with the air-conditioning running —is
approximately 800kW, and its average speed is 40-60kph (assuming well-managed operations). Putting
these figures together gives an energy consumption of 48MJ to 72MJ per train kilometre.” (PTU Victoria,
2019). This equates to an average of 60 MJ (16.66 kWh) per km.

The calculations in Table 4.5 assume energy use is the average of these two figures and passenger loading
is moderate at 100 passengers per car.

Embodied emissions are only about 5% of total emissions because of the high number of passengers and
km travelled in the lifetime of a train.

Table 4.5 Energy and emissions - electric and diesel suburban trains

Assumptions: Electricity emission factor of 0.69 kgCO.e/ kWh (China or Western Australia)
Diesel engine is 30% efficient.

EF of diesel is 0.268 kgCO,e/ kWh (Appendix A5)

Diesel overnight sleeper train (Indian Pacific) - fuel consumption 2.22 L/km

Table 4.5 Energy and emissions per passenger km for trains and buses

6 car Electric 6 car Diesel Diesel overnight
commuter train | commuter train train Diesel Bus
Kg Kg Kg Kg
kWh kWh kwWh
COZe c02e c02e kWh coze
Vehicle average energy
consumption kWh/km 16.667 16.667
Assumed pa.ssenger load 300 300 224 20 20
(50 per carriage)
Operating /pass. Km 0.056 0.038 0.185 0.050 0.106 0.029 0.214 0.058
Manufacture, 0.006 | 0.004 | 0.019 | 0.005 | 0.011 | 0.003
maintenance (+10%)
TOTAL / pass km 0.061 0.042 0.204 0.055 0.117 0.031 0.216 0.063

Sources: PTU, 2019; Chester and Horvath, 2008

CO,e emission intensity for operation of electric trains depends on electricity emission factor will vary by
over 50 % between regions. For example variation between Australian mainland states is 0.02 - 0.055
kgCO,e/ passenger km.

For this reason GHG-Energy Calc7 estimates emissions by multiplying kWh by the electricity emission
factor entered by the user in the ‘Electricity’ section.
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4. ELECTRICITY

The user selects or enters an electricity CO2e emission factor. The Calculator calculates an energy input
factor from this (see ‘energy input’ below). As well as for home electricity use, GHG-Energy Calc7 uses
these factors to calculate emissions and energy from use of electric vehicles, trains and water. This gives
more region-specific and therefore more accurate results than previous versions.

The electricity section has boxes for entering:

A Electricity usage —imported. (Average from electricity bills)

B Electricity generated solar PV panels - exported. (Average from electricity bills).

C Electricity used for vehicle charging. (Metered or estimated by user).
To give a net home electricity use figure and avoid double counting, GHG-Energy Calc sums (A minus B
minus C).

Electricity —CO2e emissions

There are boxes on the data entry screen where the user can either:
e Enter the electricity carbon emission factor of the country or region they live in. Examples are
listed in Table 5.1, which can be found to the right of the GHG-Calc7 screen
e Ifliving in Australia, select the state they live in.

GHG-Energy Calc estimates emissions by multiplying the kWh of electricity consumption entered by the
user by the electricity EF.

Electricity emission factor sources:
1. Dept. of Climate Change, 2019 http.//www.environment.qov.au/climate-change/climate-science-
data/qgreenhouse-gas-measurement/publications/national-greenhouse-accounts-factors-august-
2019
2. https://www.carbonfootprint.com/docs/2018 8 electricity factors august 2018 -
online sources.pdf

Electricity emission factors vary greatly between countries and regions within countries. For example, NZ
and Sweden have very low electricity emission factors, as more than 2/3 of their electricity is generated
from hydro, wind, biomass and geothermal plants. Renewable electricity generation has increased
significantly over the past 20 years. For example, in Australia, coal fired electricity has fallen from 84% to
58% of total generation in 2019, with about 22% renewable energy and 21% gas and other fuels
(Australian Government, 2020). But there is a lot of variation between states and regions; South
Australia has more than 50% renewable electricity. Victoria, where brown coal is the main energy source
has an electricity emission factor three times that of SA.

Electricity — energy input

Energy used for electricity generation comes from fossil fuels and renewable sources. For the Energy-
Calc, it was estimated from the emission factors as follows:

1. Fossil fuel (thermal) generation is assumed to be 1/3 efficient (the other 2/3 being wasted as
heat and minor transmission losses). l.e. 3 kWh of fossil fuel energy is used to generate 1 kWh of
electricity.

2. Thermal generation is assumed to be proportional to the emission factor, with EF of 1 = 100%
thermal and EF of 0 = 0% thermal.

3. Renewable generation is assumed to be 100% efficient as there is no wastage.
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4. The fraction of thermal generation is multiplied by 3 and added to the fraction of renewable

generation.

Example: For an electricity grid with an EF of 0.75, 1 kWh of electricity delivered = (0.75 x 3) + (1-0.75) =

2.5 kWh of energy is used to generate it.

Table 5.1 Electricity emission and energy factors — countries and states

Emission factor Energy factor
Country or State or Territory kg CO,-e/kWh Energy in!aut : energy
delivered
Australia (average) 0.90 2.80
NSW & ACT 0.81 2.62
Vic 1.02 3.04
Qld 0.81 2.62
SA 0.44 1.88
WA (SWIS) 0.69 2.38
WA (NW) 0.59 2.18
NT 0.55 2.10
Tasmania 0.15 1.30
NZ (N. Is.) 0.19 1.38
NZ (S. Is.) 0.04 1.08
US (average) 0.38 1.75
Europe (average) 0.33 1.66
S America (average) 0.17 1.34
China (average) 0.68 2.36
India (average) 0.81 2.62
Malaysia 0.65 2.29
Thailand 0.66 2.32
Korea 0.54 2.09
Indonesia 0.73 2.46
Japan 0.56 2.12
Saudi Arabia 0.71 2.42
85% RE 0.15 1.30
OTHER (enter) 0.33 1.66

5. OTHER FUELS

GHG-Energy Calc7 has fuel 6 fuel categories under ‘other fuels’:

e Gas (kwh)
e LPG (kg)

e Liquid fuels — boat and mower fuel, kerosene and heating oil (L)

e Wood (tonnes)
e (Coal (tonnes)
e Wood pellets (tonnes)
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Gas, kerosene and heating oil

The energy and emissions factors used by GHG-Energy Calc7 are summarized in Tables 6.1 and 6.2

6.1 Energy and emission factors for natural gas
Source: Dept. of Climate Change, 2008. National Greenhouse Accounts (NGA) Factors

Energy Full Fuel Cycle Full cycle
GAS fuels content kWh | emission factor kg | emission factor
per unit C0O,e/GJ kg CO,e/kWh
Natural gas NSW and
ACT, SA 1 66.1 0.24
Natural gas NSW and ACT 1 58.9 0.21
Natural gas Qld, Tas, NT 1 57.3 0.21

Note: A standard large domestic LPG cylinder contains 43 kg

Table 6.2 Energy and emission factors for heating oil and LPG

Full Fuel Cycle Full cycle emission
Other fuels Energy content Energy content emission factor kg | factor kg CO,e/
MJ/ kgorl kWh/ kg or L CO,e / GJ kg or L
Heating oil/ 37.3 10.361 74.4 2.78
kerosene (per L)
LPG (per kg) 25.5 7.083 65.3 1.67

Wood / biomass

IPCC rules do not count the CO2 emissions from the burning of wood in heaters and stoves because it is
assumed to be removed from the atmosphere within a few years when the plantation re-grows.
However solid fuel wood heaters emit significant amounts of methane, a potent GHG, particularly where
the air supply is restricted and firebox temperatures are lower.

Domestic wood heaters range in efficiency from about 25% for old, open-type fireplaces to 54% for
conventional heaters to 68% for catalytic and pellet heaters (US EPA - Pechan and Associates, 1993).
There are many published estimates of t CO,e methane emissions from them. For example DoCC, 2008
cites 0.25 tCO2/ t for wood burned; Bhattacharya, 2002 cited methane emissions for traditional village
cook stoves varying by a factor of 10 but equating on average to 0.31 t CO,e / tonne fuel. Robinson, 2011
estimates 0.47 t CO,e / kg wood for Australian wood heaters as a large proportion of them smoke due to
incorrect air setting or use of wet wood. In reality the rate of methane emission depends on the air
setting, dryness of the fuel and design (efficiency) of the heater. The figure of 0.47 is used in GHG-Energy
Calc.

Wood pellets burn in a very hot fan-forced fire box, oxidizing all fuel to CO2 with very low methane and
carbon monoxide emissions. Ozgen et al, 2018 estimated that automated pellet heater methane
emissions are an order of magnitude lower than standard wood billet (batch-working) room heaters.
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The emission factors (t CO,e) for solid fuel heaters are (table 6.3):
e For dry firewood billets, emission factor of 0.47 tCO2 per tonne of firewood (Robinson, 2011)
e For coal, the NGA emission factor 2.5 (DoCC Australia, 2008) + methane emissions of 0.47 = 3
tCO2 per tonne.
e Fan forced pellet heaters, emissions factor of 0.05 t CO,e / t. (Ozgen, et al, 2018)

Table 6.3 GHG-Energy Calc energy and emission factors for wood heaters

Emission Factor for GHG-
Heater type Energy content kWh/ kg| Energy Calc (tCO,e / tonne of
dry fuel)
Standard wood heater 4.5 0.47
Standard heater (coal ) 7.5 3
Biomass pellet heater, fan forced 4.5 0.05

Note: Smoking heaters emit particulates (PM 2.5), which are a serious health hazard. They also emit many
times more methane and carbon monoxide than clean burning heaters. It is essential that the air supply
is kept open and the fire is burning brightly at all times to prevent smoking.

6. FOOD AND GROCERIES
Food and grocery classes - embodied energy

Full tables of energy inputs for foodstuffs and groceries could not be found in the literature, so the
author has compiled a table of estimated energy inputs for the primary production (Pimentel, 1980,
Narayanaswamy et al, 2003) and manufacture (Carlsson- Kanyama and Faist, 2000; Narayanaswamy et
al, 2003) of foods. Transport energy was estimated for Australia intrastate, interstate and imported. Food
containers/packages were weighed and the embodied energy of the containers estimated. These inputs
were summed to give an estimate, by process energy analysis, of energy inputs for the primary
production, manufacture, packaging and transport of foods. GHG-Energy Calc does not include emissions
from retail of wholesale trade. The figures were checked against full life cycle energy figures for Swedish
foods (Carlsson-Kanyama, Carlsson et al, 2002)

Note: The main non-food groceries such as soaps, shampoos, detergents, nappies and toilet paper are
included in the food section.

Food and grocery classes — CO,e emissions from energy used
Some of the sources used in this study provide energy input data in MJ but not emissions data. It is
impossible to determine the breakdown of energy inputs and their emission factors for all types of foods.
Three emission factors for different categories of foods — 0.16, 0.12 and 0.08 kg CO,e / MJ - were
estimated according to assumptions as to breakdown of energy used:

e Electricity -electric motors, lighting and minor heating in factories

e Qil - farm machinery, water pumping, fertilizers and chemicals

e Gas - factory heat and farm fertilizers and chemicals
Refer to Section 1 for detailed tables

Methane emissions from ruminant animals - beef, lamb and dairy products
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Emissions from meat and dairy milk production were calculated for typical breeding herds, using
software developed by Eckard, 2007.

Methane emissions were added for red meats and dairy products:

e Mature dairy cows = 249 |bs =110 kg CH4/ head/ year = 2.2 tonne CO,e / head per year. Annual
production of 320 kg milk solids/ year (NZ MAF) = 2200/320 = 6.8 kg CO,e /kg milk solids = 0.7 kg
CO.e / kg milk

e Beef cattle emit 1 tonne CO,e / head per year. To raise an 18 month old beef animal, it can be
assumed that 2.2 years of emissions are incurred — 1 year for the mother — conception, gestation
and lactation plus 1.25 years for the growing animal. The carcass can be assumed to yield 250 kg
of beef.
Methane Emissions compute to : 2250/250 = 9 kg CO,e / kg of beef.

Manure methane and NOx emissions were also taken into account for meats:
Beef and lamb 2.3 kg CO,e / kg meat

Pork 2.3 kg CO,e / kg meat

Chicken .03 kg CO.e / kg meat

(Meat Eaters Guide, 2019)

Estimates vary widely depending mainly on the time taken to fatten the animals. Claims that organic
grass fed beef is lower emitting are false and emissions may even be higher. Estimates by Avery et al
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2535638/ put beef in the US at 22 kg CO,e / kg, organic
beef in Sweden at 22.3 and intensively fed Wagyu beef in Japan at 36.4. The GHG-Energy Calc estimate of
20 kg CO,e / kg of meat for beef and lamb in Australia is conservative and takes all these references into
account.

Global Warming Potential (GWP) for 10 categories of foods

Table 7.2 below was compiled to give ‘ball park’ estimates of average GHG emissions for 8 groups of
foods used in GHG-Energy Calc7. Emissions for some foods were estimated by multiplying the energy
input (derived from Carlsson — Kanyama et al) in MJ by an estimated emissions factor (kg CO,e /MJ) of
0.08, 0.12 or 0.16 depending on the energy sources assumed to be used for that category of food (see
Section 1).

References giving direct CO2 emissions per kg of food were also utilized (see below). Methane emissions
from ruminant digestion and nitric oxide emissions from manures were added for meats from farm
animals. Multipliers to account for waste (used in EWG, 2011) were not applied, as GHG-Energy Calc7
estimates food purchased, not food consumed.

Data from the following sources was used to derive the figures:

e Carlsson-Kanyama, A; Carlsson, R. (Environmental Strategies Research Group/FOI Stockholm,
Sweden). Moll, H and Kok, R. (IVEM University of Groningen the Netherlands). Household
Metabolism in the Five Cities. Swedish National Report-Stockholm.

e EWG Meat Eaters’ Guide, 2011. https://www.ewq.org/meateatersguide/a-meat-eaters-guide-to-
climate-change-health-what-you-eat-matters/climate-and-environmental-impacts/

e Eckard, R, 2007. ‘A decision Support Framework for Greenhouse Accounting’ CO2 calculators for
beef, dairy and sheep enterprises. University of Melbourne, DPI Victoria.
http://www.greenhouse.unimelb.edu.au

e  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2535638/

e https://aligningwithearth.com/ranking-foods-carbon-footprint/ ;
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Table 7.2 Embodied energy and CO,e emissions per kg of food for 8 categories in GHG-Energy Calc7

Food class

Average
energy
input
MJ/kg

Average
energy
input
kWh/kg

Methane
emission
ruminant

N,O
emiss-
ions
soils,
manure

Emission
factor
for
energy
(kgCO.e/
MJ)

CO,e
emission
from
energy

Estimated
total
emissions
kg CO,e/kg

L1- Fresh / minimally packaged:
fruit, vegetables, grains,
potatoes, pulses, flour, rolled
oats

7.5

2.1

0.2

0.08

0.6

0.8

M1 Milks (dairy and soy) in
plastic containers

10

2.8

0.7

03

0.08

0.8

1.8

M2 - Eggs, canned - beer, fruit,
vegetables, juices; biscuits,
frozen veg/fruit/pastries,
yoghurt, custard, breads, pasta,
rice, muesli, pulses, soy
products, cool drinks and
juices in plastic bottles, cakes,
frozen veg, biscuits, pastries
toilet paper

17.5

4.9

0.1

0.12

2.1

2.2

MH1 - Wines in glass bottles,
dried fruits, nuts, sugar,
processed breakfast cereals, ice
cream, frozen desserts,
chocolates, corn/potato chips,
margarine, tea/herbs, ground
coffee

27

7.5

0.12

3.24

3.2

MH2 - Chicken, bottled or
canned cooking oils, sauces and
dressings, jam, honey, syrups,
chutneys , canned tuna

37

10.3

0.1

0.12

4.44

4.5

H1 - Farmed salmon, soup
powders, instant coffee, spirits;
soaps and detergent, shampoo,
nappies, light bulbs

50

13.9

0.1

0.16

8.1

H2 - Pork, cheese, butter,
cream, milk powders,

62

17.2

3.5

14

0.08

4.96

9.9

VH1 - Beef and lamb meat and
sausages

95

26.4

10

2.3

0.08

7.6

19.9
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7. WASTE

Municipal solid waste (MSW) contributes to greenhouse gas emissions in two ways:
e Embodied energy and emissions of the waste materials.
e Methane emissions from anaerobic decomposition of organic materials in landfill.

MSW from household kerbside bin collections amounts to about 480 kg per person per year
It is composed about 80% organic materials ( food scraps, paper and cardboard) and remainder is inert
materials - glass, plastics , metals, ceramics (RMIT,2001)

The following classes of waste are NOT included in MSW.

e Garden wastes, as these are usually collected separately and mulched, composted or burned.
They do not contain significant embodied energy and do not result in significant methane or
embodied GHG emissions.

e Old appliances and furniture that are discarded. Annual embodied energy and emissions of these
items are estimated in the ‘House — Contents’ section.

MSW is collected in 240 litre bins. It is assumed that the contents of a full 240 L bin pushed down by hand
weighs 30 kg. |.e. 8L of waste equals 1 kg.

Average MSW per person in kerbside bin collections = 476 kg per year = 9.1 kg/week

How GHG-Energy Calc7 estimates embodied energy and emissions of waste
Avoiding double-counting

To avoid double-counting of packaging and containers, embodied energy and emissions are accounted
for as follows:
e All food and grocery packaging and containers are counted in the food/ groceries section. Small
credits are allocated under recycled waste for their net value as recycled feedstocks.
e Embodied energy and emissions of food wasted is already counted in the food/ groceries section
e Other fragmented inert materials in landfill waste are assumed not to have been purchased with
food and groceries and are counted in the waste section.
e (Clean newspapers, paper and cardboard boxes are assumed not to have been purchased with
food and groceries and are counted in the waste section.

Methane generation from landfill

Methane emitted by landfill counts as GHG emissions because it is produced by this man-made source. It
results from anaerobic decomposition and would not have been produced if the organic materials had
decomposed by natural aerobic processes — composting or burning. Although these processes produce
carbon dioxide, the CO, taken up by the organic material is cycled back into the atmosphere, and is
assumed to produce negligible net GHG emissions. Methane is accounted for in the landfill bin and CO,e
emissions are reduced by 9% if food waste is composted at home.

GHG-Energy Calc7 has boxes for the user to enter:
e The estimated total volume of waste deposited in the green landfill bin (weekly) and yellow
recyclables bin (fortnightly) by entering % of bin filled.
e Toggle buttons for yes or no to composting food waste.
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All clean recyclable containers, newspapers, paper and cardboard are assumed to go in the yellow

recyclable bin.

The weekly rubbish (landfill) bin contents are assumed to comprise by weight:

e 50 % food waste — embodied energy and emissions are already accounted for in the Food/ groceries
section. However the methane that these materials emit in landfill is accounted for in the Waste
section. If the user ticks yes for composting at home -an aerobic process that doesn’t produce
methane —the methane emissions from the landfill bin contents are reduced by 25%

e 25% soiled or fragmented paper waste (e.g. nappies tissues and wipes), paper and plastic food
wrappings and other organic materials. The embodied energy and emissions of these materials are
accounted for in the Food / groceries section. Only the methane emissions from this waste stream
are all accounted for in the Waste section

e 25% inert fragmented materials such as plastic, broken glass and ceramics and sweepings. This
stream is not methane emitting, but the embodied energy is accounted for in the Waste section.

Table 8.1 Landfill bin contents - embodied energy, CO,e and methane per kg waste

Methane
Landfill reduction
Assumed kg methane from
of material in | Embodied Embodied emissions composting
1 tonne of bin | energy (kWh/ | (kgCO,e/ kg | (kgCO,e/ kg | (kgCO,e/ kg
contents kg waste) waste) waste) waste)
Food waste 500 0* 0* 0.25 -0.13
Soiled/ fragmente.d paper and 250 o o 0.125 n/a
cardboard packaging
Inert soiled/ fragmented
materials — about 60% plastics, 250 3.76 1.10 0 n/a
40% broken glass / ceramics
Subtotals 3.76 1.10 0.38 -0.13

*Embodied energy and emissions of these materials is counted in the Food/ groceries section

The recycle (yellow) bin contents are all assumed to be recycled and to comprise, by weight:

e 55% clean newspapers, magazines and cardboard. As these are not accounted for in food
purchases their embodied energy and emissions are fully accounted for in recycled waste. They
incur net positive emissions in the Waste section, after a minor percentage is subtracted for their
emissions reduction value when used as recycled feedstocks. (Table 8.2 below)

e 45% empty containers made of metals, glass and plastic, for example food drink and detergent
containers. The embodied energy and emissions of these items is fully accounted for in the food
section. They are assumed to be made of virgin materials and accorded a small negative
emissions score, as it is assumed they are all used to provide recycled feedstocks to produce new
items, incurring less emissions than virgin feedstocks (see Table 8.2 below).

Rose, B.]., 2020. GHG-Energy Calc7 Technical Paper

Page 26




Garden/organics (red) bin (if applicable)- contents are garden, organic and food waste which either have

no embodied energy or in the case of food this has been counted in the food section. It is assumed that

this waste will be incinerated or composted, giving a small emissions saving by removing it from landfill,

which offsets the small amount of emissions from the collection of the waste.

Table 8.2 Recycle bin contents - embodied energy and emissions per tonne

kg in 1 embodied Net kg
tonne of | Energy kWhin 1 | CO,e/ kg | % savings | CO, in 1 NOTES
recycl- kWh / kg | kg  bin | virgin on virgin | kg bin
ables virgin contents | material CO,e contents
Newsprint and office 141 5362 Coupted in Waste
paper 450 3.46 -16% 1.312 section (net,
Misc. papers and minus recycling
14.1 1,210 .
cardboard 100 ’ 3.46 -14% .296 savings)
Glass 235 6.3 n/a* 2.12 -13% -.064 * Already counted
Aluminium **** 11 57.2 nfa* | 1936 -45% _gg7 | Infood/groceries
. o6 Ja* . section. Minus
Steel cans 70 . n/a 3.82 -11% -.030 values are savings
Plastics 134 20.9 n/a* 5.9 -3% -.027 from recycling.
Total energy /
CO,e/t 1,000 6.572 n/a n/a 1.391
Sources:

Grant,T; James, K et al, 2001. 'Life Cycle Assessment of Paper and Packaging Waste Management

Scenarios in Victoria'

https://apps.epa.nsw.gov.au/recyculatorapp/recycling.aspx

Waste summary table - embodied energy and emissions in GHG-Energy Calc7

Table 8.3 summarizes the energy and emissions per kg of the landfill and recyclables bins from Tables 8.1

and 8.1

Table 8.3 Embodied energy and emissions per kg of landfill and recyclable waste as accounted for by

GHG-Energy Calc?7

Embodied plus Methane
. methane emissions removed
UL LR G emissions by composting
R e (kgCO,e/ kg food (kgCO0,e/ kg
waste) waste)
Landfill bin 3.80 1.47 -0.13
Recyclables bin 6.57 1.40 0
Garden organics food bin
. . 0 0 0
(if applicable)
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8. HOUSE

Housing incurs two types of emissions:

1. Direct emissions from heating, cooling, cooking, appliances and lighting. These are accounted for
under ‘electricity’ and ‘other fuels’.

2. Embodied emissions from the embodied energy used to produce the materials and construct the
house, which are accounted for in this section.

House (embodied emissions)

GHG-Energy Calc estimates embodied emissions according to the construction type, lockable area and
age of the house.
e Homes aged 1- 60 years of age - 100% of energy and emissions are annualized over 60 years
e [tis assumed that homes over 60 years of age will have had a new refit and roof, incurring 40% of
energy and emissions for the whole home (Appendix A 12)
e Homes over 60 years of age - 40% of energy and emissions are annualized over 60 years

The embodied energy and emissions figures used in GHG-Energy Calc7 are derived from:

e Reports by the Author estimating the embodied energy and CO2 emissions of double brick, single
and double storey homes.

e Estimates from several references for different house envelope construction types.

e Embodied energy of house components is derived from Pullen, 2000, Lawson, 1996, and Alcorn,
1998.

e Embodied energy of construction and fit-outs are derived from audits conducted by the Author
on a transportable homes factory and a kitchen factory.

Table 8.1 below shows GHG-Energy Calc7 estimates for complete homes. These were derived by applying
relative materials embodied energy of 9 house envelope types (Lawson, 1999) to energy and emissions of
a standard double brick house envelope with steel roof, from a detailed study by Rose BJ, 2008. Set
figures for fit-out, construction and administration from the same reference were added to all house
types.

Embodied emissions of house types in Europe are 10% - 15% higher (Monaghan et al, 2012) - probably
due to more substantial insulation and glazing requirements and the inclusion of basement heating
systems — compared with the GHG-Energy Calc figures, which are for houses built for temperate climates
in Australia.
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Table 8.1. Embodied energy and emissions of house types for GHG-Energy Calc7

Construction type

Embodied
energy
(MJ/sq m)

Embodied
energy
(kWh/ sq
m)

kWh / sq
m/ year
over 60
year life

Emissions
(kgCO,e/
sqm)

Kg COZQ/
sq m/ year
over 60
year life

% of
standard
d/b -steel
house
emissions

Double clay brick, clay or
concrete tile timber frame
roof, 110 mm concrete
slab on ground.

4580

1272

21.2

511

8.5

0.94

Double clay brick, all steel
roof, 110 mm concrete
slab on ground.

4895

1360

22.7

542

9.0

1.00

Double clay brick 2 storey,
all steel roof, 125 mm
concrete slab both storeys

5051

1403

23.4

558

9.3

1.03

Timber frame brick veneer
clad, clay or concrete tile
roof, 110 mm concrete
slab on ground.

4089

1136

18.9

462

7.7

0.85

Single concrete cavity
block, steel roof 110 mm
concrete slab on ground.

3909

1086

18.1

444

7.4

0.82

Steel frame, steel
(colorbond) clad, all steel
roof, 110 mm concrete
slab on ground

4077

1132

18.9

460

7.7

0.85

Steel frame, fibro-cement
clad, steel roof, 110 mm
concrete slab on ground

3958

1099

18.3

449

7.5

0.83

Steel frame, fibro- cement
clad, all steel roof, steel /
board elevated floor

3400

944

15.7

393

6.5

0.72

Timber frame, timber
weatherboard cladding;
tile roof, timber elevated
floor.

3001

834

13.9

353

5.9

0.65

For more detailed table refer to Appendix A12
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9. CONTENTS and BUILT STRUCTURES

Contents

Contents and possessions include the furnishings, appliances, bedding, clothing and other common
possessions such as books normally found in houses. Embodied energy and emissions of possessions

were calculated in Appendix 6 by:

e Taking full life cycle embodied energy figures from Carlsson- Kanyama et al, 2001 and Rose, 2004,

rounded to nearest 100 MJ (Appendix 6).

e Subtracting 20% for trade and disposal where the figures were for full life cycle.
e Dividing by an expected life -from 5 years for computers to 30 years for boats and caravans.
e Multiplying by the emissions factor for manufactured goods of 0.12 kg/MJ and dividing by 1000

to give tonnes of emissions per year.

A detailed inventory of embodied energy and emissions data for home contents were estimated for 3
categories of homes — basic, average and high-mod. (Appendix 6) and 2 other categories — ‘minimal’ and
‘high-quality’ were added by interpolation. Embodied energy and emissions of ‘Contents’ used in GHG-

Energy Calc7 are outlined in Table 9.1

Table 9.1 Annual embodied energy and emissions for ‘House Contents’ section of GHG-Energy Calc7

Embodied E:::ZZ;::E:
Household contents enerfy kWh / tonnes CO,e/
year "
year
MINIMAL- As for basic but mostly old or used, only small sized basic old
or reconditioned appliances, basic clothing and bedding mostly more 886 0.4
than 5 years old for two people
BASIC - Basic furnishings for 2 bedroom unit. one of each essential
appliance — small/ basic models, basic clothing and bedding for 2-3 1,771 0.8
people
AVERAGE - Standard furnishings for 3 bedroom house appliances and
furnishings, one of each common appliance, including computer, 3,771 1.7
average quality wardrobe and bedding for 3 or 4 people
HIGH-MOD - High quality furnishings large house. More than one of 3
large appliances, e.g. fridge/freezers, TV’s, dishwashers, computers,
pianos, audio equipment; more than one lounge or dining suite, 70 kg 6,128 2.8
of new books, large wardrobe of clothes and bedding, mostly less
than 2 years old. for 5 or 6 people
HIGH, QUALITY- Top quality furnishings for large luxury house. More
than one of 4 near new large quality appliances or suites as above; >70 8754 4

kg new books, very large wardrobes of near new expensive clothes and
bedding for 7-8 people
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Detached Built Structures

In section 9 users can also enter the area or length of additional separate constructions on their block.
For example sheds, alfresco, fences, pools. Table 9.2 below shows the embodied energy and emissions
over an assumed 60 year lifetime. Sheds are assumed to be shell only, concrete block or steel
construction with steel roof.

Table 9.2 ‘Including’ — free standing additions

kWh/ kg CO,e
'Including' - free standing kWh sgmor | MJ/sqgm | EFkg / per
additions per Assumed | length / | orlength | CO.e/ unit per
unit unit life years | year / year MJ year
Separate garage or shed single .
brick or framed steel walls, g 548 60 9.13 32.86 0.092 3.02
. metre
concrete slab, steel or tile roof
Roofed open areas -car ports, > 357 60 5.95 2142 | 0.092 1.97
alfresco's pave or slab metre
Fence- brick or framed steel metre | 186 60 310 | 1116 | 0092 | 1.03
assuming 1.5 m height
> 96 60 1.60 5.76 0.092 | 053
Paving (brick or concrete) metre
59 478 60 7.97 2868 | 0092 | 2.64
Pool (concrete below ground metre
'External items'
E.g. boats caravans, trailers, kilogram | 21.9 30 0.73 2.63 0.114 0.26
lawnmowers

10. EXTERNAL ITEMS

‘External items’ are large manufactured items external to house contents. There are three data input
cells, for three categories of goods, with increasing embodied CO2e emissions:

e [tems with the main components (by weight) made of steel, such as trailers, caravans, ride on
mowers and garden tractors. Enter weight in kilograms. Embodied energy of manufactured
items is assumed to be the same as that for a car (Appendix A9). Embodied emissions are derived
using the emission factor of 0.114 kg CO,e per MJ for manufactured items in Asia (Section 1). All
external items were assumed to have a life of 30 years. Items that are older than 30 years can be
omitted.

e [tems with the main components (by weight) made of aluminium which has high embodied
emissions due to high electricity use in smelting®. For example boats bicycles lawnmowers and
chainsaws. Enter weight in kilograms. Assumed life is 30 years; if they are older than that they
can be omitted.
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e Solar PV panels, which have very high embodied energy due to high electricity use* in the
manufacture of the crystalline silicon cells. Enter capacity of panels in kWh. Assumed life is 30
years; if they are older than that they can be omitted.

Note: The electricity emission factor is assumed to 0.67 kg CO2e/ kWh, the average for manufacturing
in Asia, where most of the world’s aluminium is smelted. If these items were manufactured with

mainly renewable electricity (EF<0.2), CO2e emissions could be greatly reduced.

Table 10.1 Annualized embodied energy and CO2e emissions of external items

kWh/ kg kgCO2e / kg
manufacture | manufacture | Assumed
& & life kwh / kgCO2e/
maintenance | maintenance | (years) kg/ year | kgl year
Mainly steel - e.qg.
caravans, trailers, tractors, 35 9.4 30 1.17 0.31
solar HWS, fibreglass,
steel or wood boat hulls
Mainly aluminium - e.g.
outboard motor, alum. 40 23 30 1.33 0.77
boat, bicycle
kwh/ kw kgCO2e/ kW
manufacture | manufacture | Assumed | kWh/
& & life kw/ kgCO2e/
maintenance. | maintenance | (years) year kW/year
PV panels 8,517 2,731 30 284 91
Uncertainties

GHG-Energy Calc7 outputs for ‘House’, ‘Detached Built Structures, ‘Contents’ and ‘External items’ have an
uncertainty range of about +- 30%. The annual energy and emissions estimates for built structures are
probably conservative, as in many cases they are likely to be demolished and replaced before the

assumed age of 60 years.

Factors contributing to uncertainties include:

Rose, B.]., 2020. GHG-Energy Calc7 Technical Paper

Some houses will be demolished or destroyed by ‘force majeure’ before they reach 60 years of
age. The actual energy and emissions incurred in such cases are therefore greater than
estimated. For example a house that is demolished at 20 years of will incur 3 times greater than
estimated.

In reality there are differences in efficiency of materials manufacturing processes and the mix of
energy sources used by the manufacturer. Variations in components of the building tend to
cancel each other out, meaning that this source of error is unlikely to be greater than 10%
Houses that undergo major refits before the age of 60 will be higher than estimated.

It is assumed all materials are new; use of recycled materials would reduce embodied energy.
External items such as bicycles, mowers and solar hot water systems may not last as long as 20
years, in which case they will incur higher embodied emissions than estimated.
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11. WATER

The energy used to supply water for an average household is about 2/3 operational energy used to pump
the water and 1/3 embodied energy of the water supply infrastructure and pipes.

Per capita water consumption and water utility energy use were taken from a CSIRO 2008 report ‘Energy
Use in the Provision and Consumption of Urban Water in Australia and New Zealand’, of water supply in 7
major cities in Australia and New Zealand.

Energy use per kilolitre was derived from these figures as summarized in Table 11.1 below

Table 11.1 Operational energy of water supply - 7 major Australia and NZ capital cities

kWh/ Assumed Kg CO,e/
MJ/ capita | capita / kL/day kL/ year kWh/ kL electricity KL* 2
year* EF
443 123.06 0.15 54.75 2.25 0.9 2.025

Assuming electricity EF 0.9 kg CO2e/ kWh
* CSIRO, 2008. Average 2006-7 per capita water use and water utility energy consumption

Pullen (1999) estimated the embodied energy for water supply, wastewater and stormwater services in
an Adelaide suburb were 0.7, 2.4, and 1.6 GJ per house per year respectively (total of 4.7 GJ or 1305 kWh
per house per year). However, as the consumer has no control over this infrastructure, embodied energy
has not been included in GHG-Energy Calc.

The energy and emissions factors used in the water section of GHG-Energy Calc are:

e Operating energy, urban water utility = 2.25 kWh/ kL
GHG-Calc multiplies the energy figure by the emissions factor for electricity entered by the user under
‘Electricity’ . For example, if the average EF of electricity generated in Australia of 0.9 kgCO2e/ kWh was

used to convert energy to emissions.

e Emissions from urban water utility energy use would be 2.25 *.9 = 2.03 kgCO,e/ kL
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APPENDICES

Al Greenhouse gases (GHG) and global warming potential (GWP)

Full details of global warming and greenhouse emissions are beyond the scope of this paper but are well
documented, for example on the Australian Government Department of Agriculture, Water and the
Environment website. The essential points are as follows:

The main sources of greenhouse gas (GHG) emissions are from the combustion of fossil fuels — coal,
petroleum products, natural gas and LPG — for energy, termed fossil fuel energy. The main GHG produced
in this way is carbon dioxide (CO,). Other greenhouse gases — methane and nitrous oxides — come from
agriculture and the anaerobic decomposition of organic materials, mainly from landfill waste and
ruminant digestion.

Although the least potent in terms of GWP, CO, causes 76% of global warming; 75% of this figure is from
burning of fossil fuels and 25% from land use change (SafeClimate, 2006). The huge volumes that are
being emitted from the burning of all fossil fuels are beyond the capacity of the oceans, soil and forest to
absorb and re-convert it via uptake by living organisms into hydrocarbons, which takes hundreds of
years.

Methane (CH4) is another major greenhouse gas, accounting for 23% of global warming. Significant
anthropogenic (man-made) sources of methane are fugitive emissions from fossil fuel extraction,
anaerobic decomposition of organic matter in landfill and agriculture and smoke from rangeland burning
and wood-burning stoves/heaters.

Nitrous oxide (N20) is a significant greenhouse accounting for about 7% of global warming Although its
GWP is much higher than CO, (Table 1.1), the quantities emitted are several orders of magnitude less.
Nitrogen fertilisers and fertilized agricultural land under damp, warm conditions are the main source of
nitrous oxide emissions.

Other significant causes of global warming are N20 from the hot exhausts of jet aircraft. Nitrogen oxides
such as NO and NO2, which are emitted from hot exhausts in particular shipping are not greenhouse
gases in themselves. However these oxides of nitrogen react with oxygen to form ozone, a potent
greenhouse gas that is not included in the Kyoto list of GHG’s because it has a short life of only a few
days.

Chlorofluorocarbons (CFC’s) are synthetic chemicals used in industry and as refrigerants. They include the
most potent of greenhouse gases and cause damage to the ozone layer but are only produced in small
quantities.
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A2

Australia’s emissions by sector

The sources of Australia’s 2019 GHG emissions, by sector are

. Electricity 33.1%

. Stationary energy excluding electricity 19.3%

o Transport 18.8%

. Agriculture, 12.7% (mainly methane and nitrous oxides)

. Fugitive emissions (from coal mining and gas/oil production) 11%
. Industrial processes 6.4%

. Waste (mainly methane) 2.2%

. Land clearing -3.5%

Reference: https://www.environment.gov.au/system/files/resources/6686d48f-3f9c-448d-alb7-

7e410fe4f376/files/nggi-quarterly-update-mar-2019-data-sources.xIsx

Over the last decade, the most significant changes have been transport, up from 14% to 18%, fugitive
emissions up from 5% to 11% and land use/ clearing, down from 7% to -2.5%. Electricity emission have
declined due to increasing renewable energy

However the breakdown of the individuals’ emissions as calculated by GHG-EnergyCalc7 is quite different
with transport (35%), food (20%) and electricity (17%) being the main sources for typical households

Note: The Australian National Greenhouse Accounts transport emissions figure does not include

international aviation or shipping.

A3

The ‘Kyoto listed’ greenhouse gases and relative global heating effect.

Table 1.2 The ‘Kyoto listed’ greenhouse gases and relative global heating effect.

Greenhouse
gas chemical
formula

GHG name

Global
warming
effect, relative
to CO2

Atmospheric
residence
time

Contribution to global warming
(GWP, in relation to CO2)

Co, Carbon dioxide

Up to 200
years

CO2 from burning fossil fuels
causes 65% of global warming and
CO2 from land clearing and
cultivation a further 11%

CH4 Methane

28

12 years

Next order of importance.
Significant quantities produced
from domestic livestock and
waste disposal by landfill.

N20 Nitrous oxide

265

114 years

Relatively small quantities mainly
from nitrogenous fertilizers and
accelerated burning of vegetation.
Cause 6% of global warming.

Other, mainly
Hydro fluoro-
carbons and
perfluorocarbons

150-11,700
6,500 — 23,900

Minor - although many have
extremely high GWP per kg they
only are emitted in very small
amounts by some industries.
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http://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-

Values%20%28Feb%2016%202016%29 1.pdf

Global Greenhouse Gas Emissions by Gas

F-gases 2%

\\Nitrous
‘\OXIdE
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N
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\

(iilrbon Dclloxr'lde processes)
orestry and other o/
land use) =

11%

Carbon Dioxide
(fossil fuel and industrial

Source: IPCC (2014) based on global emissions from 2010. Details about the sources included in these
estimates can be found in the Contribution of Working Group 11l to the Fifth Assessment Report of the

Intergovernmental Panel on Climate Change.
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A4 GHG-Energy Calc7 scope and boundaries

Embodied Energy and Emissions

For the purposes of this paper and GHG-Energy Calc7:

. Embodied energy is defined as the energy used in the production, manufacturing, packaging and
transport of foods and consumer goods. In Australia, over 90% of this energy comes from fossil fuels.
. Embodied emissions are defined as the sum of the greenhouse gases emitted in the combustion

of fossil fuels in all aspects of production, including electricity, upstream fuel emissions and machinery
depreciation, together with other Kyoto listed greenhouse emissions such as methane and nitric oxides
that may be emitted as a result of production processes.

Scope and boundaries

The scope of GHG-Energy Calc7 includes primary emission sources i.e. direct energy use and consumption
of goods and transport, over which the consumer can exercise direct choice. Three categories of energy
and emissions are not included in the scope of GHG-EnergyCalc7 estimations:

e End of life scrapping and recycling (generally small negative amounts).

e Services such as health, education, insurance wholesale and retail trade and banking. These
institutions’ direct consumption of energy and goods is out of the user’s control and they need to
be doing their own audits to reduce their emissions.

e Government and corporate owned infrastructure such as roads, railways, airports and mines.
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A5

Energy content and full cycle emission factors of fuels

Source: Dept. of Climate Change Australia, 2008. National Greenhouse Accounts (NGA) Factors

Full Fuel Full Fuel
Energy Energy Cyc_le_ Cyc.le . FuII_ cYcIe
content MJ content emission emission emission
kWh factor kg factor kg factor
CO,e/GJ CO,e/kWh
SOLID fuels MJ/kg KWh/ kg tg Coze/
Black coal for electricity
NSW 225 6.3 98.1 0.353 2.21
Black coal other uses 27.0 7.5 93.1 0.335 2.51
Wood/ wood waste 16.2 45 15.6 0.056 0.25
residential
LIQUID fuels M)/ Litre | kWh/ litre :?fr:OZe/
Petrol 34.2 9.5 72.4 0.261 2.48
Automotive diesel 38.6 10.7 74.5 0.268 2.88
Fuel oil 39.7 11.0 78.4 0.282 3.11
biodiesel 23.4 6.5 62.1 0.224 1.45
ethanol (wheat starch, 23.4 6.5 54.5 0.196 1.28
waste)
Aviation turbine fuel 36.8 10.2 74.5 0.268 2.74
Crude oil 38.2 10.6 74.5 0.268 2.85
Heating oil 37.3 10.4 74.4 0.268 2.78
LPG (per litre) 25.5 7.1 65.3 0.235 1.67
LPG (per kg) 47.2 13.1 120.9 0.435 3.09
Energy Full cycle
content emission
GAS fuels kWh per factor kg
unit CO,e/kWh
2:tura| gas NSW and ACT, 1 66.1 0.238 0.24
Natural gas NSW and ACT 58.9 0.212 0.21
Natural gas Qld, Tas, NT 57.3 0.206 0.21
1 MWh= 3.6 GJ
1G)= 277.8 kWh
1 unit of Gas 1 kWh

*https://pellets-wood.com/news-wood-pellets-output-and-efficiency-1.html
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A6 Embodied energy and emissions of house contents categories in GHG-Energy Calc7

Emission Factor appliances kgCO2e/MJ 0.114 basic (2 people) average (3 or 4 people) high (5 or 6 people)
Annual
emb.
energy Annual kg|No.  of No. of| No. of|
Kg GHG/|Expect-ed (MJ/kg/ CO2e/ items Energy items Energy items
ITEM Ml /item |item life (years) |year item/ year [owned (M) kg CO2e |owned |MJ kg CO2e |owned Energy MJ |kg CO2e
bicycle 2400 273.6 15.0 160.0 18.2 2 320.0 36.5 2 320.0 36.5 4 640.0 73.0
Fridge; freezer; 5600 638.4 20.0 280.0 319 1 280.0 giLe) 1 280.0 319 2 560.0 63.8
washing machine 5200 592.8 15.0 346.7 39.5 1 346.7 39.5 1 346.7 39.5 2 693.3 79.0
dish washer; clothes drier; air conditioner 4000 456.0 15.0 266.7 30.4 0 0.0 0.0 2 533.3 60.8 4 1066.7 121.6
Il electric kitchen impl t-
smal electric Kitchen Implemen 200 28 15.0 133 15 6 80.0 9.1 2 1600 | 182 18 200 | 274
toaster, iron, telephone or
Smart phone, monitor/screen 1000 114.0 10.0 100.0 11.4 3 300.0 34.2 6 600.0 68.4 9 900.0 102.6
TV; 3600 410.4 15.0 240.0 27.4 1 240.0 27.4 2 480.0 54.7 3 720.0 82.1
sound system, microwave, monitor 2000 228.0 15.0 133.3 15.2 1 133.3 15.2 2 266.7 30.4 4 533.3 60.8
Laptop computer 4,500 513.0 7.0 642.9 733 1 642.9 733 1 642.9 73.3 2 1285.7 146.6
stove 4,800 547.2 30.0 160.0 18.2 1 160.0 18.2 1 160.0 18.2 2 320.0 36.5
H i . 59kg, 2.5 kW h
C::t pump air cond. 5kg, 2.5 eat 4,400 501.6 15.0 293.3 33.4 1 293.3 33.4 3 880.0 100.3 5 1466.7 167.2
f(lzlm'c sewing machine or arge power 2,400 2736 200 1200 13.7 1 1200 | 137 2 200 | 274 3 3600 | 410
bed plus mattress; lounge suite 4,800 547.2 20.0 240.0 27.4 2 480.0 54.7 5 1200.0 136.8 7 1680.0 191.5
Shoes 350 39.9 3.0 116.7 133 6 700.0 79.8 16 1866.7 212.8 24 2800.0 319.2
jacket 880 100.3 10.0 88.0 10.0 4 352.0 40.1 8 704.0 80.3 12 1056.0 120.4
trouser 320 36.5 5.0 64.0 73 4 256.0 29.2 12 768.0 87.6 16 1024.0 116.7
sweater 400 45.6 8.0 50.0 5.7 3 150.0 17.1 8 400.0 45.6 10 500.0 57.0
shirt, blouse, hat 240 27.4 5.0 48.0 55 5 240.0 27.4 15 720.0 82.1 20 960.0 109.4
underwear (10 pieces) 320 36.5 4.0 80.0 9.1 2 160.0 18.2 4 320.0 36.5 6 480.0 54.7
sets of bedding (doona+blanket) 800 91.2 10.0 80.0 9.1 3 240.0 27.4 5 400.0 45.6 7 560.0 63.8
sheets set (2 sheets + pillow case) 400 45.6 8.0 50.0 5.7 4 200.0 22.8 8 400.0 45.6 12 600.0 68.4
d tool - chai bl
garden power tool - chainsaw, blower, 400 456 8.0 50.0 57 2 1000 | 114 4 2000 | 228 6 3000 | 342
whipper snipper
Large garden power appliance -
2,640 301.0 10.0 264.0 30.1 1 264.0 30.1 2 528.0 60.2 3 792.0 90.3
lawnmower mulcher
. Kg GHG/ Weight Weight Weight
GOODS kil MJ /k
(per kilogram) /kg - (kg) or (ke) or
Books 112 12.8 20.0 5.6 0.6 50.0 280.0 319 100.0 560.0 63.8 150.0 840.0 95.8
i Il metal/ plasticit; &
misc small metal/ plastic tems 120 137 10.0 120 14 300 | 3600 | 410 80.0 | 900 | 1094 | 1500 | 18000 | 2052
equipment; cutlery, crockery(kg)
wood furniture (kg) 40 4.6 30.0 13 0.2 150.0 200.0 22.8 250.0 3333 38.0 350.0 466.7 53.2
sporting equipment (kg) 880 100.3 10.0 88.0 10.0 2.0 176.0 20.1 4.0 352.0 40.1 7.0 616.0 70.2
vinyl/ lino floor covering (sq m) 80 9.1 20.0 4.0 0.5 0.0 0.0 0.0 70.0 280.0 319 100.0 400.0 45.6
High quality carpet (squ m) 300 34.2 30.0 10.0 11 0.0 0.0 0.0 30.0 300.0 34.2 90.0 900.0 102.6
TOTALS 7,074 806 15,202 1,733 24,560 2,800
EMBODIED ENERGY OF HOUSE CONTENTS
1,965 4,223 6,822
(kWh/ year)
EMBODIED CO2e EMISSIONS OF H E
lo] CO2e EMISSIONS OF HOUS| 081 173 2.80
CONTENTS (Tonnes/ yr)
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A7

Vehicle Embodied emissions data from cited references

Table A7.1 Embodied energy and CO,e emissions from manufacture and maintenance of IC
(conventional fuelled) vehicles - cited studies and GHG-Energy Calc7

GHG-
IC (shrink- Energy
that- IC (VW Calc value
footprint) Golf) 1.4t forIC
IC car; reference 1.2t *x McLean | Hawkins | Chester Delucci | vehicle
Manufacture and maintenance t
uractd ! 8 435 10.8 6.45 8.5 6.56
COZQ
Assumed weight tonnes 1.2 13 14 14 1.46
£ CO,¢ per tonne weight of 6.67 3.35 7.71 4.96 6.07 4.49 5.98
vehicle
I/(\\//\/rh per tonne weight of vehicle 1882

** Reference not used because it lacks transparency and may have industry bias

Table A7.2 Embodied CO,e emissions from manufacture and maintenance of EV vehicles — from cited
studies and assumed in GHG-Energy Calc7

Figures from cited references Figures assumed for GHG-Energy
Calc
EV EV short EV med EV long
(shrinkthat- | EV (VW range (15- | range (41- | range
footprint) Golf) 1.4t | Hawkins 40 kWh 70kwh (71-100
1.3t *k (Leaf) battery) battery) kWh)
Vehicle Weight tonnes 1.4 1.4 1.5 1.5 1.8 2.1
vehicle embodied t CO,e /year (15 10.5 8.55 13.05 11.27 15.37 19.56
year life)
Vehicle embodied t CO,e 0.75 1.02 1.30
Vehicle embodied t CO,e / tonne 7.50 6.11 8.70 7.51 8.54 9.31
Embod.led emissions / tonne / year 0.75 1.02 1.30
(15 yr life)
percent emissions from battery 20% 30% 36%
Embo.dled energy / kWh /year (15 2399 2426 2627
year life)*
** Reference not used because it lacks transparency and may have industry bias
Page 40
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A8 Embodied emissions from manufacture of EV batteries
Table A8.1 Embodied emissions of Li-lon batteries (Emilsson et al, 2019)
IVL 2019 IVL 2019
Low High Average used for
kWh estimate estimate GHG-Energy Calc?7
kg CO,e
per kWh 1 61 106 83.5
short range
battery 28 1708 2968 2338
med range
battery 56 3416 5936 4676
long range
battery 84 5124 8904 7014

Source: Erik Emilsson, Lisbeth Dahllof, 2019. Lithium-lon Vehicle Battery Production Status 2019 on
Energy Use, CO2 Emissions, Use of Metals, Products Environmental Footprint, and Recycling

Table A8.2

assumed in GHG-Energy Calc7

Embodied CO,e emissions from manufacture of EV batteries — from cited studies and

GHG- GHG-Energy | GHG-
Energy Calc | Calc value Energy Calc
value for for med value for
Hao et al Kim et al Emilsson, et | low range | rangeEV - high range
Source China 2018 | 2016 al 2019 EV -26kWh | 52 kWh EV 84 kWh
battery size kWh 28.0 24.0 28 28.0 56.0 84
Embodied tCO,e 3.0 34 1.7-3 2.3 4.6 7
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A9. Embodied energy and emissions from manufacture and maintenance of a car

Table A9.1 Embodied energy and emissions from manufacture and maintenance of medium sized car

service car (tCO2e per tonne vehicle weight)*

Material % Total | Weight | EE virgin | EE EE comp- | Assumed energy Emission | Embodied
Vehicle | material | material | comp- |onent % |sources factor kg | Emissions
Weight | (kg) Mi/kg onent | of total CO2e/ |kg CO2e
miJ mJ
Steel 55.00% 785 32 25,128 | 35.70% | coal90% electricity10% 0.102 2,564
Iron 14.60% 208 20 4,169 5.92% c0al90% electricity10% 0.076 318
Aluminium 5.00% 71 190 13,563 | 19.27% | electricity 90% coal 10% | 0.174 2,354
Plastics 7.10% 101 95 9,630 13.68% oil 80% electricity20% 0.096 925
Synthetic rubber | 4.30% 61 110 6,753 9.59% oil 90% electricity10% 0.085 576
Fluids/lubricants 5.70% 81 50 4,069 5.78% 0il 90% electricity 10% 0.069 280
Copper 1.60% 23 97.6 2,229 3.17% electricity 90% coal 10% 0.174 387
Glass 2.70% 39 15.9 613 0.87% gas 50%, coal 50% 0.080 49
Zinc 0.60% 9 52.1 446 0.63% | electricity 50%, gas 50% 0.124 55
Other Materials 3.30% 47 50 2,356 3.35% electricity 50%, gas 50% 0.124 293
Est. fabrication/ engineering/assembly (Chester) | 1,426 2.03% electricity 80% gas 20% 0.159 227
;%ii?;gie car 100.0% | 1427.7 70,382 | 100.00% 8,029
Subtotal kg CO2e per kg car* 49 5.62
Est. capital goods and transport 2,700 diesel 0.075 203
Service and tyres (Mclean and Lave) 39,300 oil 0.075 2,948
Totals for manufacture & service car 112,431 11,185
Total embodied energy manufacture & service (kWh per kg vehicle weight) 31
Total embodied emissions to manufacture and 783

* cf. Delucci 2005 : 6.62 kg CO2e/ kg

References:

e Materials % of weight - Government of Canada, 1991 in Ferguson, D chapt3

e Embodied energy of materials - Alcorn, 1996

e https://www.carbonfootprint.com/docs/2018 8 electricity factors august 2018 -

online sources.pdf

Table A9.2 Emission factors of energy sources - materials for vehicle manufacturing (kgCO2e/MJ)

Electricity - average of 7 Asian vehicle manufacturing countries 0.183
Black coal other uses 0.093
Crude oil 0.075
Natural gas NSW and ACT, SA 0.066
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A10. The world’s highest per capita carbon emitting countries

Source: WorldData.info, 2019 https://www.worlddata.info/greenhouse-gas-by-country.php

Co2 Methane Total
(in CO2 equivalznts) {in CO2 equivalznts)
Country Country per capita Country per capita Country per capita
| | Qatar 107,85 mt 3877 ¢t 41,12 mt 14,78 t 148,98 m t 53.56 t
B Trinidad and Tobage 45.27 mt 32.25¢ 1479 mt 10.64 t 5106 mt 43.53 t
== Brunsi 9.11lmt 21.23 ¢ 454 mt 10.58 t 13.65mt 31.82 ¢t
E Kuwait 9341 mt 2206t 1269mt 307t 108.10 m t 26,13 ¢
2 United Arab Emirates 211,37 mt 21.55¢ 26,12 mt 271t 23749 mt 2466 ¢
H Bahrzin 3134 mt 19.57 t 3.38Bmt 2.15¢t 3_TZmt 22,12 ¢
B Szudi Arabia 601,05 mt 17.84 ¢ 52,50 mt 1.B7¢t 663.85mt 19,70t
B sustralia 36126 mt 14.45¢ 125.59 mt 503t 486,85 m t 19.48 t
= Luxembourg S.66mt 15.85t 117 mt 1.92 t 10.B3mt 17.82 t
B United States 5.25bnt 16.06 t 493,81 mt 1.53 t 5.75bnt 17.55 t
B Kzzakhstan 248.31 mt 13.55t F1.35mt 350t 31967 mt 17.45 t
I Canada 537.19mt 14,50 t 106,85 mt 288t 644,04 m t 17.38t
B Eotoniz 19.52 mt 14,78 ¢ 2.22mt 165t 21,75 mt 16.47 ¢
m Russia 1.71bnt 11.B0 ¢ S45.8B2mt 278t 2.25bnt 15.58 t
B New Zealand 34.EEmt 7.0t 2866 mt 5.87¢t 63.32mt 12.56 t
'] MNorviay 4763 mt 8.56 ¢t 1641 mt 3059t 54,04 m t 1205t
# South Korea 587.16 mt 11.37 & 32.EZmt 0.63 ¢ 619.78 mt 1200t
= Metherlands 167.30mt 9.71t 19.03 mt lL.10t 18532 mt 10.81¢
™ Singapore 56,37 m t 10,00 ¢ 2.39mt 0.42 ¢ 58.76 m t 10,42 ¢
b Czechia 95,48 mt 9.08¢t 11,50 mt 112 ¢ 108.38 m t 10.20 ¢
#= Finland 47.30mt 8.57 t 8.55mt 1.55t 55.85mt 10,12 £
Il Ireland 407 mt 7.02t 1433 mt 285t 4840 mt Q.87 t
% Jzpan 1.21bnt 9.60t 3856 mt 0.31¢t 1.25bnt 2.80¢t
= South Africa 483,77 mt 8.48 ¢t 63.16mt 1.059 t 552.52 mt 9.57 t
ia Greenland 505,046.00 t 9.03t 28,682,581t 0.51¢t 534,728,531 ¢ .54t
B Bermuda 575,719.00 ¢t 9.00¢t 30,959.56 t 0.48 t 606,678.56 ¢ 948 t
== Iran 643,48 mt 754t 121.30mt 148t 770.78 mt 2.42 ¢t
™ Germany 719.88mt g.68¢t 55.72mt 0.e7 ¢ 775.60mt 2.35¢t
(=1 285.74mt 7.52¢ 65.07 mt 1.71 ¢t 350.B1mt 9.24 ¢
1l 93.35mt 8.17t .24 mt 081t 102.59 mt 8.88 ¢t
. 242,82 mt 770t 34.27mt 1.05 t 277.09 mt 8.79 ¢t
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A11. Embodied energy and emissions per sq. metre of house types

Lawson, 1996 | GHG-Calc est. GHG-Calc GHG-Calc EE estimate kWh / Emissions Emissions house Emissions Emissions/ % of d/b -
(EE in house EE for house est. EE for EE for whole year over house fit-out, whole house | year over 60 steel house
P ) envelope - envelope, house fit- estimate house GHG- 60 year envelope, for | construction and for GHG- year life emissions
onstruction type walls, floor admin, out (MJ/ for whole Energy Calc life GHG-Energy admin for GHG- Energy Calc7
and roof construction sq m) house (kWh/m2) Calc (kgCO,e Energy Calc (kgCO.e/
materials ) (MJ/sq m) (MJ/m2) /m2) (kgCO,e /m2) m2/year)
Timber frame, timber
weatherboard cladding; tile 715 1,064 1,937 3001 834 13.9 106 247 353 5.9 0.65
roof, timber elevated floor.
Steel frame, fibro- cement clad,
all steel roof, steel / board 983 1,463 1,937 3400 944 15.7 146 247 393 6.5 0.72
elevated floor
Steel frame, fibro- cement clad,
steel roof, 110 mm concrete 1358 2,020 1,937 3958 1099 18.3 202 247 449 7.5 0.83
slab on ground
Steel frame, steel (colorbond)
clad, all steel roof, 110 mm 1438 2,140 1,937 4077 1132 18.9 214 247 460 7.7 0.85
concrete slab on ground
Single concrete cavity block,
steel roof 110 mm concrete slab 1325 1,971 1,937 3909 1086 18.1 197 247 444 7.4 0.82
on ground.
Timber frame brick veneer clad,
clay or concrete tile roof, 110 1446 2,151 1,937 4089 1136 18.9 215 247 462 7.7 0.85
mm concrete slab on ground.
Double clay brick, clay or
concrete tile timber frame roof, 1776 2,642 1,937 4580 1272 21.2 264 247 511 8.5 0.94
110 mm concrete slab on
ground.
Double clay brick, all steel roof,
110 mm concrete slab on 1988 2,958 1,937 4895 1360 22.7 296 247 542 9.0 1.00
ground.
Double clay brick 2 storey, all
steel roof, 125 mm concrete 2093 3,114 1,937 5051 1403 23.4 311 247 558 9.3 1.03

slab both storeys
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A12. Embodied energy and emissions of d/brick home and garage, colorbond steel roof, 1

storey

Total area Embodied Estimate
LCA of house - living area 181.43 sq m. length m component |Estimate, MJ EF (CO2e/ MJ) ’ PERCENT
sqm Energy % tonnes CO2e
Building envelope
Double brick walls 58.7 158 135,880 15.3% 0.092 12.50
Walls - Internal and garage with columns
(Lawson value for s/b veneer) 65.8 177 99,521 11.2% 0.092 9.16
Ext. render (assume 5% of d/b) n/a 6,794 0.8% 0.092 0.63
Steel roof, timber frame (weight is Colorbond
only) n/a 218 72,039 8.1% 0.113 8.14
Steel roof (timber frame) additional - 400mm
eaves % gutters n/a 30 9,940 1.1% 0.113 1.12
30deg roof pitch (1/cos30) n/a 34 11,094 1.2% 0.113 1.25
Colorbond gutter 80 n/a 13,600 1.5% 0.113 1.54
Colorbond barge mouldings 80 n/a 26,400 3.0% 0.113 2.98
concrete slab on ground 110 mm n/a 218 140,804 15.9% 0.092 12.95
concrete slab elevated 125 mm n/a n/a 0 0.0% 0.092 0.00
Transport of materials to site n/a n/a 20,480 2.3% 0.080 1.64
Fastenings misc steel pieces, contingencies 15,000 1.7% 0.113 1.70
Subtotal home envelope 536,552 60.4% 53.61 54.5%
Home envelope per sqg m 2957.84 0.30
Fit-out and ceilings
0.00
Curtains (fabric +20%) 30 60 1,944 0.2% 0.120 0.23
ceramic floor tiles (Alcorn, 1998- 7.2 MJ/kg)-
(assume 50% home area) n/a 91 12,212 1.4% 0.113 1.38
Carpet - polypropylene with underlay, 3 kg/sq
m (Alcorn, 1996) (assume 50% of home area) n/a 91 25,958 2.9% 0.113 2.93
Plaster board n/a n/a 20,250 2.3% 0.092 1.86
glass n/a n/a 15,105 1.7% 0.092 1.39
Insulation n/a n/a 5,897 0.7% 0.092 0.54
Copper n/a n/a 13,414 1.5% 0.161 2.16
Plastics - PVC; polyethylene - pipes and mem n/a n/a 51,500 5.8% 0.092 4.74
Aluminium (50% recycled, extruded, factory pg n/a n/a 63,000 7.1% 0.161 10.14
Paints water based (internal walls and trims - ¢ n/a n/a 10,620 1.2% 0.120 1.27
Kitchen -Melamine particle board n/a n/a 2,400 0.3% 0.092 0.22
Kitchen -MDF n/a n/a 1,785 0.2% 0.092 0.16
Kitchen - stone composite benchtop n/a n/a 1,700 0.2% 0.092 0.16
kitchen construction n/a n/a 3,500 0.4% 0.222 0.78
Wardrobes MDF n/a n/a 4,800 0.5% 0.092 0.44
toilet bowl *2 @ 23 kg n/a n/a 920 0.1% 0.113 0.10
Hand basin*2 @ 15 kg n/a n/a 600 0.1% 0.113 0.07
bathroom cabinet*2 n/a n/a 800 0.1% 0.113 0.09
stainless kitchen sink* 1 n/a n/a 2,400 0.3% 0.113 0.27
stainless laundry sink *1 n/a n/a 1,800 0.2% 0.113 0.20
Stove n/a n/a 8,400 0.9% 0.113 0.95
Air conditioner 5.5 kW ducted n/a n/a 12,000 1.4% 0.113 1.36
HWS 130 L gas storage n/a n/a 8,400 0.9% 0.113 0.95
Subtotal internal fit-out 269,405 30.3% 32.41 33.0%
Internal fit-out/ sq m 1485.14 0.18
Construction & administration
Earthworks 4,246 0.5% 0.080 0.34
Admin and planning -APG Homes pro-rata offic 33,200 3.7% 0.145 4.81
Building Construction 44,600 5.0% 0.161 7.18
Subtotal Construction and Administration 82,046 9.2% 12.33 12.5%
Construction and Administration / sqg m 452.29 0.07
TOTAL FOR 181.4 SQ M HOUSE 888,003 100.0% 98.35 100.0%
House per sg m 4894.47 0.54
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A 13 Embodied COze emissions of three foods

Embodied energy and emissions factors (Table 3.2) were derived from a published LCA analysis of
Western Australian grain products (Narayanaswamy, V., Altham, J., Van Berkel, R. and McGregor, M.
(Curtin University and GRDC). ‘Environmental Assessment Case Studies for Western Australian Grain
Products’). This study was a full LCA analysis including retail and consumption. The breakdown of the
figures between the different stages was shown and retail/consumption was deducted from the full
LCA figures.

Table 4.2 Embodied energy and emissions for production manufacture, transport for 1 kilogram of
bread, 1 litre of beer and 1litre of cooking oil.

Bread Beer Cooking Oil
Energy MJ/ kg or L 18 11.17 41.2
GWP kg CO,e/kg or L 1.51 1.2 5.72
Embodied emissions factor kg/MJ .083 0.107 0.139

The embodied emissions factors for bread (0.083) and beer (0.107) are consistent with 90- 95% of the
energy being sourced from diesel (0.08) and about 5-10 % from Australian grid electricity (0.0308). The
embodied emissions factor for cooking oils is higher as about 3 kg of seed is used to produce 1L of oil
and presumably there would be higher nitrogen inputs and NOX emissions from the soil. Itis likely to
be atypical of most foods so it was not used to estimate the food emissions factor.

A 14 Embodied energy and emissions PV panels - GHG-Energy Calc Assumptions

Table A 14. Embodied energy and emissions of monocrystalline PV panels

CO,e CO,e Annual |Annual
kgCO,e |Estimated kWh saved payback |Assumed kWh/ kg CO,e/
kgCO,e/ |Watts/ |perkW |kWh per |generated|with EF [time life item/ item/
sq. m sq. m (1000 W) kW of PV |per year |0.69 years (years) |year year*
China 556 150 3,707 9,085 1,643 1,133 3 30 303 124
Sweden 313 150 2,087 9,085 1,643 1,133 2 30 303 70

Note: EF for Asian manufacturing = 0.408 kg CO,e/ kWh (see Section 1).
References:

file://IC:/Users/XC8173/Documents/Websites/References%20new%20website/GlobalEmbodiedEmission
sAssessmentofLocallyManufacturedSolarTechnologies.pdf

https://www.infiniteenergy.com.au/quality-matters-choose-right-solar-panels
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DEFINITIONS

For the purposes of this paper and in GHG-Energy Calc, the terms used have the following definitions:

Carbon footprint
The total greenhouse gas emissions expressed as tonnes of CO,e, emitted from a household, business
or industrial facility annually.

Carbon emissions
Greenhouse gases, primarily carbon dioxide (CO,) but including many more potent greenhouse gases.

Combustion energy
Combustion energy is the total energy released when a fossil fuel energy source is burned.

COe

Carbon dioxide equivalent — unit of measuring carbon emissions, usually expressed as kg CO,e or

t CO,e. The global warming potential (GWP) of other greenhouse gases is expressed in units of CO,e,
for example the GWP of one kg of N20 = 300 kg CO,e.

Embodied energy

Embodied energy of an item is defined as the energy used to extract and produce the raw materials,
manufacture, package, store and transport and service that good. This energy comes from a variety of
sources. In 2020, over 90% of embodied energy of most goods still comes from a mix of fossil fuels.

Embodied emissions

Embodied emissions are sum of the CO,e emissions emitted from embodied energy as defined above.
It comprises mainly CO, but includes other global warming gases such as methane, carbon monoxide,
nitrogen oxides and PFC’s that may be emitted as a result of any of the processes described under
embodied energy. For example methane from ruminant animal production is added to the energy-
related emission of dairy products.

Emission factor (EF)
The CO,e emissions per unit of energy, for example kg CO,/GJ of electricity or quantity of fuel, for
example, t CO,e per tonne of coal. EFs can be categorized as:
e Point source — emissions at the point of combustion.
e Full fuel cycle — combustion emissions plus emissions from upstream energy production
processes outside the boundary of the point of consumption.

Energy content (of a fuel)
The energy contained by a fuel — that is released when the fuel is burned (oxidised) completely. GHG-
EnergyCalc7 uses units of kWh per kg or L.

Fuel energy

Fuel energy is the total energy contained in a fuel, that is released when the fuel is burned (combustion
energy), plus the upstream energy used to extract, refine and transport the fuel. Only a fraction of the
fuel energy used by vehicles powered by internal combustion engines (reciprocating engines and
turbines) is used to move the vehicle - about 20% depending on engine efficiency - the remainder is
wasted as heat and friction.
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Fuel emissions
Full cycle GHG emissions from energy sourced from fossil fuels.

Full cycle emissions

Full cycle emissions of a pollutant are those emitted from the point source i.e. combustion of a fuel
plus the pre-combustion or upstream emissions from the production and transport of the fuel (in the
case of fossil fuel carbon emissions, an additional 5-20 %).

Full cycle carbon emission factors
Calculations in GHG-Energy Calc and this document use full cycle carbon emission factors, expressed as
kgCO2e/ kg of L of fuel or kgCO2e/ kWh of energy.

Gas
Natural gas - methane, a fossil fuel.

GHG
Greenhouse gases, which cause global warming

Global warming potential (GWP)
A measure of how much heat a greenhouse gas traps in the atmosphere up to a specific time horizon,
relative to carbon dioxide.

Kilowatt hour (kWh)
Unit of energy usually used in energy bills. 1 kWh = 3.6 MJ.

LCA

Life-cycle assessment or life cycle assessment (also known as life-cycle analysis) is a methodology for
assessing environmental impacts associated with all the stages of the life-cycle of a commercial
product, process, or service. For instance, in the case of a manufactured product, environmental
impacts are assessed from raw material extraction and processing (cradle), through the product's
manufacture, distribution and use, to the recycling or final disposal of the materials composing it
(grave).

LPG
Liquefied petroleum gas — fossil fuel usually supplied in pressurized containers.

NOAA
National Oceanic and Atmospheric Administration. (United States of America).

Megajoules (MJ)
Unit of energy used in most embodied energy studies

Pre-combustion energy
Pre-combustion (or upstream) GHG emissions are from the production of fuels. They comprise from
around 10% (CNG) to 22% (diesel) of total end use emissions.

Radiative Forcing

The difference between insolation (sunlight energy) absorbed by the Earth and energy radiated back to
space. Changes to Earth's radiative equilibrium that cause temperatures to rise or fall over decadal
periods, are called climate forcing. Positive radiative forcing means Earth receives more incoming energy
from sunlight than it radiates to space.
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