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Revisions

Since the first official release (F1.4) the follogicorrections have been made:

F1.5: Rather than assuming in Scenario 2 thatfalewaste heat of the BlueGen unit can be used fo
hot water heating, the average household hot ve&yf&iem running costs are used, based on a new
reference. This results in fewer savings in consparto the figures given in F1.4, but only for the
case of NSW when the unit is run at 2 kW (showiable 4). Note that Scenario 1 is for continuous
production with all outputs used, and as such tsnmeant to represent an average household, whilst
Scenario 3 just considers power, with no offsetshieating, so the numbers for these scenarios are
unchanged from F1.4.

F1.6: An example of a location that can use athefoutputs of the BlueGen unit as per Scenar® 1 i
given. It is made clearer that Scenario 1 is lease, Scenario 2 provides the case for an average
household and Scenario 3 worst case. In the Csiocland Discussion the similarity in outputs for
Solar and BlueGen (running in electricity only mpdke discussed. More discussion on Zones has
been added to section 2.2. Minor grammar changes lbeen made to improve readability.

F1.7: Clarifications to indicate that the termstbesse and worst case refer to the highest carbon
savings and the lowest carbon savings scenaripscatigely.
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1. Introduction

The BlueGen fuel cell unit is a device the siza afmall fridge that can provide both
electricity and heat when supplied with natural, gasich is available in the homes of many
houses in Australia. Normally such a device isugein a similar fashion to a set of solar
panels, with a local inverter allowing power tofbd back into the grid, offsetting the
electricity usage of the occupants; the heat prediny the unit is directed towards water
heating, unless the household is already fitteti witch a device.

This report compares the greenhouse gas emis&euling from the use of the Ceramic Fuel
Cells Limited (CFCL) BlueGen fuel cell unit to pnack electricity and heat with
1. Similar amounts of electricity production from thed in Melbourne (Victoria)
and Sydney (NSW), and
2. A house in these locations equipped with 2kW o&isplnels and grid access.

Production levels of both 1.5 kW and 2.0 kW for BieeGen unit are examined; at the
former level of electrical output, the unit is rumg at its most efficient, whereas the latter is
the maximum output. These are examined for theparsite scenarios:

1. The BlueGen fuel cell is run continuously. Thisguces more electricity than the
average household would use, however it is assuin@dhis would be
economically attractive as the householders woalgdid for electricity being fed
back into the grid. This is a “best case” scenaniavhich it is assumed that all of
the outputs of the unit can be used. This scemaaduces the highest carbon
savings.

2. The BlueGen fuel cell is run for long enough durihg day to produce the
average amount of power the household would use, gbes into ‘self-sustain’
mode. In this mode the fuel cell is able to indtago to work, but uses energy to
do so; the equivalent of 670 W of natural gasorbter to reduce stress on the
system and ensure that the fuel cell does not tuimkak down it needs to be
slowly heated up when initially turned on, and $amy slowly cooled down when
it is turned off — this process takes 24 to 30 kourhis is an average scenario, in
which it is assumed that only the amount of eleitiriand heat, as appropriate)
that an average household in Victoria or NSW waudd is taken from the
BlueGen unit, and anything above this amount ise¢hs

3. Power Curves that approximate usage in VictoriaM88V are used to determine
when the BlueGen unit should be running in eitledf-sustain mode, or at 1.5 kW
or 2.0 kW production. In this case it is assunied power can not be fed back
into the grid, and that excess power may be requoesupplement the 2.0 kW
produced by the unit at certain times of the dag. (@hen food is being produced
in the evening). This is a “worst case” and pdgsilnrealistic scenario, as the
BlueGen unit is not allowed to feed power back tht grid, nor can it offset
energy used for heating. This scenario produc$otiest carbon savings.

The BlueGen unit could be set up to power a hodddghat does not have an electrical
connection to the grid, but such a household woearély have natural gas piped into the
home either, requiring the use of bottled gas wkohld be considerably more expensive.
Such a household is not considered in this report.
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1.1 Provisos

The output data for the BlueGen unit has been geal/by CFCL,; it hasot been
independently verified by CSIRO.

Whilst CFCL have tested for CO, GONO, and other emissions in the output stream of the
BlueGen unit, nitrous oxide @) and methane (G both potent greenhouse gases, have
not yet been tested for. Given the NOx readindspm) and running temperature of the
unit (780-845°C) for 1.5 and 2 kW electrical outpubt® readings are unlikely to be high.
Similarly CH, outputs are unlikely to noticeable as well, unkbsse are leaks within the unit
or the fittings. We have assumed no leakage fl@rsystem, an assumption that cannot be
tested until the units are used in significant dilies.

Residential solar panel systems vary in size, @ikl currently being popular amongst
householders. However, a 2 kW system only provafe80% of the average household’s
requirement, so these households must still regjelst on the grid.

Note that the values given for the BlueGen unitm@nely for the consumption of fuel; they

do not include the embodied costs associated wélptoduction and recycling of the unit
itself, nor the construction of the factory reqdite build the units, and shipping to the
consumer. The grid values given are also not falljusive. They do include the GO
emissions from directly burning the fuel and thessions associated with the extraction (e.g.
mining), production and transport of the fuels usedroduce the electricity. However, they
do not include the embodied energy that makes @pnining equipment or refinery processes,
nor do they consider inputs such as the amoumerfgy originally expended in the
exploration and discovery of the original resour@@ghe building of pipelines and other
capital expenditures.
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2. Comparative Greenhouse Gas Emissions

2.1 Continuous Power Production (Scenario 1)

Based on the values given below and in sectione3cam deduce the following comparative
greenhouse gas emissions:

Source Savings cf. Vic, Savings cf.
CO e tly NSW, CO—e tly

Grid (VIC) 17.75

Grid (NSW) 14.07

BlueGen (electricity only) 4.866 12.88 9.20

BlueGen (electricity, heat offsetting i

electrical heating, VIC) 4.886 2264

BlueGen (electricity, heat offsetting i

electrical heating, NSW) 2.863 16.93

BIueGen_ (electricity, heat offsetting 3992 14.53 10.85

gas heating)

Solar Panels + Grid (VIC) 14.55 3.200

Solar Panels + Grid (NSW) 11.11 2.958

CFCL BlueGen Electricity/Heat Comparison 6



Savings cf. Vic, Savings cf.

CO,—etly NSW, CO—e tly

Grid (VIC) 23.67

Grid (NSW) 18.76

BlueGen (electricity only) 6.825 16.85 11.94
BlueGen (electricity, heat offsetting

electrical heating, VIC) 9.986 33.66

BlueGen (electricity, heat offsetting

electrical heating, NSW) 6.499 25.26
BlueGen (electricity, heat offsetting 3.990 19.68 14.77
gas heating) ) ' '
Solar Panels + Grid (VIC) 20.47 3.200

Solar Panels + Grid (NSW) 15.80 2.958

Although the solar panels do not emit £diring their operation; they do not produce any
useful power during the night, and produce redueeels of power in cloudy conditions. As
such, the emissions listed above are for the requamount of grid electricity to make up the
difference between what the solar panels produakwdnat they would need to produce to
satisfy a constant demand of 1.5 kW or 2.0 kW retspely. As with the BlueGen unit, the
embodied costs associated with the productiongliatibn, removal and recycling of the solar
panels are not included in this report.

In addition to considering when the BlueGen unjinsducing electricity, we also consider

the case when the heat energy of the unit canb&lssed in cogeneration. In this case, it is
assumed that the heat energy will be used to redpwater supply in order to ensure an
instantaneous source of hot water, and that ale@heat energy supplied by the BlueGen unit
is useful. Space heating is not considered, asntbuld only be useful for part of the year.

For the case when the house is fitted with elestheating, the heat energy of the BlueGen
unit offsets an equal amount of electrical enesgythe associated greenhouse gas emissions
that would otherwise have been produced are difset the BlueGen unit’s overall

emissions.

For the case when the house is fitted with gasriggathe heat energy of the BlueGen unit is
used to offset the greenhouse gas emissions redoigenerate a similar amount of heat
from a gas boiler operating at 85% efficiency (tiakie provided by CFCL as representative
of an average gas boiler system in Australia).

The negative values for the BlueGen unit when hgati considered reflects the fact that so
much fossil fuel combustion is being offset that &mount of greenhouse gas being released
into the atmosphere is being reduced, rather theneased, compared with the “business as
usual” case.
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The third and fourth columns of the table show gheise gas savings per year for the
various variants with respect to straight Victoraard New South Wales grid power
respectively.

Note that this scenario doest reflect the energy usage of an average househbidh is
discussed in section 2.2. At 1.5 kW output theeBlan unit produces 36 kWh of electricity
and 19.78 kWh of heat, at 2.0 kW output it produt@&Wh of electricity and 34.10 kWh of
heat. As shown in section 2.2, this is, at 1.5d&Wput, around double the amount of
electricity and quadruple the amount of heat amageehousehold would use, and at 2 kW
around triple the amount of electricity and eighitets the amount of heat an average
household would use. In this scenario the carlawimgs are highest but the unit produces
more power and heat than the average home neduls t@ achieve these high carbon
savings the unit must be able to: (a) export expesger to the grid, or (b) be installed in
homes or buildings that can use all of the outpusite (e.g. large homes with very high
power usage, apartment blocks or co-located hous€s) both. In addition, to achieve the
savings in the ‘heat offsetting electrical heatiogse, the unit must be installed where all of
the unit’s heat output can be used to replacera&dwating, eg by replacing electric heating
of a swimming pool/spa or by servicing the heatdse®f a larger group of people.

2.2 Producing Enough Power for the Average Househol  d, Continuous Block
(Scenario 2)

Over a 24 hour period, the average Victorian hoolsetises 15.37 kWh and the average
NSW household uses 19.74 kwh. At 1.5 kW and 2 k@dpction rates that requires the
BlueGen unit to be running 10.25 or 7.685 hourpeesvely in Victoria, and 13.16, or 9.87
hours respectively in NSW. This results in an addal daily usable 8.44 or 10.92 kWh of
heat in Victoria (3085 or 3987 kWh annually), arftd84 or 14.02 kWh of heat in NSW (3961
or 5121 kWh annually), when the unit is runnind & kW and 2 kW (of electrical output)
respectively.

According to Energy Consult Pty Ltd (2009, Tablg,1be average Victorian household
would require 4314 kWh of electricity for hot watezating. A similar reference for NSW is
currently unavailable, but this reference also tes a breakdown into different Zones,
which are exactly the same as those used for palals, which are further discussed in
section 3.4. Energy Consult Pty Ltd (2009, Takledives a value of 4000 kwWh of
electricity for average Victorian households in 2dh(these would be located in Northern
Victoria), the same zone as Sydney and much oftalbdS$W, so this value is used in our
NSW calculations. As per the previous paragrapd BlueGen unit will not be running long
enough to produce enough heat to satisfy the red@mount in Victoria, and will only be
producing excess heat in NSW when the unit is mmat 2 kW. So the full amount of heat
produced by the unit will be used to offset hotevditeating except in this latter case, when
only 4000 kWh of the 5121 kWh will be used in offset is assumed that the extra 1121
kWh of heat will be unused.

In self-sustain mode when the BlueGen unit is motlpcing any electricity, it is using the
equivalent of 670 W of natural gas energy, resglim129.6 g C@e/hour. In Victoria this
would result in an additional 0.651 t @@&/yr when running at 10.25 hours/day, and 0.772 t
COs,-elyr when running at 7.685 hours/day. For NSWuhi¢ would incur an additional
0.513 t CQ-e/yr when running at 13.16 hours/day, and 0.66@4-e/yr when running for
9.87 hours/day.
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% & "( (%

Source CO,-etly Savings cf. Vic, Savings cf.
CO-e tly NSW, CO—e tly

Grid (VIC) 7.579

Grid (NSW) 7.715

BlueGen (electricity only, VIC) 3.948 3.631

BlueGen (electricity only, NSW) 4.143 3.572

BlueGen (electricity, heat offsetting i

electrical heating, VIC) 3.933 1151

BlueGen (electricity, heat offsetting i

electrical heating, NSW) 2112 9.827

BIueGen_ (electricity, heat offsetting 5117 2 462

gas heating, VIC)

BlueGen (electricity, heat offsetting

gas heating, NSW) 4715 3.000

Solar Panels + Grid (VIC) 4.379 3.200

Solar Panels + Grid (NSW) 4.757 2.958

% & "( ($

CO, tly Savings cf. Vic, Savings cf.

CO,-etly NSW, CO—e tly

Grid (VIC) 7.579

Grid (NSW) 7.715

BlueGen (electricity only, VIC) 4.404 3.175

BlueGen (electricity only, NSW) 4.729 2.986
BlueGen (electricity, heat offsetting

electrical heating, VIC) 10.19 L

BlueGen (electricity, heat offsetting

electrical heating, NSW) 3.757 11.47
BIueGen. (electricity, heat offsetting 3,789 3.790

gas heating, VIC)

BlueGen (electricity, heat offsetting

gas heating, NSW) 4436 3219
Solar Panels + Grid (VIC) 4.379 3.200

Solar Panels + Grid (NSW) 4.757 2.958

Note that in this scenario, it is better to run tiné at 1.5 kW than 2.0 kW (when not in

self-sustain mode) if the heat from the BlueGern cainnot be utilised,; at 2.0 kW the unit
provides marginally less savings than 2.0 kW oésphnels in Victoria, and only marginally

CFCL BlueGen Electricity/Heat Comparison 9



more in NSW. When the heat is also used the situgég more favourable when the BlueGen
unit is run at 2.0 kW.

2.3 Producing Enough Power for the Average Househol d, Based on Hourly
Requirements (Scenario 3)

CSIRO has several models which can produce acceséiteations of household usage of
electricity throughout the different states over tourse of a day and year, reflecting seasonal
usage, as well as daily changes (e.g. weekdayaekend use). Models have been combined
for each of NSW and Victoria to reflect an averhgasehold use that has for the most part 5
days of weekday use followed by 2 days of weekesa] with 1 week of weekend use in the
middle of winter and 2 weeks of weekend use ardtimdstmas to mimic a household with
holidays taken at these times of the year. Theeeyar has then been averaged out to a
single day of 24 hours, with a total matching tfementioned averages of 15.37 kWh/day

in Victoria, and 19.74 in NSW.

From Table 1 we can see that the BlueGen unit meslabout 27.4% of the GOf the same
amount of grid power in Victoria, and 34.6% in NSWien running at 1.5 kW, and when
running at 2 kW we can see from Table 2 the respetigures are 28.8% and 36.4%. We'll
use this to determine whether we turn on the Bluef@el cell during any given hour, and at
what power, i.e. we assume the following:
If in any given hour the average power requireovisr 575 W in Victoria or 730 W in
NSW we have the BlueGen unit running at 2.0 k\We els
If in any given hour the average power requiredili®8 W or higher in Victoria or 520
W or higher in NSW we have the BlueGen unit runrahd.5 kW, else
The BlueGen unit runs in self-sustain mode if untley W of power is required in
Victoria, or under 520 W in NSW.

This results in minimal greenhouse gas emissionth®household (ignoring offsets from
energy fed back into the grid), by ensuring thatBtueGen unit is not operating during any
particular hour when it would result in less greame gas emissions to use electricity from
the grid (as the amount of energy required in plaaticular hour is so low).

We also assume that any excess energy is actastlyoth for the BlueGen units and solar
power (as it isn’t being used by the household)ctvis unlikely to ever be the case; as such
this is a “worst case” scenario. This is donellmraus to examine GHG emissions from the
householder’s point of view, for their householdyorFor these cases we are only examining
electrical production. We also assume that any ¢d@lectricity is made up for by the grid,
so there will be some grid production in combinatiath the BlueGen unit; the amount
required for any given hour for Victoria and NSWidntals are given in Table 5. Note that
at certain times of the day (6-9 pm) the averagesébold requirement is more than the
BlueGen unit can produce even at maximum outpii(2, hence additional electricity from
the grid would be required during these times, af/ére BlueGen unit was running at
maximum all day.
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ok ($+, - # 0$ /"

Average Grid Average BlueGen Grid F_’ower
BlueGen Power Required —
Power kW - Mode - VIC Required — Power kW —  Mode - N
VIC VIC NSW NSW
1 0.172426 self-sustain  0.172426 0.22145| self-sustain 0.221450
2 0.170618 self-sustain 0.170618 0.219128| self-sustain 0.219128
3 0.168971 self-sustain  0.168971 0.217013| self-sustain 0.217013
4 0.17102] self-sustain  0.171020 0.219644| self-sustain 0.219644
5 0.168971 self-sustain 0.168971 0.217013| self-sustain 0.217013
6 0.168971 self-sustain  0.168971 0.217013| self-sustain 0.217013
7 0.328655 self-sustain  0.328655 0.422098, self-sustain 0.422098
8 0.411742 1.5 kw 0 0.528809 1.5 kW 0
9 0.3366| self-sustain  0.336600 0.432302| self-sustain 0.432302
10 0.3448358 self-sustain  0.344835 0.442878| self-sustain 0.442878
11 0.333108 self-sustain  0.333105 0.427813| self-sustain 0.427813
12 0.331779 self-sustain  0.331779 0.42611] self-sustain 0.426110
13 0.211327 self-sustain  0.211327 0.271412| self-sustain 0.271412
14 0.3519853 self-sustain  0.351985 0.452061| self-sustain 0.452061
15 0.3543953 self-sustain  0.354395 0.455157| self-sustain 0.455157
16 0.3566453 self-sustain  0.356645 0.458046| self-sustain 0.458046
17 0.30137 self-sustain  0.301370 0.387055| self-sustain 0.387055
18 1.187679 2 kw 0 1.52536 2 kW 0
19 2.08215 2kw | 0.082150 2.674147 2 kKW 0.674147
20 2.059134 2kw | 0.059134 2.644587 2 kKW 0.644587
21 2.601249 2kW | 0.601249 3.340836 2 kW 1.340836
22 1.144155 2 kw 0 1.469462 2 kW 0
23 1.131743 2 kw 0 1.45352 2 kW 0
24 0.480477 1.5 kW 0 0.617087 1.5 kW 0
Total 15.37 5.014204 8.145764

We can see that for both Victoria and NSW to misemverall household greenhouse gas
emissions the BlueGen unit should operate at 1.5&V¥ hours, 2 kW for 6 hours, and

remain in self-sustain mode for the other 16 hodisen there is a need for an additional 5.01

kWh of electricity from the grid in Victoria, andXb kWh in NSW.

The average solar energy at any given hour is lz&xdigiven the average hourly daily
irradiation figures from ANZSES (2006), normaligedjive the average daily energy
production figures from solar panels from ORER igsuksed in section 3.4. These figures,
along with the remaining grid requirements for dita and NSW on an hourly basis are
given in Table 6. Note that at certain times & ¢tlay (8 am — 1 pm in Victoria, 8 am — 2pm
in NSW) the solar panels are producing more en#rgy the household is consuming at the
time, so this is considered to be wasted (fromhthesehold point of view).

CFCL BlueGen Electricity/Heat Comparison
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0* * ($+|'- #

$1

+$

Hour of Average  SolarkW  Grid Power Average  Solar kW  Grid Power
Day Power kW Production Required — Power kW Production Required —
- VIC - VIC \Y/[e: - NSW — NSW NSW
1 0.172426 0 0.172426| 0.22145 0 0.221450
2 0.170618 0 0.170618 0.219128 0 0.219128
3 0.168971 0 0.168971| 0.217013 0 0.217013
4 0.171020 0 0.171020| 0.219644 0 0.219644
5 0.168971 0 0.168971] 0.217013 0 0.217013
6 0.168971  0.007955 0.161016] 0.217013 0.010607 0.206406
7 0.328655 0.110760,  0.217895 0.422098 0.147680 0.274418
8 0.411742  0.233146 0.178596| 0.528809 0.310862 0.217947
9 0.336600  0.343906 0| 0.432302 0.458542 0
10 0.344835 0.380010 0| 0.442878 0.506680 0
11 0.333105 0.394085 0| 0.427813 0.525446 0
12 0.331779 0.394697 0| 0.426110 0.526262 0
13 0.211327  0.386741 0| 0.271412 0.515655 0
14 0.351985 0.372667 0| 0.452061 0.496889 0
15 0.354395  0.348802 0.005593 0.455157 0.465069 0
16 0.356645  0.311474| 0.045171] 0.458046 0.415298 0.042748
17 0.30137Q  0.209893 0.091477, 0.387055 0.279857 0.107198
18 1.187679  0.098521 1.089158 1.525360] 0.131362 1.393998
19 2.082150 0.007343 2.074807| 2.674147 0.009791 2.664356
20 2.059134 0 2.059134| 2.644587 0 2.644587
21 2.601249 0 2.601249 3.340836 0 3.340836
22 1.144155 0 1.144155 1.469462 0 1.469462
23 1.131743 0 1.131743 1.453520 0 1.453520
24 0.480477 0 0.480477, 0.617087 0 0.617087
Total 15.37 3.60| 12.132477 19.74 4.80| 15.526812

We can also see from Table 6 that of the 3.60 kWgraduction in Victoria, and 4.80 kWh
of production in NSW, only 3.24 kWh (89.9%) and4KWh (87.8%) is actually used by the
household, overall offsetting 21.1% and 21.3% efVictorian and NSW average household

electrical requirements. The related £gmissions are shown in Table 7.

2 1 "%, & $ ( (3"
CO,—e  Savings cf. Vic, Savings cf.
tly COe tly NSW, CO—e tly
Grid (VIC) 7.579
Grid (NSW) 7.715
BlueGen (electricity only) + Grid VIC 5.379 2.200
BlueGen (electricity only) + Grid NSW 6.090 1.625
Solar Panels + Grid (VIC) 5.982 1.597
Solar Panels + Grid (NSW) 6.068 1.647
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In this scenario when we ignore potential offsetsf outgoing power the combination of 2
kW solar panels with grid electricity in NSW actygbroduces slightly less overall
greenhouse gas when run in the fashion describad@as, although the BlueGen unit is still

the clear winner in Victoria.
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3. Additional Details

As previously mentioned, this report compares theunt of greenhouse gas emissions
resulting from the running of different systemsdades not comprise a full Life Cycle
Assessment.

The findings detailed in section 2 are based ord#ta given below.

3.1 BlueGen Efficiency

3.1.1

As the fuel cell stack degrades, export power ramaonstant — however, electrical
efficiency (the proportion of heat energy in the ¢faat is converted into electrical energy in
the fuel cell) decreases as shown in Table 8 owey. t

Electrical Efficiency

3 & #

AC Export

Yearly Average Fuel Cell Electrical Efficiency

Power (W) @ Yearl Year 2 Year 3 Year 4 Year 5
1,500 58.4% 55.2% 52.1% 49.2% 46.5¢
2,000 55.5% 52.4% 49.5% 46.8% 44,39

The efficiency at first use is approximately 59%l &6% for 1.5kW and 2kW electrical
output respectively. It is expected that in futcoenmercial versions the BlueGen unit will
remain in operation for 5 years before the fudlisethanged. Thus the average of the
efficiencies over this 5 year period was used endalculations —i.e. 52.28% at 1.5 kW and
49.7% at 2 kW electrical.

3.1.2 Total Efficiency

The overall system efficiency — made up of eleatramd thermal energy produced — remains
constant over the life of the fuel cell stack (oeer time the stack generates more heat and
less electricity):

AC Export Yearly Average Total Efficiency

Power (W) | Yearl Year 2 Year 3 Year4  Year5
1,500 81% 81% 81% 81% 81%
2,000 85% 85% 85% 85% 85%

Based on the figures given above, on average bees years in addition to the electrical
output there is a further 28.72% in usable heatggenerated by the BlueGen unit at a 1.5
kW electrical output (with 52.28% of the energyrgpinto electricity, so that's effectively
824 W of usable heat), and 35.3% at 2 kW (with 49df the energy going into electricity, so
that’s effectively 1421 W of usable heat). The aarmg 19% and 15% respectively of the
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heat energy of the natural gas being used by the@2#n unit is considered to be lost as
unusable waste heat.

3.2 Grid outputs

According to DCC (2009: Table 39, pages 59-60) average combined scope 2 and 3
emissions for purchased electricity by end useis3s kg CQ@-e/kWh for Victoria and 1.07

kg CO-e/kWh for NSW. These values would appear to kbenbst appropriate to compare
with BlueGen greenhouse gas outputs, as they tageaccount losses in distribution from the
power station to the consumer.

3.3 Natural Gas

According to ABARE (2010), the average heat enéngyatural gas is 38.8 MJfin

Victoria and 38.3 MJ/rin NSW (38.7 MJ/m nationwidé) when measured at %5 and
standard atmospheric pressure. Unfortunatelyishttse HHV (higher heating value) amount,
which assumes that any water vapour produced dadantpustion is captured and returned to
room temperatufe In conventional heating the water vapour iseagtured, so the LHV
(lower heating value) which is about 10% loweriatural gas should be used; 34.6 MJ/m
being the Australian average.

For purposes of determining efficiency of natura$ gombustion, we can not use the DCC
2009 Table 2 (Emission factors for the consumptibnatural gas) values, as these assume
industrially scaled processes that have measuvetslef both CH and NO outputs. Instead
the actual makeup of the natural gas needs toh&dmred, with the assumption that virtually
all of the carbon being converted into £8 100% efficiency (CFCL report 0.02% CO,
99.98% CQ). CFCL report an average composition for Ausarainatural gas as being:

91.7% CH

5.4% GHs

0.4% GHs

0.1% GHsp

1.1% N

1.3% CQ
Based on these values and the LHV for naturaligaan be calculated that for a theoretical
device operating with 100% efficiency one wouldahés production of electrical energy at 1
KW output an input of 1.633 SLM natural gas and Maasult in 193.47 g C£e being
produced each hour. SLM are standard litres pautaj the gas volume throughput, if it was
measured at°C and standard atmospheric pressure (101.325 kPa).

Thus, for a boiler operating at 85% efficiency, gieenhouse gas emissions would be 227.61
g CO-e/kWh.

34 Solar Panels

For purposes of comparison in this case it is assuttmat rather than installing a BlueGen
unit capable of 2 kW of electrical production, timusehold owner has instead chosen to

! See also “Energy Content of Australian Fuels”, http://www.energytoday.com.au/contentid66.html
? See “HHV or LHV?”, hitp://www.energytoday.com.au/contentid71.html
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install 2 kW of solar panels. However, the two o€ directly comparable; 2 kW is the
maximum output that the solar panels will give asisig a relatively bright, sunny day; the
rest of the time output will be lower, droppingzero during the night (at least with
conventional panels available to the consumer). avéeactually comparing the BlueGen unit
to the amount of grid power necessary to makeughbetfall of the solar panels. The solar
panels themselves produce no milst running, and we ignore the embodied enexagts

of the panels themselves (not to mention compara&oonomic costs), as with the BlueGen
unit.

Thanks to the recent solar rebate, the Australeweignment has produced “official” figures
for the amount of energy that can be produced avigiven size set of solar panels in various
locations (divided up into 4 “Zones”) around theioa. As noted on the website of the
Office of the Renewable Energy Regul&tar order to calculate the number of RECs you
may assign to your solar photovoltaic system yoltipiy the power output in kW (2 in this
case) by the “zone rating” for your location. ARIS equivalent to 1 MWh of production.
Locations in Melbourne (and most of Victoria) aneZione 4, which has a zone rating of
1.185, whereas Sydney (and most of coastal NSW)4ene 3, which has a zone rating of
1.382. Additional RECs are assigned for the SOladits scheme, but we are interested in
the actual amount of energy produced. So, fok@&/Xystem this will be 2.37 MWh in
Victoria and 2.764 MWh in NSW.

At a constant production rate of 1.5 kW and 2 kW, 24 hours a day, 365.25 days per year
(on average), we would produce 13.149 and 17.53Zh\&8pectively, equivalent to a daily
average of 3.6 kWh and 4.8 kWh respectively, sctiar system is merely allowing us to
reduce the amount of grid electricity we use bypiAL.0%.

® Office of the Renewable Energy Regulator (ORER), SGU Owners Guide, RET Process for Owners of
Small Generation Units (SGU), http://www.orer.gov.au/squ/index.html, last accessed 30" June 2010
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4. Conclusion and Discussion

The BlueGen unit produces fewer greenhouse emissiam the use of current grid
electricity in Victoria and NSW, or grid electrigiin combination with 2 kW of solar panels,
when offsets are considered, assuming that there isakage of natural gas during operation
of the BlueGen units. When considering the caseserage households (Scenario 2 and 3),
the BlueGen unit produces notably fewer emissionemthe “waste” heat can be used, but
the savings are fairly similar to solar panels wties is not an option; if offsets are
completely ignored, then the combination of 2 kWsolar panels and grid electricity
marginally outperforms the combination of the Ble®Gnit and grid electricity in NSW,

from a greenhouse gas point of view, when we alglooking to generate the amount of
electricity required by an average household basegower curves as in Scenario 3.
Similarly solar panels and grid electricity mardip@utperforms the BlueGen unit and grid
electricity in Victoria in Scenario 2 where electd offsets are incorporated, with a marginal
improvement the other way in NSW.

Note that this study is not a full Life Cycle Assegent (LCA). If such a comparative LCA
were undertaken then the BlueGen unit should bgpeoad with the necessary amount of
solar panels required to produce the energy condiloy@n average household throughout
the year. Based on the average household figuwrea gbove, in Victoria, for instance, this
would require approximately 8.5 kW of solar panalsj 8.2 kW in NSW. The embodied
emissions of all systems would also need to bentake account, including construction,
transport and recycling.

Another aspect that has not been considered heosisThe purchase of a BlueGen unit
comes with a capital outlay that is not requiredhxse content to run on grid power or
purchase “green energy” (i.e. the power provideuess that enough power generated by
wind turbines and/or solar power is produced inrtegstem to offset the purchased power).
Also, there are currently several government sclsethret allow for discounts when
purchasing solar power systems that are unlikehetextended to the BlueGen unit due to its
use of fossil fuels.

This review is a commissioned one, sponsored byaatiie request of the producer of the
BlueGen unit, and therefore should not be regaageah endorsement by CSIRO of the
product.
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