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Key
Post ve outcome - mp ovement w th espect to BAU

Neut al outcome - none o  m n mal change w th espect to BAU

Negat ve outcome - poo e  pe fo mance w th espect to BAU.

CapEx d fference $/m2) CapEx % upl ft
OpEx d fference 

$/m2/year)
OpEx (% uplift) Spatial requirements Other Acoustic implications V sual amenity Maintenance Behaviour change required Indoor air qual ty F re Other

Operat onal carbon 

emissions saved 

(kgCO2e/m2/year)

Other Operational 

considerat ons
Opportun ties Challenges Risks

Space heat ng Reve se cycle 3.00 4 50 21% -6.48 -63% Simi a  o BAU None

S ngle dwel ing es den ial sy tems 

a e typica ly le s noi y o  

equiva ent o gas BAU

Indoo  and ou doo  uni s may 

mpact a ch tectu al ntent ons

Typ cal y yea y hecks by owne  

and checks by a p o es ional eve y 

3-5 yea s  inc ud ng va ve ope a ion 

checks  expansion vessel 

p essu isat on and ea ing  i te  

cleaning eplacement a e equi ed  

The equ pment is we l unde stood  

nc eas ng ease o  ma ntenance

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

13

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Resident al eve se cycle sys ems 

can p ovide both heating and 

cool ng  P oduc s wi h sma t 

cont ol a e ava lab e on the 

ma ket  Combin ng a heat pump 

w th an ai  to ai  heat ecove y 

system mp oves the ope at onal 

e ciency o  he mechan cal 

s stem i  the bui d ng ab ic is well 

sealed

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

The e ic ency o  the heat ecove y 

sys em is educed i  the bu lding is 

not we l sealed

Space heat ng Reve se cycle  a  to a  heat ecove y 3.50 10.50 50% -7.08 -69% Simi a  o BAU None

S ngle dwel ing es den ial sy tems 

a e typica ly le s noi y o  

equiva ent o gas BAU

Indoo  and ou doo  uni s may 

mpact a ch tectu al ntent ons

Typ cal y yea y hecks by owne  

and checks by a p o es ional eve y 

3-5 yea s  inc ud ng va ve ope a ion 

checks  expansion vessel 

p essu isat on and ea ing  i te  

cleaning eplacement a e equi ed  

The equ pment is we l unde stood  

nc eas ng ease o  ma ntenance

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

13

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Resident al eve se cycle sys ems 

can p ovide both heating and 

cool ng  P oduc s wi h sma t 

cont ol a e ava lab e on the 

ma ket  Combin ng a heat pump 

w th an ai  to ai  heat ecove y 

system mp oves the ope at onal 

e ciency o  he mechan cal 

s stem i  the bui d ng ab ic is well 

sealed

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

Space heat ng Elect c panel heate 1.00 0 50 2% 1 12 11% Simi a  o BAU None Imp oved acou tic pe o mance
Pe sonal p e e ence  howeve  may 

mpact a ch tectu al ntent ons

Reduced ma n enance 

equi ements  Minimal 

maintenance expec ed

None expec ed as hea ing is 

ypica ly p og ammed
Reduced ai  bo ne pol ut on Reduced i e i k

Can have hot su a es  wh ch may 

be an is ue w th chi d en
13 None

Space Heat ng Elect c hot wate  bo le 0.85 9 50 45% 3 12 30% Simi a  o BAU None Imp oved acou tic pe o mance

Pe sonal p e e ence  howeve  

smal e  pa ial equi ements educe 

visual mpact

Reduced main enance equi ed due 

to educed complex ty o  he 

ystem

None expec ed as hea ing is 

ypica ly p og ammed

Boi e s a e t p cal y located 

ou doo s  howeve  tox c em ss on  

a e educed

Reduced i e i k None 13 None

DHW A  sou ce heat pump 2.50 11.00 76% 0 40 100% Inc ea ed spat al equi ements

Heat pumps should be oca ed 

somewhe e e at vely wa m with 

high ai  ci cula ion o  opt mal 

ope at on

an and comp esso  can be no sy Pe sonal p e e ence S m la  ma ntenance None n a - equ pment is loca ed outs de Reduced i e i k
Requi ement to lue the sy tem is 

emoved
1 None

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed  

Stakeholde s a e conce ned about 

this

DHW Elect c nstant 0.90 1 50 10% 1 80 450%

S ight y educed spat al 

equi ements as e ect c 

ins an aneous systems do not need 

o meet the en i ation 

equi emen s o  gas sto age 

sys ems

oca ion o  sys em shou d be nea  

end use o m nim se losses (with n 

~10m p pe un)  

None - equi a ent to BAU Pe sonal p e e ence

Un ts may need to be checked o  

tempe atu e eve y 6-12 months 

depend ng on thei  con gu ation

None
n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

Requi ement to lue the sy tem is 

emoved
1 None

Pip ng equi emen s can be educed 

as he sys ems a e des gned to 

supply hot wate  di ec ly to ocal 

demands  Can be used n 

con unct on w th a sola  hot wate  

system

3 phase powe  equi ed  High 

powe  oads should be nvesti a ed 

n cons de at on o  othe  bui ding 

loads

DHW Elect c sto age 0.85 17.00 117% 2 00 500%

Space s equi ed o  tank to age  

howeve  e ect c to age sy tems 

do not need to meet he vent lat on 

equi emen s o  gas sto age 

sys ems

As pe  instant e ect c  locat on o  

s o age tank must be cons de ed o 

m nmi e pipewo k osses

None - equi a ent to BAU Pe sonal p e e ence  Reduced ma ntenance None
n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

R sk o  bacte al g ow h  as pe  gas 

sto age un t  Requi ement o ue 

the system s emoved

1 None
Can be used n conjunct on with a 

sola  hot wate  system

Cook ng Elect c cooktop 0.68 -7.00 -47% 0 20 100% Equ valent to BAU
E ect c swi chboa d capaci y needs 

o be cons de ed
None - equi a ent to BAU Pe sonal p e e ence

No addit onal main enance 

expec ed

Tempe atu e cont ol is typ cal y 

educed and cook ng p ac ices 

equi ed access to open lame may 

be impac ed

Reduced ai  bo ne pol ut on
Imp o ement  as no open ame o  

isk o  gas eak

Elect ic elements ema n hot a te  

use  wh ch may be a sa ety 

conce n

0 None

Use s negative pe cept ons a ound 

the pe o mance o  e ect c 

cook ng app iances

Cook ng Induct on cooktop 0.75 4 50 47% 0 16 80% Equ valent to BAU
E ect c swi chboa d capaci y needs 

o be cons de ed
None - equi a ent to BAU Pe sonal p e e ence

No addit onal main enance 

expec ed

Change in coo wa e may be 

equi ed & cooking p act ces o  

wok based ook ng may be 
Reduced ai  bo ne pol ut on

Imp o ement  as no open ame o  

isk o  gas eak
None 0 None

Use s negative pe cept ons a ound 

the viab l ty o  nduction cook ng 

p ac ices

Pool heat ng (outdoo ) Wate  sou ce heat pump 2.50 13.50 90% -13 20 -83% Reduced pa ial equi ements

No equi ement o  igni icant 

venti at on o  outdoo  ai  – can be 

located in p ant space nea  pool 

w thout i e s  

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Equiva ent o BAU Reduced ma n enance Min mal n a - pool assumed to be outdoo Reduced i e i k None 20

Re ige an s have negative 

envi onmen a  impac s  ow GWP 

e ige an s hou d be p e e enced 

to m tiga e the issue

ow w nte  tempe a u es may 

a ect e ciency o  WSHP

Space heat ng Reve se cycle  a  to a  heat ecove y 3.50 13.50 75% -6.20 -69%

Add t onal p ant pace equi ed and 

addit onal duc wo k and equipemn  

equi ed o  heat ecove y 

vent la ion

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typ cal y yea y hecks by 

owne bu lding management and 

checks by a p o ess onal eve y 3-5 

yea s  nclud ng va ve ope at on 

checks  expansion vessel 

p essu isat on and ea ing  i te  

cleaning eplacement a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

12

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equipment equi ed  Combin ng a 

heat pump w th an ai  o ai  heat 

ecove y ystem imp oves he 

ope at onal e ic ency o  the 

mechan cal system

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

The e ic ency o  the heat ecove y 

sys em is educed i  the bu lding is 

not we l sealed

Space heat ng Reve se cycle 3.00 7 50 42% -5.60 -62%

Addi ional plant space equi ed o  

the a ge  ai  handl ng un ts  im t ng 

use o  oo  space o  othe  

puposes

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typ cal y yea y hecks by 

owne bu lding management and 

checks by a p o ess onal eve y 3-5 

yea s  nclud ng va ve ope at on 

checks  expansion vessel 

p essu isat on and ea ing  i te  

cleaning eplacement a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

12

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equ pment equi ed

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

Space Heat ng Polyvalent heat pump 3.30 1 50 8% -6.00 -67%

Addi ional outdoo  p ant pace o  

he ai  cooled heat pumps  l mi ing 

use o  oo  space o  othe  

puposes

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typ cal y yea y hecks by 

owne bu lding management and 

checks by a p o ess onal eve y 3-5 

yea s  nclud ng va ve ope at on 

checks  expansion vessel 

p essu isat on and ea ing  i te  

cleaning eplacement a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

Ven i ation may be equi ed in plan  

ooms n the event o  e ige ant 

leaks

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

12

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Po yvalent uni s can p ovide 

s mul aneous heating and cool ng 

mp ov ng the ene gy e i iency o  

the plant  The waste heat cou d 

also be used o  p e hea ing 

domes ic hot wate

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

The e a e only cu ent y wo 

manu actu e s hat can supply 

po yvalent heat pumps and the e s 

a ost p emimum as oc ated wi h 

them

Space heat ng Elect c panel heate 1.00 3 50 19% 1 00 11% Equ valent to BAU None Equ valent to BAU
Pe sonal p e e ence  howeve  may 

mpact a ch tectu al ntent ons

Reduced ma n enance 

equi ements  Minimal 

maintenance expec ed

None expec ed as hea ing is 

ypica ly p og ammed
Reduced ai  bo ne pol ut on Reduced i e i k

Can have hot su a es  wh ch may 

be an is ue w th chi d en
12 None

Space Heat ng Elect c hot wate  bo le 0.85 12.50 69% 2 80 31% Reduced pa ial equi ements None Imp oved acou tic pe o mance

Pe sonal p e e ence  howeve  

smal e  pa ial equi ements educe 

 

Reduced main enance equi ed due 

to educed complex ty o  he 
None expec ed as hea ing is 

ypica ly p og ammed

Boi e s a e t p cal y located 

ou doo s  howeve  tox c em ss on  

 

Reduced i e i k None 12 None

DHW A  sou ce heat pump 2.50 11.00 76% 0 40 100% Inc ea ed spat al equi ements

Heat pumps should be oca ed 

somewhe e e at vely wa m with 

high ai  ci cula ion o  opt mal 

ope at on

an and comp esso  can be no sy
n a - typ cal y ocated n p ant 

ooms
S m la  ma ntenance None n a - equ pment is loca ed outs de Reduced i e i k

Requi ement to lue the sy tem is 

emoved
1 None

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed  

Stakeholde s a e conce ned about 

this

DHW Elect c nstant 0.90 1 50 10% 1 80 450%

S ight y educed spat al 

equi ements as e ect c 

ins an aneous systems do not need 

o meet the en i ation 

equi emen s o  gas sto age 

sys ems

oca ion o  sys em shou d be nea  

end use o m nimise losses (wi h n 

~10m p pe un)  Some sy tems can 

be ecessed in o wa ls  equi ng 

coo d nation w th a h tectu al 

eam

None - equi a ent to BAU

Pe onal p e e ence  May equi e 

coo d na ion wi h a ch tectu al 

team

Un ts may need to be checked o  

tempe atu e eve y 6-12 months 

depend ng on thei  con gu ation

None
n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

Requi ement to lue the sy tem is 

emoved
1 None

Pip ng equi emen s can be educed 

as he sys ems a e des gned to 

supply hot wate  di ec ly to ocal 

demands  Can be used n 

con unct on w th a sola  hot wate  

system

3 phase powe  equi ed  High 

powe  oads should be nvesti a ed 

n cons de at on o  othe  bui ding 

oads  o  bui dings w th high hot 

wa e  demand  nstant elect ic is 

typ cal y not eas ble since the 

numbe  o  un ts equi ed is h gh

DHW Elect c sto age 0.85 17.00 117% 2 00 500%

Space s equi ed o  tank to age  

howeve  e ect c to age sy tems 

do not need to meet he vent lat on 

equi emen s o  gas sto age 

sys ems

As pe  instant e ect c  locat on o  

s o age tank must be cons de ed o 

m nmi e pipewo k osses

None - equi a ent to BAU
n a - typ cal y ocated n p ant 

ooms
Reduced ma ntenance None

n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

R sk o  bacte al g ow h  as pe  gas 

sto age un t  Requi ement o ue 

the system s emoved

1 None
Can be used n conjunct on with a 

sola  hot wate  system

Cook ng Elect c cooktop 0.68 -9.00 -53% 0 20 100% Equ valent to BAU
E ect c swi chboa d capaci y needs 

o be cons de ed
None - equi a ent to BAU Pe sonal p e e ence

No addit onal main enance 

expec ed

Tempe atu e cont ol is typ cal y 

educed and cook ng p ac ices 

equi ed access to open lame may 

be impac ed

Reduced ai  bo ne pol ut on
Imp o ement  as no open ame o  

isk o  gas eak

Elect ic elements ema n hot a te  

use  wh ch may be a sa ety 

conce n

0 None

Use s negative pe cept ons a ound 

the pe o mance o  e ect c 

coo ing p acti es

Cook ng Induct on cooktop 0.75 2 50 22% 0 16 80% Equ valent to BAU
E ect c swi chboa d capaci y needs 

o be cons de ed
None - equi a ent to BAU Pe sonal p e e ence

No addit onal main enance 

expec ed

Change in coo wa e may be 

equi ed & cooking p act ces o  

wok based ook ng may be 

impacted

Reduced ai  bo ne pol ut on
Imp o ement  as no open ame o  

isk o  gas eak
None 0 None Tbc

Use s negative pe cept ons a ound 

the viab l ty o  nduction cook ng 

p ac ices

Tbc

Space heat ng Elect c panel heate 1.00 -25 94 -47% 0 24 9%

Add t onal p ant pace equi ed and 

addit onal duc wo k and equipemn  

equi ed o  heat ecove y 

vent la ion

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

3

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equipment equi ed  Combin ng a 

heat pump w th an ai  o ai  heat 

ecove y ystem imp oves he 

ope at onal e ic ency o  the 

mechan cal system

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

The e ic ency o  the heat ecove y 

sys em is educed i  the bu lding is 

not we l sealed

User Exper ence, Wellbeing and Safety Environment Other

Residential Class 

1

Residential Class 

2

Bu lding Typology Gas Application Alternat ve Technology

A ternative 

technology system 

efficiency

Relat ve Cost (Alternate technolgy - baseline gas technology)

A up dent f ed netwo ked gas uses fo  each bu ld ng typology assessed. The mat x below summa ses A up's assessment of the va ous alte nat ve technolog es wh ch do not ely on netwo ked gas. G ven that the p ec nct s n the ea ly stages of 

plann ng and that many pa amete s go nto the s z ng and select on of technology systems, the assessment of technolog es p ov des a elat ve compa son only. It s not ntended to be an exhaust ve l st of technolog es, and t should be noted that 

ex st ng technolog es unde go mp ovements ove  t me and new technolog es a e expected to be nt oduced n the futu e. Assumpt ons have been summa sed n the 'Modell ng assumpt ons' pages of the epo t.

Design
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CapEx d fference $/m2) CapEx % upl ft
OpEx d fference 

$/m2/year)
OpEx (% uplift) Spatial requirements Other Acoustic implications V sual amenity Maintenance Behaviour change required Indoor air qual ty F re Other

Operat onal carbon 

emissions saved 

(kgCO2e/m2/year)

Other Operational 

considerat ons
Opportun ties Challenges Risks

User Exper ence, Wellbeing and Safety Environment Other

  

Bu lding Typology Gas Application Alternat ve Technology

A ternative 

technology system 

efficiency

Relat ve Cost (Alternate technolgy - baseline gas technology) Design

Space heat ng Elect c hot wate  bo le 0.85 -7.48 -13% 0 84 33% Addi ional plant space equi ed

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

3

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equ pment equi ed

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

Space heat ng Reve se cycle 3.00 30.23 54% -1.56 -61% Equ valent to BAU None None
Pe sonal p e e ence  howeve  may 

mpact a ch tectu al ntent ons

Reduced ma n enance 

equi ements  Minimal 

maintenance expec ed

None expec ed as hea ing is 

ypica ly p og ammed
Reduced ai  bo ne pol ut on Reduced i e i k

Can have hot su a es  wh ch may 

be an is ue w th chi d en
3 None

Space heat ng Reve se cycle  a  to a  heat ecove y 3.50 44.85 81% -1.76 -69% Reduced pa ial equi ements None Imp oved acou tic pe o mance

Pe sonal p e e ence  howeve  

smal e  pa ial equi ements educe 

visual mpact

Reduced main enance equi ed due 

to educed complex ty o  he 

ystem

None expec ed as hea ing is 

ypica ly p og ammed

Boi e s a e t p cal y located 

ou doo s  howeve  tox c em ss on  

a e educed

Reduced i e i k None 3 None

DHW A  sou ce heat pump 2.50 6 39 67% 0 28 88% Inc ea ed spat al equi ements

Heat pumps should be oca ed 

somewhe e e at vely wa m with 

high ai  ci cula ion o  opt mal 

ope at on

an and comp esso  can be no sy
n a - typ cal y ocated n p ant 

ooms
S m la  ma ntenance None n a - equ pment is loca ed outs de Reduced i e i k

Requi ement to lue the sy tem is 

emoved
0 None

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed  

Stakeholde s a e conce ned about 

DHW Elect c nstant 0.90 -3.71 -39% 1 48 463%

S ight y educed spat al 

equi ements as e ect c 

ins an aneous systems do not need 

o meet the en i ation 

equi emen s o  gas sto age 

sys ems

oca ion o  sys em shou d be nea  

end use o m nimise losses (wi h n 

~10m p pe un)  Some sy tems can 

be ecessed in o wa ls  equi ng 

coo d nation w th a h tectu al 

eam

None - equi a ent to BAU

Pe onal p e e ence  May equi e 

coo d na ion wi h a ch tectu al 

team

Un ts may need to be checked o  

tempe atu e eve y 6-12 months 

depend ng on thei  con gu ation

None
n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

Requi ement to lue the sy tem is 

emoved
0 None

Pip ng equi emen s can be educed 

as he sys ems a e des gned to 

supply hot wate  di ec ly to ocal 

demands  Can be used n 

con unct on w th a sola  hot wate  

system

3 phase powe  equi ed  High 

powe  oads should be nvesti a ed 

n cons de at on o  othe  bui ding 

oads  o  bui dings w th high hot 

wa e  demand  nstant elect ic is 

typ cal y not eas ble since the 

numbe  o  un ts equi ed is h gh

DHW Elect c sto age 0.85 -2.09 -22% 1 48 463%

Space s equi ed o  tank to age  

howeve  e ect c to age sy tems 

do not need to meet he vent lat on 

equi emen s o  gas sto age 

sys ems

As pe  instant e ect c  locat on o  

s o age tank must be cons de ed o 

m nmi e pipewo k osses

None - equi a ent to BAU
n a - typ cal y ocated n p ant 

ooms
Reduced ma ntenance None

n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

R sk o  bacte al g ow h  as pe  gas 

sto age un t  Requi ement o ue 

the system s emoved

0 None
Can be used n conjunct on with a 

sola  hot wate  system

Labs - Bunsen Bu ne s Elect c Bunsen Bu ne s 0.75 2 23 112% -156.48 -93% Equ valent to BAU None Equ valent to BAU Equiva ent o BAU M nimal change

Ope ation o  equ pment di e s e g  

co ou  o  ame cannot be used to 

indi a e tempe atu e o  sy tem

Reduced ai  bo ne po lut on as no 

open lame

Imp o ement  as no open ame o  

isk o  gas eak
No open ame o  sk o  gas leaks 9 None

S udent educat on may be 

mpac ed as di ect use o  the 

bunsen bu ne  lame is equi ed o  

ome expe ments and an e ect cal 

bunsen bu ne s cannot supplement 

this pe o mance

Labs - Bunsen Bu ne s Sto age (bottled gas) 1.00 -0.58 -19% -6.76 -100% Equ valent to BAU
Sa e to age o  bott es at each ab 

tab e must be con ide ed
Equ valent to BAU Equiva ent o BAU

Gas bot les must be pe odica ly 

e i led
Min mal Equ valent to BAU Equiva ent to BAU

Sto age o  gas bott es nea  

wo kspaces may be a sa e y -18 None

Space heat ng Elect c hot wate  bo le 0.85 -7.48 -13% 4 20 31%

Add t onal p ant pace equi ed and 

addit onal duc wo k and equipemn  

equi ed o  heat ecove y 

vent la ion

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

17

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equipment equi ed  Combin ng a 

heat pump w th an ai  o ai  heat 

ecove y ystem imp oves he 

ope at onal e ic ency o  the 

mechan cal system

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

The e ic ency o  the heat ecove y 

sys em is educed i  the bu lding is 

not we l sealed

Space heat ng Reve se cycle 3.00 30.23 54% -8.40 -63% Addi ional plant space equi ed

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

17

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equ pment equi ed

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

Space heat ng Reve se cycle  a  to a  heat ecove y 3.50 44.85 81% -9.20 -69% Reduced pa ial equi ements None Imp oved acou tic pe o mance

Pe sonal p e e ence  howeve  

smal e  pa ial equi ements educe 

visual mpact

Reduced main enance equi ed due 

to educed complex ty o  he 

ystem

None expec ed as hea ing is 

ypica ly p og ammed

Boi e s a e t p cal y located 

ou doo s  howeve  tox c em ss on  

a e educed

Reduced i e i k None 17

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

DHW A  sou ce heat pump 2.50 6 39 67% 0 08 67% Inc ea ed spat al equi ements

Heat pumps should be oca ed 

somewhe e e at vely wa m with 

high ai  ci cula ion o  opt mal 

ope at on

an and comp esso  can be no sy
n a - typ cal y ocated n p ant 

ooms
S m la  ma ntenance None n a - equ pment is loca ed outs de Reduced i e i k

Requi ement to lue the sy tem is 

emoved
0 None

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed  

Stakeholde s a e conce ned about 

this

DHW Elect c nstant 0.90 -2.09 -22% 0 48 400%

S ight y educed spat al 

equi ements as e ect c 

ins an aneous systems do not need 

o meet the en i ation 

equi emen s o  gas sto age 

sys ems

oca ion o  sys em shou d be nea  

end use o m nimise losses (wi h n 

~10m p pe un)  Some sy tems can 

be ecessed in o wa ls  equi ng 

coo d nation w th a h tectu al 

eam  

None - equi a ent to BAU

Pe onal p e e ence  May equi e 

coo d na ion wi h a ch tectu al 

team

Un ts may need to be checked o  

tempe atu e eve y 6-12 months 

depend ng on thei  con gu ation

None
n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

Requi ement to lue the sy tem is 

emoved
0 None

Pip ng equi emen s can be educed 

as he sys ems a e des gned to 

supply hot wate  di ec ly to ocal 

demands  Can be used n 

con unct on w th a sola  hot wate  

system

3 phase powe  equi ed  High 

powe  oads should be nvesti a ed 

n cons de at on o  othe  bui ding 

oads  o  bui dings w th high hot 

wa e  demand  nstant elect ic is 

typ cal y not eas ble since the 

numbe  o  un ts equi ed is h gh

May not be eas ble in la ge 

supe ma ket due to est ct ons n 

pipe lengths

DHW Elect c sto age 0.85 0 35 4% 0 48 400%

Space s equi ed o  tank to age  

howeve  e ect c to age sy tems 

do not need to meet he vent lat on 

equi emen s o  gas sto age 

sys ems

As pe  instant e ect c  locat on o  

s o age tank must be cons de ed o 

m nmi e pipewo k osses

None - equi a ent to BAU
n a - typ cal y ocated n p ant 

ooms
Reduced ma ntenance None

n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

R sk o  bacte al g ow h  as pe  gas 

sto age un t  Requi ement o ue 

the system s emoved

0 None

Space heat ng Elect c hot wate  bo le 0.85 2 00 3% 4 20 31% Reduced pa ial equi ements None Imp oved acou tic pe o mance

Pe sonal p e e ence  howeve  

smal e  pa ial equi ements educe 

visual mpact

Reduced main enance equi ed due 

to educed complex ty o  he 

ystem

None expec ed as hea ing is 

ypica ly p og ammed

Boi e s a e t p cal y located 

ou doo s  howeve  tox c em ss on  

a e educed

Reduced i e i k None 17 None

Space heat ng Reve se cycle 3.00 -9.00 -14% -8.40 -63% Addi ional plant space equi ed

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

17

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equ pment equi ed

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

Space heat ng Reve se cycle  a  to a  heat ecove y 3.50 1 00 2% -9.20 -69%

Add t onal p ant pace equi ed and 

addit onal duc wo k and equipemn  

equi ed o  heat ecove y 

vent la ion

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 

shou d be used to educe i e and 

envi onmental sk  eaks shou d 

a so be p evented to educe 

e ige ant consumpt on

17

Re ige an s have negative 

envi onmen al impac s  ow GWP 

e ge ants can be e ected to 

m t gate he i sue

Some ASHP e g  eve e cyc e) can 

p ov de heat ng n winte  and 

cool ng n summe  months  

educ ng he mechan cal se v ce 

equipment equi ed  Combin ng a 

heat pump w th an ai  o ai  heat 

ecove y ystem imp oves he 

ope at onal e ic ency o  the 

mechan cal system

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed

The e ic ency o  the heat ecove y 

sys em is educed i  the bu lding is 

not we l sealed

DHW A  sou ce heat pump 2.50 18.00 100% 2 48 98% Inc ea ed spat al equi ements

Heat pumps should be oca ed 

somewhe e e at vely wa m with 

high ai  ci cula ion o  opt mal 

ope at on

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

n a - typ cal y ocated n p ant 

ooms
S m la  ma ntenance None n a - equ pment is loca ed outs de Reduced i e i k

Requi ement to lue the sy tem is 

emoved
3 None

ow w nte  tempe a u es may 

a ect e ciency o  ASHP and  

supplemen ation w th a o m o  

wate  hea e  may be equi ed  

Stakeholde s a e conce ned about 

DHW Elect c nstant 0.90 11.50 64% 11.48 456%

S ight y educed spat al 

equi ements as e ect c 

ins an aneous systems do not need 

o meet the en i ation 

equi emen s o  gas sto age 

sys ems

oca ion o  sys em shou d be nea  

end use o m nimise losses (wi h n 

~10m p pe un)  Some sy tems can 

be ecessed in o wa ls  equi ng 

coo d nation w th a h tectu al 

eam

None - equi a ent to BAU

Pe onal p e e ence  May equi e 

coo d na ion wi h a ch tectu al 

team

Un ts may need to be checked o  

tempe atu e eve y 6-12 months 

depend ng on thei  con gu ation

None
n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

Requi ement to lue the sy tem is 

emoved
3 None

Pip ng equi emen s can be educed 

as he sys ems a e des gned to 

supply hot wate  di ec ly to ocal 

demands  Can be used n 

con unct on w th a sola  hot wate  

system

3 phase powe  equi ed  High 

powe  oads should be nvesti a ed 

n cons de at on o  othe  bui ding 

oads  o  bui dings w th high hot 

wa e  demand  nstant elect ic is 

typ cal y not eas ble since the 

numbe  o  un ts equi ed is h gh

DHW Elect c sto age 0.85 14.00 78% 12.28 487%

Space s equi ed o  tank to age  

howeve  e ect c to age sy tems 

do not need to meet he vent lat on 

equi emen s o  gas sto age 

sys ems

As pe  instant e ect c  locat on o  

s o age tank must be cons de ed o 

m nmi e pipewo k osses

None - equi a ent to BAU
n a - typ cal y ocated n p ant 

ooms
Reduced ma ntenance None

n a i  equ pment is located ou side  

mp ovement i  ocated nside
Reduced i e i k

R sk o  bacte al g ow h  as pe  gas 

sto age un t  Requi ement o ue 

the system s emoved

3 None

Comme c al cook ng Induct on cooktop 0.75 201.00 452% 63.12 85% Equ valent to BAU

E ect c swi chboa d capaci y needs 

to be conside ed  High elect ic 

oads n comme cial k tchens 

should be asse sed o  impact on 

peak bui ding powe  & ove all 

ene gy consumption

None - equi a ent to BAU

Some comme c al ki chens use 

open ames o enhance the din ng 

expe ience

No addit onal main enance 

expec ed

Change n cookwa e s equi ed & 

cook ng p ac ices o  wok ba ed 

ook ng and im a  s mpacted  

The expected mpact is a ge  than 

o  es den ial cooks

Reduced ai  bo ne pol ut on
Imp o ement  as no open ame o  

isk o  gas eak

Reduced heat load in kitchens  

p ovid ng a be te  wo k ng 

envi onment o  sta

95 None

Oppo un ty to howcase nduction 

technology to the p o ess onal 

cooking commun ty  who a e 

expected to t ans tion to a gely 

e ect c cook ng techno og es

Some use s have negat ve 

pe cept ons a ound he v ab l ty o  

nduc ion cook ng p ac ices

Some enan s may be hes tent to 

sign lease due to the change in 

cooking p act ces equi ed  

S akeho de  consu tat on suggests 

this s mo t ike y an i sue w th 

As an es au ants  The e may be a 

demand o  on si e gas sto age to 

meet spec al st cook ng demands

Space heat ng Elect c panel heate 1.00 -18 00 -40% 1 12 10% Equ valent to BAU None None
Pe sonal p e e ence  howeve  may 

mpact a ch tectu al ntent ons

Reduced ma n enance 

equi ements  Minimal 

maintenance expec ed

None expec ed as hea ing is 

ypica ly p og ammed
Reduced ai  bo ne pol ut on Reduced i e i k

Can have hot su a es  wh ch may 

be an is ue w th chi d en
14 None

Space heat ng Reve se cycle 3.00 10.50 24% -6.68 -63% Addi ional plant space equi ed

Add tional vent la ion mea u es 

may be equi ed n the case o  

e ge ant leaks  P es u isa ion 

methods also equi ed in the event 

o  i es e ated to these 

e ige an s

an and comp esso  can be no sy  

howeve  m nimal mp ica ions i  

plant is oca ed on oo

Add t onal p ant pace may impact 

a ch tectu al ntent ons

Typica ly yea y checks by bu ld ng 

management and checks by a 

p o ess onal eve y 3-5 yea s  

nclud ng va ve ope at on checks  

expan ion ves el p essu sat on and 

ea ng  i te  clean ng eplacemen  

a e equi ed

None expec ed as hea ing is 

ypica ly p og ammed

n a - Reve se cyc e heat pumps a e 

oca ed outs de

ow GWP l quid e ige ants can be 

high y ammab e  Non lamab e  

non toxic ow GWP iquid 

e ge ants should be used to 

educe i k o  i e  Regu a  

ma ntenance o  equipment can 

educe sk

Potent a ly notable envi onmen al 

mpact om e ige an s used by 

heat pumps  Class A e i e ants 
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Overview
Molonglo Commercial Centre

The ACT Government is establishing a pilot mixed-
use precinct in the Molonglo Valley that will provide 
a variety of commercial, residential, retail and 
community facilities. In line with the recent 
Parliamentary and Governing Agreement (see right) 
the precinct will not be connected to the natural gas 
network. This presents both perceived and actual 
barriers and opportunities for a variety of 
stakeholders. 

Purpose of this Report

The purpose of this Report is to explore and 
document the perceived barriers and opportunities for 
the Molonglo Commercial Centre. This Report:

• Documents findings from stakeholder consultation 
and a literature review in the context of the 
Molonglo Commercial Centre

• Provides a relative comparison of technological 
and non-technological solutions, based on 
assumptions specific to the Centre context and at a 
high level, given the very early stages of planning 
for the development

The cost information and commentary provided are 
for the purposes of planning direction and to inform 
conversations with stakeholders, and are not to be 
used for actual cost estimation. 

“Develop the Molonglo Commercial Centre as an 

all-electric commercial centre (no new connections 

to gas mains network, but allow transition gas 

arrangements such as tanks), in partnership with 

expert stakeholders, and use lessons from this 

project to assist the phase out of fossil-fuel gas in 

the ACT, and demonstrate national best practice.”

- Parliamentary and Governing Agreement,

10th Legislative Assembly for the ACT, 2020

This Report is for internal ACT Government use only. 
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Glossary

• ACT - Australian Capital Territory

• AEMO - Australian Energy Market Operator

• AIRAH - Australian Institute of Refrigeration Air conditioning and Heating

• ANU - Australian National University

• ARENA - Australian Renewable Energy Agency

• BAU - Business as usual

• BREEAM - Building Research Establishment Environmental Assessment Method

• CIT - Canberra Institute of Technology

• CO - Carbon monoxide

• CO2 – Carbon dioxide

• CO2eq - Measure to compare various greenhouse gases on global-warming potential (GWP) equivalent to CO2

• COAG - Council of Australian Governments

• CoP - Coefficient of performance

• DHW - District hot water

• EEIS - Energy Efficiency Improvement Scheme

• EPSDD - Environment, Planning and Sustainable Development Directorate

• EUI - Energy use intensity

Key terms and acronyms utilised include:

Carbon - is a colloquial term used by industry to refer to carbon dioxide emissions and greenhouse gas emissions more broadly

'Gas-free' - in the context of this Report means no gas provided via a distribution network and some possible allowance for gas cylinders as part of transitionary arrangements.

Net zero - refers to a building, company or other operation that is removing and producing equal amounts of greenhouse gas emissions. The boundaries and specific definitions 
used can vary

• EV - Electric vehicle

• F+B - Food and beverage

• GBCA - Green Building Council of Australia

• GWP - Global warming potential

• HES - Home energy system

• HVAC - Heating ventilation and cooling

• IEA - International Energy Agency

• LPG - Liquefied petroleum gas

• MWh - Mega Watt hour

• NO2 - Nitrogen dioxide

• NSW - New South Wales

• PV - Photovoltaics

• RCAC - Reverse cycle air conditioning

• SLA - Suburban Land Agency

• UK - United Kingdom

• VOCs - Volatile organic compounds
14
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Suburban Land 
Agency ambitions
The Suburban Land Agency (SLA) 
delivers the ACT Government’s 
suburban land development program, 
which includes the release of the land 
for the Molonglo Commercial Centre. 

Through its functions, the SLA seeks 
to encourage and promote inclusive 
communities, through the delivery of 
people-focussed neighbourhoods and 
suburban development that supports: 

• affordable living

• a safe and healthy population

• social inclusion

• housing choice

• environmental sustainability

This is underpinned by the SLA’s 
Sustainability Strategy, which covers 
categories across social and 
environmental sustainability, as 
shown on the right. The report draws 
on these elements and the above 
objectives, for example by mapping 
precinct scenarios against these.

Environmental sustainability:

• Conserving and enhancing 
biodiversity

• Reducing emissions from waste 
and reusing materials 

• Reducing water use and improving 
water quality 

• Reducing energy use and 
encouraging renewable energy

• Improving transport outcomes 

• Adapting to a changing climate 

Social sustainability:  

• Creating people-focussed 
neighbourhoods and communities 

• Supporting affordable living 

• Encouraging safe and healthy 
people 

• Promoting social inclusion 

• Providing housing choice

Back to contents
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Gas industry 
direction

For now, no gas in Green Star 6-star 
buildings
• Under the 2019 version of Green 

Star Design and As-built v1.3, more 
points are likely achieved if gas 
based systems are used. This is a 
result of a method that only 
considers grid emissions.

• In the 2020 issue of Green Star 
Buildings v1, a 6-star rating will 
only be awarded to buildings that 
eliminate the use of fossil fuels. 
Specifically, a building must be 
fully electric and powered 
completely by renewable sources to 
achieve the 6-star certification in 
future. 

• For the Living Building Challenge, 
which represents global best 
practice, ultimately gas is not 
allowed except for commercial 
catering on a case by case basis –
for example, a flame grilled wok.

• The Australian Building Code's 
Board has developed a 2028 net 
zero trajectory for buildings which, 
unless rollout of green gas was 
accelerated, would only be 
compatible with all-electric 
buildings59.

In the ACT, gas is mostly used for 
space and water heating
• In the ACT, natural gas is 

responsible for approximately 20% 
of our emissions inventory5.

• The ACT is turning to all-electric 
greenfield and infill developments.

• The majority of gas in households 
is used for space and water heating, 
with a small amount used for 
cooking. 2020 projections using 
2015 data demonstrate the split as:

• 77% space heating
• 21% water heating
• 2% cooking8

• 13% of the ACT's gas use is for 
commercial / industrial uses, with 
most of this being used by the ACT 
Government and the ANU57.

• Other uses can include:
• Bunsen burners or sterilising 

equipment in education or 
health settings

• Pool heating
• Heavy industry, particularly 

for heat-based processes, 
which is limited in Canberra

• There are businesses and 
tradespersons in Canberra with 
vested interests in gas. Provision of 
misinformation by tradespeople has 
been observed by the ACT 
Government9.

Decarbonisation of the gas network is 
receiving growing attention
• Energy Networks Australia’s Gas 

Vision 2050 outlines a plan for 
decarbonising the gas network 
using biogas and hydrogen, with the 
next 5 years focused on 
demonstration and a targeted 
decarbonised network in 20-40 
years7.

• There is consideration of the 
potential impacts of this for the 
Molonglo Commercial Centre on 
page 79 of this Report.

Gas has an uncertain national and 
international outlook
• The International Energy Agency’s 

(IEA) recent World Energy Outlook 
highlights the uncertain future of 
gas4.

• The IEA recent Net Zero by 2050
roadmap proposes bans on new 
fossil fuel boilers globally by 
20257.

• The Energy Council of Australia 
has highlighted that gas's role will 
depend on how competitive it can 
be on price and sustainability1.

• Domestic consumption in Australia 
is reducing due to increase in 
electric heating and hot water, 
related to the uptake of solar 
photovoltaics (PV) and energy 
efficiency measures3.

• Environmental and cost based 
targets are reducing gas 
consumption. Victorian state 
schools are removing gas 
connections and replacing Bunsen 
burners with electric hot plates, for 
example65.

Back to contents
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Energy prices Gas prices are uncertain but 
anticipated to rise
• The AEMO also reviewed the gas 

prices in Australia and forecast 
the gas price with consideration 
of the supply and demand of 
natural gas in each state.

• Gas price are anticipated to 
further rise in the order of 35% 
within 10 years for the east coast. 

• Compared to the roughly stable 
electricity prices shown 
previously, gas will become 
increasingly expensive.

• Gas is exposed to future carbon 
regulation / price exposure in the 
transition to low carbon futures.

• Anticipated trends are largely 
influenced by:

• Continued influence from 
overseas markets.

• Limited policy intervention 
anticipated.

• Significant rises in recent 
years.

• While gas prices in the ACT are 
set to reduce by 1% in 2021/22, 
these are expected to rise over the 
following four years12.

10 AEMO Electrical Statement of Opportunities 2019

Electricity prices are anticipated to 
be steady
• The Australian Energy Market 

Operator (AEMO) forecast the 
supply and cost of electricity on 
the basis of market drivers and 
insights including changing 
demand, climate variations, 
policy, costs and industry trends.

• Prices are expected to hover 
around the current mark as 
renewable projects and adoption 
develop in the coming years. 

• Retirement of aging generation 
fleet will lead to increased costs 
in the near future, returning the 
price to near 2017 levels.

• In the ACT, consumers are 
somewhat protected from 
generation price changes due to 
the feed-in tariff scheme, 
however distribution costs are 
still passed on via Evoenergy.

• Despite prices falling 2.6% in the 
20/21 financial year, from 1 July 
2021 electricity prices will 
increase by up to 11.95% for 
small business and residential 
customers in the ACT11.

Wholesale gas price forecasts ($/GJ) for East coast 

Back to contents
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The Centre
The Molonglo Commercial Centre will provide important 
services to the Molonglo Valley

This will likely include one or more supermarkets, retail 
businesses, office space, one or more schools and a variety of 
residential lots. 

“Gas-free” means no gas distribution network 

For the Centre, “gas-free” means without a connection to the 
gas distribution network. Some transitionary arrangements will 
be able to be put in place (e.g. gas cylinders on site), and this 
would not preclude arrangements such as hydrogen fuel for 
transport being driven in to the precinct in the future.

Given it will be the first mixed use/commercial centre or 
precinct without a connection to the gas distribution network in 
the ACT, it will assist in establishing what best practice looks 
like in the ACT context and will aim to address perceived and 
actual barriers to gas-free developments. 

As a greenfield site, there is no gas infrastructure that would be 
stranded by the gas-free approach and no need to retrofit 
existing buildings with electric appliances or plant.

This study will enable effective communication to the SLA 
team, potential tenants and developers, and the local and wider 
community on the benefits and practicalities of a networked 
gas-free community. 

Back to contents
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Typical uses of 
gas
This study looks at six different 
typical building typologies for 
the precinct in order to identify 
the common uses of gas from the 
network, summarised on the 
right.

Gas uses were identified based 
on typical inclusions on other 
projects, survey results from 
ACT Government Directorates 
and Agencies and stakeholder 
engagement activities. 

Additional typologies

While this list does not cover all 
different building typologies, it 
provides breadth that enables 
insights to be drawn from these –
for example, office spaces could 
refer to health facilities to 
understand likely space heating 
comparisons. Similarly, cooking 
in schools can draw lessons from 
the retail and residential 
typologies.

Building 
typologies

Characteristics Gas uses

Residential 
(class 1)

Typical usage patterns of residents with 
higher usage in the morning and evenings.
Class 1 – typically a single lease, no 
common property.

• Cooking
• Space heating
• Domestic hot water
• Swimming pools

Residential 
(class 2)

Typical usage patterns of residents with 
higher usage in the morning and evenings.
Class 2 – typically units with common 
property.

• Cooking
• Space heating
• Domestic hot water
• Pool heating

Education Some peaks in demand during events and 
due to scheduled nature of school day. All 
future ACT schools to be all-electric. 

• Space heating
• Domestic hot water
• Bunsen burners

Supermarket Large commercial retail space with 
requirements for backup generation.

• Space heating
• Domestic hot water

Retail (restaurant) Highly focused on cooking requirements and 
preferences.

• Commercial cooking
• Space heating
• Domestic hot water

Health Depending on the facility, can be similar to 
an office space with larger health facilities 
requiring steam generation.

• Space heating
• Domestic hot water
• Specialist high temperature uses 

including laundry, high temperature 
treatments / pathology and steam 
generation for sterilisers

Back to contents
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Stakeholder approach
Stakeholders were selected to 
provide the project with a wide 
variety of perspectives. The 
purpose of each stakeholder 
engagement is summarised in the 
diagram on the right. 

The Restaurant and Catering 
Industry Association of Australia 
were approached for interview, 
however, an interview was not 
secured. Research and feedback 
from other interviewed 
stakeholders highlighted the unique 
requirements of the field and the 
importance of stakeholder 
consultation. It is recommended 
that the SLA consult groups in this 
field to inform the development of 
the Molonglo Commercial Centre.

Excluded stakeholders

At this stage the following 
stakeholders were considered but 
excluded:

• Developers and real-estate/ 
leasing agents (to keep project 
details confidential)

• Tenants (given the early project 
stage)

Stakeholder Purpose

Understand community perceptions

Understand commercial interests

Understand best practice

Understand planning barriers and opportunities

Understand industry trends

Understand lessons learned

Understand infrastructure barriers and opportunities

Understand commercial kitchen context

Understand health, safety and wellbeing implications

Back to contents
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Engagement key 
points

Stakeholder Key points
Back to contents
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Engagement key 
points

Stakeholder Key points
Back to contents
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Engagement key 
points

Stakeholder Key points
Back to contents
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Engagement key 
points

Stakeholder Key points
Back to contents
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Retailers Supermarkets are generally 
supportive of all-electric
• There is an interest from major 

players in all-electric 
developments, with no pushback 
observed from supermarkets22.

• Coles has the ambition to be the 
most sustainable supermarket in 
Australia and a target to be 
powered by renewable electricity 
by 2025 and eventually net 
zero23. They are achieving this 
through power purchase 
agreements and solar on 
supermarkets over the coming 5 
years.

• Woolworths has a similar target 
to be powered by 100% green 
energy by 202524 and eventually 
net positive.

• Aldi is already using 100% 
renewable electricity through on-
site solar, power purchase 
agreements and purchase of 
renewable energy certificates25.

• Supabarn has no public 
commitments on their website.

• SPAR’s environmental initiatives 
do not include a renewable 
energy target26.

• IGA supports its independent 
grocers to implement 
sustainability initiatives though 
there are no specific targets or 
mandated actions27.

Other large retailers are also 
increasingly supportive of all-
electric but cost is a consideration 
• Bunnings has committed to 100% 

renewable electricity by 2025 and 
net zero (scope 1 and 2) 
emissions by 2030. Bunnings-
owned rooftop PV supplies 30% 
of its needs28.

• Large bakeries can be high gas 
users57, however electric ovens 
are also used. Bakers Delight has 
been working on their own highly 
efficient electric ovens58. 

• Some with specialist steam needs 
may be faced with high electricity 
costs to transition, and this will 
likely not be appealing. 

Overall, retailers are increasingly 
supporting sustainability
• The Australian Retailers 

Association is developing a 
sustainability strategy, which is 
likely to be modelled on the 
British Retail Consortium’s net 
zero by 2040 plan which is 
supported by major retailers 
including Aldi, KFC, Ikea, 
WHSmith, The Body Shop and 
more. This plan states stores and 
warehouses are to be net zero 
electricity by 203021.

• Larger retailers are more likely to 
have long-term strategies, while 
smaller retailers are focused on 
short-term actions and keeping 
their operating costs low22.

• In public statements, retailers 
often focus on renewable 
electricity targets so it can be 
unclear if they are reducing gas 
use as part of this.

• For example, a commercial 
laundry chose not to locate in 
Burwood Brickworks due to the 
gas-free requirement.

The split-incentive problem is a 
challenge for tenants
• Where landlords are responsible 

for failed equipment replacement 
and are not paying utility bills, 
they wish to install cheap like-
for-like and are not interested in 
more expensive systems 
delivering cheaper hot water.

Back to contents
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Gas in Canberra 
kitchens
Food and beverage retailers are a 
challenge, with no definitive 
recommendations and targets
• The Australian Restaurant and 

Catering Association does not have 
a public sustainability strategy or 
report.

• The USA’s National Restaurant 
Association’s completed a State of 
Restaurant Sustainability 2018 
report which does discuss energy, 
however it does not discuss the 
issue of gas vs induction cooktops 
and focuses on energy efficiency 
instead29.

• Globally, McDonald’s has made a 
commitment to reduce greenhouse 
gas emissions by 2030 (from 2015) 
by 36%, though has no specific 
renewable energy targets or 
initiatives30.

• KFC does not have specific targets 
but is looking at sustainability 
certifications for stores31.

Individual restaurants have mixed 
views
• There has been a mixed response 

from the restaurant and catering 
industry regarding the transition to 
gas-free cooktops32.

• A summary of discussion points in 
the public domain is provided below 
– note that some of these points 
conflict, for example people believe 
both gas and induction cooktops 
provide more control.

• Restaurant owners like to have the 
ability to choose. Particular styles of 
restaurant may choose not to be 
involved in a gas-free precinct.

• While electric woks are 
available, there are mixed 
preferences for these. 

• Ginninderry have encountered 
one food type – an Indian bread 
called Chapati – that cannot be 
cooked without gas.

The local catering education sector 
is preparing for a partial transition
• For commercial hospitality 

the transition has been underway 
for many years.

•  
 
 

• CIT highlighted that the rate 
of technology change is quite high 
and so this assumption may change 
in the coming 5 years.

Households without gas cooking are 
becoming more normal for the ACT
• Households tend to be less 

concerned about gas for cooking 
than commercial kitchens and this 
is becoming business-as-usual for 
new suburbs in Canberra. 

• In Ginninderry about five (of 800) 
residents in the first suburb have 
put gas bottles in for cooking (see 
Ginninderry case study for more). 

Cooktop Identified pros Identified cons

Gas Responsive heat, even heat 
distribution, required for some 
cooking methods, can use any pot or 
pan

Not energy efficient, releases traces of 
pollutants, safety issues, creates 
uncomfortable/hot cooking environment

Electric ceramic Easy to clean, can use any pot or pan Not considered an option for industrial / 
professional kitchens due to 
time requirements to adjust temperature

Induction Energy efficient, faster to cook, easy 
to clean, advanced control over 
speed and temperature, diverse 
design features (including wok)

Expensive to install, require specific pots and 
pans, not suitable for older or other buildings 
unable to meet high load requirements, not 
appropriate for people with pacemakers

Back to contents
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Canberra residents 
and gas
Most Canberrans have an appetite 
for no-gas suburbs
• Previous surveys from 

Ginninderry in Canberra 
indicated that about two-thirds of 
Canberrans would be willing to 
consider no-gas suburbs. 

• Whether a person currently used 
gas was a strong indicator for 
their preference, with 86% of 
non-gas users willing to consider 
no-gas suburbs compared to 59% 
of gas users33.
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Socio-
demographic 
characteristics

• Perspectives can vary based on 
home ownership status. 
Homeowners are willing to pay 
more for the convenience and 
safety of induction cooktop34

while renters are more likely to 
be concerned whether the 
decrease in energy use would 
cover the higher rent40.

Residents select appliances in the 
ACT based on a number of factors
• An ACT Government-funded 

study identified the factors that 
influence how households choose 
appliances for space heating, 
water heating and cooking. These 
included:

• Number of people in 
household

• Dwelling characteristics 
(size, age, control over 
appliance choice)

• Upfront costs
• Appliance use (e.g. whether 

they share the house, 
whether they work from 
home).

Socio-demographic characteristics 
influence sustainable technology 
decision making
• When considering investments in 

renewable energy technology like 
solar PV, most households would 
be interested in purchasing the 
solar upfront. However, 
households earning under 
$60,000 p.a. preferred leasing and 
agreements with energy service 
providers39.

• Older Australians might feel less 
certain whether their investment 
will pay off during their 
remaining time living in their 
homes and therefore may be less 
willing to invest40.

• There is a direct positive 
association between natural gas-
free policy support and social 
trust, education level and being 
female, while this support is 
negatively associated with 
homeownership. This study 
concluded that support for a high 
ambition level and steering role 
by the municipality in the heat 
transition is favoured among 
individuals with increased age, 
education level and financial 
capability.

• The same study also indicated 
that residents who are young, live 
in urban areas and have a low 
income and education level can 
take on less responsibility in the 
heat transition due to a lower 
financial and collaborative 
ability41.

• Ability to generate on-site 
solar energy.

• Household preferences for a 
particular fuel for an activity, 
particular appliance features, 
particular appliance 
brands42.
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1: Ginninderry, 
Canberra 
Ginninderry is a residential 
development in the north west of 
Canberra that will eventually 
include three ACT suburbs or 
‘neighbourhoods’, as well as an 
adjacent NSW township. 

The first neighbourhood has been 
completed and is all-electric for 
residents. The remaining stages 
will be constructed over the 
coming 30 years.  

Relevance

• ACT location provides 
Territory-specific context

• Insights into Canberra 
residential attitudes and 
interventions available

• Contains one of the few 
completed all-electric suburbs
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Ginninderry
The Ginninderry development 
has demonstrated that all-electric 
at the residential scale is feasible 
and desirable in the ACT.

The education, incentive and 
control mechanisms put in place 
have been enablers during 
implementation.

Location • ACT (eventually NSW as well)

Governance • Joint venture between ACT Government and Riverview Developments

Scale • Planned: 11,5000 dwellings over 30-40 years
• Completed: 800 dwellings

Uses • Four suburbs, four schools, market centre (major + minor supermarket, shops, 
community facilities, businesses) – approximately the size of Manuka and likely to be 
all-electric

• Recreation, sports and community facilities
• Traditional blocks, townhouses, terraces and apartments (300-400 dwelling sites per 

year)
• 596 hectares of conservation corridor

Energy Features 
and Systems

• Virtual power plants, microgrids and other community-scale innovations
• Home energy system (HES) – all-electric, solar PV, demand management system, 

energy efficient appliances and future-proofed for batteries and EV charging
• Heat pump hot water, reverse cycle air conditioner, induction cooktop

• All-electric suburbs
• Public electric vehicle charging
• Future possible hydrogen refuelling station
• Café uses induction cooktop, despite this not being mandatory

Non-technological 
interventions

• Education – cooking demonstration videos, live demonstration equipment, information 
packs online

• Incentives – front yard landscaping package ($5,000) tied to HES
• Controls – bond tied to HES
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Ginninderry’s
energy features
Ginninderry introduced a 
comprehensive Home Energy System
• Features of the HES include: 

Extensive solar generation, 
demand management by Reposit, 
Evergen and Solahart, electric 
vehicle charging, electric bike 
sharing, in-home centralised 
battery storage43.

• Ginninderry completed a study 
comparing the costs of a typical 
three-bedroom house and a house 
under their HES, shown on right. 
While upfront costs increased by 
approximately $5000, this was 
returned in savings within three 
years.

Ginninderry experiences challenges 
with the distribution network that are 
not anticipated to occur again
• Evoenergy installed gas mains 

which remain unused, however 
this is due to a regulatory issue 
which has now been addressed.

• Typically connection agreements 
in the ACT are $2,000 for 
households. Originally Evoenergy
proposed $9,000 based on the 
non-standard design solution 
(largely driven by solar PV 
uptake and need for tap changing 
sub-station). Once Ginninderry
agreed to complete a pilot with 
Evoenergy to test modelling and 
data management, this figure was 
reduced to $4,00044.
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Ginninderry  
lessons 

Non-technological interventions 
were required to support the 
transition
• Ginninderry introduced 

‘sustainable living requirements’ 
– see below right. A compliance 
bond was taken to encourage 
home energy system requirements 
to be met, then returned once 
performance verified. All houses 
are compliant, though only half 
have claimed back the bond to 
date.

• The compliance bond could then 
be used for a front yard 
landscaping package.

• A residential battery subsidy trial 
has been launched ($3,000 for 65 
batteries) – and a community 
scale battery trial is coming.

• Education has been key for 
Ginninderry. Cooking 
demonstrations were successful.

• The only food unable to be 
cooked without gas is thought to 
be chapati44.

Several benefits of the energy 
approach have been identified by 
Ginninderry, including:
• Reduction in ongoing energy 

costs for residents, reduce 
greenhouse gas emissions, reduce 
peak electricity demand on grid43.

• Three-year break even.
• (As it's a greenfield 

development) all-electric limits 
need for new gas infrastructure.

• Aligns with perception that mains 
gas ‘no longer a cheap, clean, 
green alternative’.

• Takes advantage of the 100% 
renewable grid.

• Good capacity and skill 
availability in Canberra for 
installations44.

“Education is key”

Residents had an overall positive 
experience
• For residents, there has been an 

overall positive experience with 
all-electric approach. 

• The only bad experience with 
electric cooktops has been when a 
ceramic electric cooktop was 
installed rather than an induction 
cooktop. 

• About five (of 800) residents 
have put gas bottles for cooking, 
which is still cheaper than using 
gas mains44.

• The development has partnered 
with Mr Wai, a Chinese chef who 
has observed the shift to 
induction cooktops in commercial 
kitchens in China. Benefits sited 
include better comfort (reduced 
heat in a hot kitchen), consistent 
heat and speed.
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2: Barangaroo 
South Retail, 
Sydney
Barangaroo is a nominated C40 
Cities Climate Positive project, 
delivering industry leading 
initiatives across carbon, water 
and waste. 

To deliver this, the project 
required a novel approach to 
governance and engagement with 
the retail sector.

Relevance
• Provides lessons in engaging and 

incentivising retailers and tenants, 
including smaller businesses.

• Leverages the scale of a precinct 
development in providing 
shared resources and infrastructure.

• Demonstrates opportunities through 
joint venture delivery between 
government and private industry and 
developers.

© Barangaroo Delivery Authority, Courtesy of Lend Lease
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Barangaroo 
Early consultation, upskilling and 
ongoing support through an 'eco-
concierge' were important for 
supporting tenants to implement 
the sustainability requirements in 
the Barangaroo South 
development.

Smaller retailers in particular 
found the process and decision 
making onerous, and experienced 
increased upfront costs 
associated with applied building 
margins and administrative 
process to meet these 
requirements being new to the 
industry.

Whilst for some retailers, the 
sustainability requirements 
conflicted with practices central 
to their core identity and business 
(choice of equipment), many of 
the retailers welcomed the 
innovation in sustainability and 
the benefits of attaining 
operational energy cost savings 
and Green Star certification as an 
outcome of being in the precinct.

Location • Sydney, Australia

Governance • Overseen by Infrastructure NSW (Barangaroo Delivery Authority)
• Barangaroo is one of only 19 projects around the world participating in the C40 Cities 

Climate Positive Development Program
• Development agreements ensure the entire precinct remains in public ownership, with 

the buildings and infrastructure on 99-year leaseholds.

Scale • Over 80 retailers in Barangaroo South
• 22 Ha site (6 Ha Barangaroo South)

Uses • Commercial office
• Retail and entertainment, including restaurants and food-court kiosks
• Residential
• Variety of open public spaces and a cultural centre 'Cutaway' at Barangaroo Reserve

Energy Features 
and Systems

• On-site solar PV
• District Cooling Plant
• Contributions by tenants to off-site renewable energy and carbon offsets

Non-technological 
interventions

• ‘Eco-concierge’ for education and upskilling tenants
• Baselining carbon – BAU against optimised version to set retailer specific carbon target
• Carbon targets linked with cost / rent if they are not met during operation (offset)
• Briefing shop fitters regarding sustainability commitments
• Sustainability ‘defects’ inspection to certify equipment installed
• Measuring /validating outputs when operational
• Green Star Interiors (Volume Certification) for retail
• Green Star and other sustainability rating tools across the wider development
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Barangaroo 
energy features

The precinct has comprehensive 
Governance arrangements
• Through development agreements, the 

precinct is and will remain in public 
ownership, with the buildings and 
infrastructure on 99-year leases.

• Sustainability requirements are cascaded 
down from the NSW Government to 
sub-tenants through an ‘Estate Levy’ in 
every lease and other governance 
arrangements. These are passed on from 
the NSW Government through to 
development partners, building owners, 
tenants and sub-tenants.

• All buildings at Barangaroo contribute 
to carbon neutrality through annual 
greenhouse gas reporting by LendLease 
and financial contribution towards off-
site renewable energy and carbon 
offsets. Each building has contracted 
annual targets for operational 
greenhouse gas emissions.

• International Towers Sydney, the three 
commercial towers at Barangaroo, have 
achieved 6-star Design and As-Built 
ratings from Green Star. The project has 
also achieved 6-start Green Star 
Communities rating.

The energy strategy was supported 
by several other sustainability goals
• Reducing construction waste 

going into landfill by 97%, by 
sorting and separating waste and 
recycling or reusing

• Planting 100% native plants in 
Barangaroo Reserve

• Using recycled water for flushing 
toilets through to irrigation and 
fire sprinklers

• Encouraging retailers and 
suppliers to avoid packaging, 
reduce waste and offer healthy 
food choices from locally and 
sustainably produced food.

• Stringent retail requirements for 
compostable packaging.

• Providing and promoting access 
to and facilities for walking, 
cycling and passive and active 
recreation through design for 
active living and healthy 
lifestyles.

Barangaroo has several precinct-
level energy and water initiatives
• Barangaroo claims to be 

Australia’s first large-scale 
carbon neutral precinct.

• It includes centralised 
infrastructure such as Sydney 
Harbour water cooling, embedded 
electricity networks, recycled 
water treatment plants and on-site 
renewable energy generation 
(6,000m2 of solar panels)45.

• The district cooling plant uses 
Sydney Harbour water for heat 
rejection.

• An ‘eco-concierge’ was 
introduced to support tenants 
understand and implement their 
sustainability obligations (see 
next page).
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Barangaroo 
lessons

Upskilling and guidance was required 
for tenants
• Upskilling and awareness building 

was key for design and for 
operation. There was ‘eco 
concierge’ who drove this. They 
were engaged during the 
construction phase, and continue 
into operation of the precinct 
working with the retail and 
commercial tenants on their 
obligations.

• A ‘sustainable retail design 
guideline’ was developed and was 
foundational to make clear all 
obligations, targets, and dos/don’ts 
for the retailers. This was provided 
to both the tenant as well as to their 
shopfitters and design team so 
that design decisions could be made 
early.

Sustainability certification created 
additional work
• Volume Certification (Green Star 

Interiors) became onerous on 
retailers and the team needed to 
evolve the tool to be responsive to 
retail projects. Documentation and 
process needed to be streamlined as 
the cost and time associated with 
this become challenging and 
disincentivised Green Star for 
retailers on comparable precincts at 
the time.

• If Green Star is pursued, managing 
the expectations of retailers on 
ratings is important – it is great for 
marketing however there are trade-
offs.

A cost burden was observed
• Higher construction costs were 

experienced by tenants due to a cost 
mark-up applied by shopfitters to 
meet sustainability requirements. It 
was unfamiliar territory to many 
which increased costs (due to 
perceived risk), and there was an 
increase in associated paperwork 
needed which created additional 
cost.

• Smaller retailers and family run 
businesses are at risk of feeling 
overwhelmed. Consultation both 
during design and operation, as 
early as possible, was key to 
address this.

• Lendlease held a bond for tenants 
that was not released until they 
were satisfied with the delivery of 
sustainability obligations. This was 
often a point of contention between 
tenants and Lend Lease.

• The lease agreements also had a % 
of earnings 'give back' included in 
the rent. This is not uncommon in 
these developments where this % in 
addition to base rent is for the 
perceived benefit of footfall 
from being located within an 
attractive development.

Consultation was critical
• Equipment is very specific to 

retailers especially for cafes and 
restaurants. The team found their 
ability to influence and change 
types of equipment to be 
challenging as there is a clear link 
between preference of equipment 
and their core business output. 
Consultation is key to understand 
this elasticity to influence.

• Consultation needs to happen at the 
start with development team so 
that sustainability targets and 
obligations associated with the 
precinct are clearly communicated 
to prospective tenants and business 
owners. On this project, this was 
with the retail leasing team during 
the preliminary discussions with 
tenants so they understand their 
obligations. It cannot happen later.
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3: 480 NBA, 
Canberra
480 Northbourne Avenue is the 
ACT’s first ‘zero emissions’ 
office building.

Relevance

• ACT location provides 
Territory-specific context

• Insights into Canberra-
appropriate technologies

• One of the limited completed 
all-electric office 
developments in Australia

© Doma Group
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480 NBA 
This development was the first 
all-electric office building in the 
ACT.

It has demonstrated that all-
electric, while more expensive to 
construct, is more affordable over 
the whole of life of a building 
due to reduced operational costs.

This work highlighted the 
technical challenges of the 
Canberra climate which can limit 
the performance of air source 
heat pumps.

Location • Canberra

Governance • Developed by Doma Group, managed by Colliers, engineered by Rudds, built by Bloc

Scale • 13,200 sqm

Uses • Office
• Café

Energy Features 
and Systems

• All-electric heating, cooling and ventilation
• Both water-cooled and air-cooled heat pump chillers (providing both chilled water hot 

water)
• Optimised chiller arrangements to handle variability in Canberra climate
• Radiant slab heating at ground level
• Solar PV on the rooftop
• 5 star NABERS Energy rating and 5 star Design and As built Greenstar

Non-technological 
interventions

• Guarantees lease by the ACT Government as anchor tenant for 20 years
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480 NBA energy 
features and 
lessons

• The building’s all electric 
HVAC system has been shortlisted 
for the Property Council of 
Australia national award 
for innovation.

Lifecycle costs for all-electric 
are lower
• Design costs are the typically 

the same irrespective of whether 
a gas solution is adopted or an all-
electric solution is adopted.

• Construction costs with the all-
electric solution are higher than 
a gas solution which 
is mainly driven by the price of 
the space heating plant and 
additional electric infrastructure.

• However, in terms of life 
cycle costs, the all-
electric solution works out to be 
cheaper over the life of the plant 
when you factor in maintenance 
and operating costs.

• This is due to the higher efficiency 
of space heating and hot water 
plant.

• The use of solar PV on the roof also 
supported this reduction in lifecycle 
costs.

The Canberra climate does impact the 
performance of air source heat pumps
• The cold climate in Canberra 

was the biggest barrier for the 
480 NBA team.

• Air source heat pumps de-rate 
in heating capacity and drop off 
in efficiency during cold 
ambient conditions (typically below 
4℃). As such this needed to 
be taken into consideration 
when selecting the size of the 
heat pump plant and size of the 
coils in the air handling units.

• The 480 NBA heating coils were 
sized to handle 50˚C supply water 
temperature, as this is what the 
equipment can deliver at -5˚C 
ambient temperature. Heat pumps 
are typically sized to -2.5˚C 
ambient temperature in Canberra, 
and the selection of equipment 
operable at -5˚C ambient 
temperature provides system 
resilience. The final heating coil 
selections have approximately 15-
20% additional capacity in relation 
to design figures, and the heat 
pump capacity increased by 
approximately 25%.

The building utilises air source heat 
pumps and induction cooktops
• For space heating, air source heat 

pumps were selected for their 
energy efficiency and ability to 
utilise solar PV on the roof.

• The café utilises an induction 
cooktop, which was paid for by the 
operator as part of the fit-out.

• This building has achieved 
its milestones of achieving 5 
star NABERS (Design) and 
Greenstar accreditation.

Responses to the all-electric approach
varied with initial resistance and now 
awards
• There was initially some resistance 

from the building owner and 
builder as this is a relatively new 
approach to office accommodation 
in south eastern Australia and the 
first in Canberra.

• The heat pumps will periodically 
operate in defrost mode. This 
involves operation in reverse cycle, 
with only one refrigeration circuit 
able to operate in defrost mode at 
any time. Defrost mode avoids the 
coils freezing, and was important to 
factor in when determining the 
plant configuration to avoid a drop 
off in heating in the building.

• To cater for defrost mode 
requirements, the chiller size 
increased, adding approximately 
1m to the heat pump length for each 
heat pump. Note that this metric is 
dependent on equipment selection 
and is indicative only.
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• Demonstrates that all electric 
solutions are achievable in a 
climate cooler than the ACT 
and at a multi-building scale

• Provides lessons in cost 
sensitive all electric solutions

4: Ebury Bridge 
Estate, London
Ebury Bridge Estate is a 
sustainable housing development 
located in London. The 
development consists of 781 new 
homes which will be powered by 
all-electric systems in typical 
operation. Homes are designed to 
be affordable, with a portion 
allocated to social housing. The 
development includes 
community spaces including 
cafés, retail space, a community 
hall and a fitness centre.

Relevance
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Ebury Bridge 
Estate
This project is currently in 
development and involves the 
demolition of the existing Ebury 
Bridge Estate.

The design so far highlights that 
sustainable, gas-free 
development can result in 
affordable dwellings. The design 
achieves this via operationally 
efficient systems, passive design 
and good envelope performance.

The London climate is cooler 
than the Canberra climate, 
demonstrating that technical 
challenges associated with cold 
temperatures can be overcome 
and all electric design is 
achievable in cool climates.

Location • Westminster, London, UK

Governance • Developed by Westminster City Council

Scale • Planned: 781 dwellings across 9 blocks
• ~18,500 sqm site area

Uses • Residential dwellings, with approximately 50% of dwellings for social and intermediate rent
• Local facilities for the community such as a community garden, local cafés, community hall, local 

shops, nursery and fitness centre
• Five large public outdoor spaces

Energy Features 
and Systems

• Ground source heat pumps
• The development is largely car free, however, electric vehicle (EV) charging is to be provided for 

50% of car spaces (37 spaces) with infrastructure allowing for a further 37 to also be provided for. 
Load management will be installed.

• On-site solar PV
• Two centralised energy centres serve the 9 blocks. Each centre generates low temperature hot 

water for heating and chilled water for cooling using the following technologies:
• Open loop ground source heat pump
• Air source and water source heat pumps
• Gas fired boilers for resilience only. They will not run during normal operation and 

dwellings and tenancies do not have access to a gas supply.

Non-technological 
interventions

• Extensive and ongoing community consultation with existing and future residents
• Various community commitments, including commitments to affordability, social value and 

economy.
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Ebury Bridge 
Estate energy 
features

Sustainability and energy efficiency 
are at the core of the development
• The development is a low car 

scheme, where 50% of car parks 
are dedicated to electric vehicle 
charging and 2,000 cycle spots 
have been provided for residents.

• Solar PV is proposed to further 
reduce emissions.

• Smart meters are recommended to 
allow visualisation of the precinct 
energy performance.

The buildings use centralised energy 
centres to improve operational 
efficiency
• The development features two 

centralised energy centres. The 
centralised approach provides the 
following benefits:

• A reduction in total plant 
space required.

• A single energy centre 
centralises the plant and thus 
simplifies the maintenance 
requirements.

• Refrigerant based equipment 
is centralised, rather than 
spread between buildings or 
even individual homes, so 
that there are fewer possible 
sources of leaks, and fewer 
requirements for leak 
detection and management.

• Benefits from larger 
diversities in loads, made 
possible by the larger 
distribution.

• A reduction in the quantity of 
resilient plant required, by 
providing resilience to the 
centralised systems.

Passive design principles support 
operational energy efficiency
• Carbon has been reduced by 90%. 

The building massing and building 
envelope have been designed to 
reduce heating and cooling loads, 
passively improving energy 
efficiency of the development.

• Mechanical ventilation has been 
installed with heat recovery to 
improve efficiency, allowing waste 
heat from cooling to be used to 
heat domestic hot water. The air 
conditioning systems are 
controlled in each apartment via 
heating interface units.

• Ground source heat pumps have 
been proposed as a potential 
solution to reduce operational 
emissions.

Existing gas mains have been 
retained for resilience and back-up 
purposes
• Although no gas is provided to 

retail or residential tenants, the 
existing gas mains will serve base 
building boilers which are 
provided for resilience only. 
These boilers will not run in 
typical daily operation.
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Ebury Bridge 
Estate lessons

Affordable gas-free development is 
achievable
• Heating bills are expected to be 

approximately 25% of those of 
the existing development. This is 
achieved via the consideration of 
how building massing impacts 
heat and cooling loads of the 
buildings, in addition to careful 
façade design. The façade design 
balances thermal requirements via 
high performance glazing and 
appropriate window to wall ratios 
with daylighting and acoustic 
requirements. Designing 
passively is key to achieving 
affordable design outcomes.

• The proposed smart metering 
system allows tracking of energy 
consumption and serves to 
educate residents to alter their 
behaviour.

• By centralising services, the 
maintenance fee can be shared 
amongst residents and retail 
tenants, reducing ongoing cost 
burden.

• Ongoing, scheduled maintenance 
ensures that the systems maintain 
functionality over time.

Community consultation and 
commitment is a core part of the 
development process
• The development is committed to 

supporting the community by 
engaging them throughout the 
development process, with a 
number of public community 
commitments. This process 
ensures that community needs are 
central to the design, and 
affordability, amongst other 
factors, are prioritised. It also 
holds the design team 
accountable.

• The project is designed to achieve 
a Building Research 
Establishment Environmental 
Assessment Method (BREEAM) 
Communities rating which 
requires projects to consider the 
ongoing economic impact of the 
development. Commitment to 
such ratings can ensure that the 
cost to tenants post practical 
completion is considered.
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Barriers to gas-
free
Barriers to the implementation of 
network gas-free alternatives 
have been identified for the 
Centre, covering both actual and 
perceived barriers.

It is important to note that 
different barriers may exist for 
different developments – for 
example, the barriers around 
retrofitting existing buildings or 
sites with gas appliances or 
technologies do not apply to the 
Centre.

Barriers have been 
mapped against stakeholders and 
energy uses on the following 
pages.

Observations are summarised 
on the right.

The social barriers outnumber the 
technical and financial
• There are a significant number of 

socio-cultural and behavioural 
barriers that have been identified.

• These tend to be common across 
stakeholders and technologies, 
though most were noted for 
cooking.

• People make decisions based on 
what they know and are familiar 
with.

The financial barriers are driven 
largely by upfront costs
• All-electric equipment often has 

greater capital costs associated 
with it.

• While solar PV and battery 
investments can improve the 
financial case for all-electric, 
these too require early investment 
which are not always feasible for 
all.

• This challenge is exacerbated by 
the 'split incentive problem' 
whereby landlords are not 
incentivised to select equipment 
that reduces ongoing costs and 
emissions.

For technical barriers, stakeholders 
focused more on energy reliability 
and peak load changes rather than 
individual appliances
• Reliability and resilience of 

supply was a concern, especially 
for businesses who need to 
maintain business continuity.

• The increases in peak load with 
all tenants using only electricity 
and no gas network will impact 
the timing of sub-station upgrades 
and the costs of electricity within 
the precinct.

• For air source heat pumps, the 
low temperatures in Canberra do 
limit performance.
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Barriers
Perceived by Relating to
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Financial Ability of renters / low income 
households or small businesses to 
invest upfront 

(Renters / 
low 
income)

(Small)

Uncertainty over realisation of 
return on investment due to age or 
agreed tenancy period

(Elderly)

Short-term increases in electricity 
prices (12% this financial year) –
note these are likely not to 
continue rising relative to gas

Perceived risk working with Evo 
and uncertainty over charges that 
will be applied

The ‘split incentive’ problem –
landlords motivated by capex not 
opex savings

Electric induction cooking 
appliances currently have higher 
upfront and ongoing costs

Technical Cool Canberra temperatures 
limiting air source heat pump 
performance

Evoenergy’s connection 
agreements with the AER are 5-
year terms, which limits their 
short-term flexibility
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Barriers
Perceived by Relating to
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Technical 
cont.

Increase in peak load, especially 
winter

Perceived reduction in reliability of 
energy supply

Socio-
cultural and 
behavioural

Preference for gas cooktops (by 
some)

Desire to have ability/freedom to 
choose cooktop type

Close relationship between 
cooktop equipment preference 
and core business output

Personal norms - lack of personal 
experience with all-electric 
buildings and technologies

Social norms – majority of 
experience is not with all-electric 
buildings and technologies

Lack of credible information 
available / on hand

Back to contents

58



Suburban Land Agency

Barriers
Perceived by Relating to

Grouping Barrier
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Socio-
cultural and 
behavioural 
cont.

Lack of knowledge on all-electric 
technologies

Uncertainty around future of green 
gas in the ACT grid and therefore 
uncertainty around appropriate 
degree of ‘gas-free’

Broader socio-cultural and 
psychological barriers to action on 
climate change and sustainability

Perception that all-electric is not a 
cost effective approach or an 
attractive opportunity

(Some)
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Technology 
assessment
For each networked gas use, 
alternative technologies have 
been identified and assessed.

This assessment is attached as 
Appendix 1.

This assessment is based on several 
key assumptions

This assessment assumes that 
each building operates 
independently, rather than via shared 
or district services. 

It is also independent of factors such 
as building massing and envelope 
performance, which impact heating 
demand and the performance of 
some systems.

Assumptions have also been 
made regarding the size of the 
various building typologies. For 
example, buildings ranging from 
townhouses to mid-rise apartment 
complexes have been considered 
under the residential category.

A summary of assumptions is 
provided on page 64-65.

Given that the precinct is in the early 
stages of planning and that many 
parameters go into the sizing and 
selection of technology systems, 
the assessment of 
technologies provides a relative 
comparison only. 

The results have also been used to 
estimate the increase in peak 
electrical demand in the Centre.

Snapshot of the technology assessment (Appendix 1)

For the purposes of this assessment, 
the following definitions have been 
used:

Building Typology

Residential, education, supermarket, 
retail (restaurant), health.

Gas Application

Business as usual gas uses.

Alternative Technology

A technology not reliant on the gas 
network that provides equivalent 
outcomes to BAU gas technologies.

These definitions inform the 
multicriteria assessment.
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Assessment 
criteria
Each alternative technology has 
been assessed against the criteria to 
the right, which were developed in 
consideration of SLA objectives 
and the ACT Wellbeing 
Framework.

They have been mapped back to 
these objectives as part of the 
assessment.

A description of the criteria is 
provided on page 63.

Assessment Criteria

SLA Objectives

Capital cost

Affordable living

Operational cost

Spatial requirements

Acoustic implications

Visual amenity

Maintenance

Requirement for
behaviour change

Indoor air quality

Fire

Operational carbon emissions

A safe and healthy population

Social inclusion

Housing choice

Environmental sustainability

Other opportunities, challenges, risks

ACT Wellbeing Framework

Health

Safety

Living standards

Housing and home

Environment and climate

Social connection

Education and life-long learning

Time

Identity and belonging

Governance and institutions

Access and connectivity

Economy
ACT Wellbeing Framework
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Assessment 
criteria

Design – Spatial considerations
The spatial impacts of the 
technology, for example plant space 
and associated services e.g. 
ductwork.

User Experience, Wellbeing & Safety 
– Acoustic
Impacts on acoustic comfort. For 
example, fan noise.

User Experience, Wellbeing & Safety 
– Visual
Impacts on visual amenity, such as 
extensive plant space.

User Experience, Wellbeing & Safety 
– Maintenance
Predicted ongoing maintenance 
requirements.

User Experience, Wellbeing & Safety 
– Behavioural change
Actual, not perceived, behaviour 
change required by end users.

User Experience, Wellbeing & Safety 
– Indoor Air Quality
Impacts on airborne particulates.

User Experience, Wellbeing & Safety 
– Fire
Impacts on fire safety or 
requirements.

Environment - Operational carbon 
emissions saved (kgCO2eq/yr)
Estimated carbon emissions during 
standard operation. Due to the 
decarbonisation of the ACT 
electricity grid, the emissions saved 
are based on the emissions of the gas 
technologies.

System Efficiency
A measure of energy consumption. 
This varies between technologies. 
For example, induction cooktops 
transfer approximately 90% of the 
plate energy directly to the pan, 
whereas a larger proportion of heat 
from gas cooktop flames is 
transferred to the surrounding air.

Cost – Capital
The upfront cost of the technology, 
including purchase and installation. 
Gas and electricity connection fees 
have been excluded from this 
technology assessment.

Cost – Operational
The ongoing cost of the technology, 
including energy consumption and 
maintenance costs. Arup have 
assumed:
Electricity cost = $0.20 /kWh
Gas cost = $0.04 / MJ

Environment – Other Operational 
Considerations
Additional environmental 
considerations during operation, such 
as the impact of refrigerant use.

Other – Opportunities, challenges 
and risks
Summary of other opportunities, 
challenges and risks. These are 
sourced from stakeholder 
consultations, research and Arup 
project experience.

The assessment criteria are defined as follows:
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Modelling assumptions
The following assumptions have been used in the development of the energy calculations and the corresponding cost estimates. The advice provided is indicative in 
nature and is sensitive to changes in user behaviour, developments in technology and improvements construction standards.

• It can also be multiplied by the local grid 
carbon factor and building area to estimate 
the kgCO2eq/yr operational emissions.

Heating
• Residential heating estimated using the 

BASIX framework61.

• Education heating estimated using the COAG 

National Strategy on Energy Efficiency 

report. Baseline Energy Consumption and 

Greenhouse Gas Emissions in Commercial 

Buildings in Australia Part 1- Report 

November 2012.

• Supermarket and F&B approximated using 

analysis from fisherman’s bend. Fisherman’s 

Bend Net Zero Emissions Strategy Baseline 

Assessment 14 February 2018.

• Health and consulting room data taken from 

AIRAH essentials. AIRAH Technical 

Handbook Edition 4.

Domestic Hot Water
• Residential calculated using BASIX data with 

an approximate hot water fraction of 40%.

• All other typologies calculated using Green 

Star estimations.

Systems Efficiency Estimates
• Coefficients of Performance (CoP) have been 

selected based on manufacturer information at 

conditions similar to the expected operating 

conditions in Canberra and are shown in the 

matrix.

• Polyvalent heat pumps are assumed to be 

working with minimal simultaneous heating, 

cooling and domestic hot water provision due to 

building. typology (medium density apartment 

buildings).

• Domestic hot water is assumed to be circulated 

at >60oC to mitigate risk of bacteria/legionella. 

The higher temperature gradient reduces heat 

pump efficiency relative to space heating.

• CoPs provided represent the technology’s 

average seasonal efficiencies.

Space Heating - Electric Appliance Seasonal CoP

Electric panel heater 1.00
Electric hot water boiler 0.85

Reverse cycle/air-source heat pump 3.00
Reverse cycle + air to air heat recovery 3.50

Polyvalent heat pump 3.30

DHW - Electric Appliance Seasonal CoP

Air source heat pump 2.50
Electric instant 0.90
Electric storage 0.85

Polyvalent heat pump 3.30

Consumption Energy Use Intensities
• Energy use intensities (EUIs) describe how 

much energy is being consumed per square 
metre per year. These figures are estimates 
and are not explicitly stated in the matrix in 
Appendix A, however they inform 
operational expenses and estimated 
kgCO2eq/yr emissions for each technology 
application. For example:

EUI = 2kWh/sqm/yr
Technology CoP = 0.75
Technology consumption = EUI ÷ CoP

= 2 kWh/sqm/yr ÷ 0.75
= 2.67 kWh/sqm/yr

• EUIs have been determined per building 
typology and application. For example, the 
EUI for residential heating differs to 
supermarket heating and to retail DHW.

• They have been determined for both gas and 
electric applications.

• The technology consumption figure can be 
multiplied by the floor area and cost of 
electricity to calculate the operational 
expenses.
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Modelling assumptions cont.

• Uses land-use map provided by Suburban 

Land Agency to estimate the relative areas of 

each building typology. Land use ratios taken 

from Territory Plan NI2008-27.

• Total annual gas consumption is estimated by 

using by estimating total distribution of 

different building typologies using energy use 

intensities (EUIs), land use ratios, and land-

use map.

• An annual hours of operation estimate is 

developed for each typology and gas use case 

(DHW, heating, pool heating, cooking). This 

is used to calculate an hourly “peak” for each 

use case by dividing annual consumption by 

annual hours of operation.

• Gas use peaks are summed to calculate peak 

demand. No diversity is applied. Appliance 

efficiency, which influences peak 

consumption, is not taken into account (i.e. 

residential space heating CoP of 0.8 for gas 

appliances and 3.0 for heat pumps).

Consideration of solar heating
• Solar heating is often used for domestic hot 

water systems and pool heating. Although 

this technology is common, it has not been 

considered as part of the current assessment 

as it acts as a supplementary technology 

rather than a stand alone technology.

• Since solar loads are not consistent, solar 

domestic hot water systems need a booster 

system to operate effectively. The booster 

system is generally one of the domestic hot 

water technology options included in this 

assessment.

• Solar pool heating is often installed in 

residential settings. However, without 

adequate solar load, it does not perform the 

same function as the gas heaters or electric 

heat pumps that have been assessed. 

Consumption Energy Use Intensities cont.
Cooking

• Hours of operation calculated using the DIS 

residential energy baseline study.

• Gas consumption based on manufacturer 

information62. 

• Commercial cooking estimate based on a 

bottom-up calculation with an approximate 

annual operation of 1500hrs.

Pool Heating

• Calculated using a bottom-up approach

• 28oC water temperature.

• Pools are assumed to be outdoor pools.

• Assumes 10% of Canberra homes have 

pools63.

Peak demand estimates
• Based on a bottom-up approach (i.e. 

assumptions about technologies and buildings 

are used to build a precinct peak demand 

estimate).

• Highly sensitive to assumptions – to be 

replaced by a top-down methodology if/when 

data is available from Evoenergy. 

The following assumptions have been used in the development of the energy calculations and the corresponding cost estimates. The advice provided is indicative in 
nature and is sensitive to changes in user behaviour, developments in technology and improvements construction standards.
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Technology 
assessment 
observations
Change in capital and operational 
cost vary depending on the scale of 
the development
• Capital cost uplift for electric 

technologies vary between 
technologies. Some electric 
options, such as electric Bunsen 
burners, are significantly more 
expensive to purchase and are 
more expensive to run due to the 
cost of electricity. 

• Air source heat pumps for DHW 
are a consistently poor choice 
when considering cost only.

• Reverse cycle systems, with or 
without heat recovery, are more 
expensive to purchase but provide 
cost benefits during operation due 
to their efficiency.

Behaviour change is largely non-
existent
• Behaviour change is minimal to 

none for most technologies.

• Cooking requires a change in 
cookware as well as cooking 
practices. This seems to be more 
significant in commercial kitchens 
where chefs are typically trained to 
use gas cookware. It also impacts the 
visual theatrics of commercial 
cooking, which often relies on open 
flame.

Indoor air quality improves with a shift 
to electric technologies
• Almost all technologies and 

applications result in improved indoor 
air quality. The exception is Bunsen 
burners using bottled LPG.

Flexibility in design is key, as user 
experience varies between applications 
and stakeholder
• Electric cooktops and electric panel 

heaters, for example, pose a safety 
risk in educational or domestic 
locations with small children due to 
the hot surfaces despite the risk 
associated with gas technologies’ 
open flames being mitigated. This 
risk may not be considered important 
in domestic settings without small 
children.

• Flexibility in design options allows 
stakeholders to make decisions 
based on personal requirements.

Fire risk generally reduces, although 
refrigerants introduce additional fire 
considerations
• Fire risk is expected to be reduced 

for all technologies other than those 
relying on refrigerants. Low 
flammability and low global 
warming potential refrigerants 
should be selected to minimise risk. 
Robust maintenance procedures and 
leak detection systems will also 
reduce risk.

Operational carbon emissions improve, 
and focus should be placed on 
refrigerant impacts
• The decarbonisation of the ACT 

electricity network reduces 
operational carbon when there is a 
shift from gas BAU design.

• Refrigerants often have negative 
environmental impacts. The shift to 
electric technologies increases the 
use of refrigerants, and care should 
be taken to select Class A 
refrigerants where possible.

Technologies are impacted by the 
environment they operate in
• The cool Canberra climate is 

known to reduce the efficiency of 
air source heat pumps, which can 
be used for DHW and space 
heating. This results in a seasonal 
variation in efficiency and a 
preference to locate heat pumps 
in relatively warm locations.

• Air to air heat recovery systems 
can reduce heating requirements 
by reusing waste heat. However, 
systems rely on well sealed 
buildings to operate effectively. 
This may be a challenge for some 
building types.
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Technology 
assessment 
observations

• Precinct and building level energy 
modelling can help the development 
team understand the magnitude and 
significance of peak loads.

As expected, the shift to electric results 
in an increase in the peak electricity 
demand of the Centre
•  

 
 

 

• Note that this is an estimate based on 
a number of assumptions and not 
based on engineering design or 
modelling. The calculation 
assumptions are summarised on page 
65.

• This will likely involve a capacity 
increase of the high voltage (HV) 
authority ring mains, HV step down 
transformers, HV reticulation, 
substations, and LV reticulation.

• The actual cost of these upgrades will 
vary depending on the final layout of 
cabling, arrangement of substations, 
and other associated design factors. 

High temperature specialist 
equipment is challenging to replace 
with electric technologies
• Health practices such as general 

practices and pathology centres 
can have specialist equipment 
such as sterilisation equipment 
and high temperature laundry 
facilities. This equipment 
typically relies on high 
temperature steam generation, 
which is easier to generate using 
gas based technologies than 
electric technologies. 

• Although electric technologies 
exist, their electric load is high 
and can dominate building loads. 
Buildings should be designed in 
consideration of this potential 
high load. 

• If multiple pieces of high 
temperature, steam generating 
equipment is required, on-site gas 
storage could be considered as an 
exception to the gas-free suburb 
design. 
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The shift to electric impacts building 
connection costs
• The building connection 

infrastructure will be impacted by the 
proposed technology changes 
including an increase in electrical 
connection costs and deletion of gas 
connection costs.

• The costs are summarised below. The 
values are based on numerous 
assumptions around load increase, 
mains lengths, metering 
arrangements, etc. All building 
connection costs should be calculated 
on a case by case basis once design 
details have been finalised.
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Additional 
information:
refrigerants

High GWP Refrigerant Phase Downs 

• On the issue of global warming, 
potential natural refrigerants such 
as CO2 offer safe and established 
technology at comparable 
efficiencies to systems operating 
on synthetic and high GWP 
refrigerants such as R134A. 

• Class 1A refrigerants are non-
flammable and non-toxic. 

• Imports of HFCs over next 10 
years will be scaled down 
significantly (see below). This will 
have the effect of increasing their 
price and ongoing operation costs 
of the equipment which rely on 
them. Coupled with a high GWP, 
heat pumps that utilise natural or 
low GWP refrigerants are highly 
recommended.

Emissions from refrigerants should be 
considered
• Electrically powered heat pumps 

can achieve net zero carbon 
through their electrical 
consumption. However heat pumps 
use refrigerants to transfer heat -
gases which commonly have 
extremely high global warming 
potential (GWP). 

• Therefore careful consideration of 
the model of heat pump should be 
made ensure they utilise low GWP 
alternatives increasingly available.

• When selecting a refrigerant, 
factors to consider include:

• Global warming potential
• Flammability
• Toxicity
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Additional 
information: health 
and safety

• If gas heater is poorly installed or in a 
room without ventilation, excessive 
CO levels may occur.

• There are documented health risks 
associated with gas cooktops in the 
home. A meta-analysis provided 
quantitative evidence that for 
children, gas cooking increases risk 
of asthma and indoor nitrogen 
dioxide increases the risk of current 
wheeze49.

• A 2018 study by University of 
Queensland found that around 12 per 
cent of childhood asthma around the 
country can be contributed to gas 
cooking50.

• Further impacts on children are 
shown in the figure below48.

• CO is also released by gas 
appliances. Depending on level of 
exposure, health effects range from 
chest pain, headache and fatigue to 
unconsciousness and death48.

• The ACT Government have noted 
recent studies about health impacts 
of gas in the homes, and that these 
are in relation to un-flued 
arrangements51.

There are health risks associated with 
un-flued or poorly ventilated areas
• Given Australians spend ~90% of 

their time indoors, which makes 
the protection of indoor air quality 
important47.

• If gas heaters are un-flued (i.e. do 
not have a chimney or flue venting 
pollutants outside), air pollutants 
can be released inside, including:

• Carbon monoxide (CO)
• Nitrogen dioxide (NO2)48

• Volatile organic compounds 
(VOCs)

• Air toxics (e.g. 
formaldehyde)47.

• CO and NO2 are difficult to detect 
– both are invisible and tasteless, 
however NO2 has a strong odour.

• Vulnerable people with respiratory 
and cardiovascular illness, 
pregnant women, children and the 
elderly are most at risk from 
adverse health effects.

• Some technologies are emerging 
that disable gas supply if 
rangehood is not on51.

LPG cylinders are likely to be used 
within the Centre
• The precinct may lead to 

increased use of LPG cylinders 
for BBQs or cooking. For 
commercial kitchens, ‘swap and 
go’ arrangements may require 
access for delivery trucks to the 
site.

• Access Canberra do see a high 
number of incidents with LPG 
cylinders and gas barbeques (5-6 
per week). These tend to be due 
to residents and incorrect use.

• In-situ cylinders would need 
alternative arrangements with 
greater safety controls (under 
AS1596 Storage and Handling of 
LPG Cylinders) however, this 
sort of arrangement would not be 
aligned with the precinct’s 
approach to provide 
‘transitionary’ arrangements for 
gas only51.

Health impacts of NO2 in children3
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Our scenarios
We have developed four scenarios that outline 
possible directions for the precinct. These scenarios 
have been developed with the following 
considerations in mind:

• What possible precinct-level arrangements or 
requirements might influence the energy 
infrastructure required for the precinct?

• Where might we be able to reduce or delay 
network upgrades required by Evoenergy or 
collaborate with them for mutual benefit?

• How might we reduce the peak energy demand 
for the precinct?

These scenarios provide the opportunity for a 
‘thought experiment’ to inform future directions, but 
are not based upon engineering design or 
modelling work. 

NOTE: The scenarios have not considered the 
potential for building thermal efficiencies or cool 
start taps which would reduce the thermal loads.

Image credit: Nick Fewings via Unsplash
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Reference scenario

• Gas and electricity 
distribution networks in 
precinct and buildings.

• Meter reading and 
maintenance costs and 
liabilities for both networks.

• Some solar PV, demand 
management and batteries to 
match individual building 
needs.

'Stretch' electric

• Scenario 2, with the 
introduction of a simple 
energy framework for peak 
reduction enabling 
widespread solar PV, battery 
and demand management 
uptake.

• Scenario 1, except electricity 
distribution network only.

• Potentially higher capacity 
substation/s reqruid to meet 
seasonal / peak demand 
profiles.

'Interconnected' electric

• Scenario 3, with the 
introduction of a 
comprehensive energy 
framework for sharing energy 
and resources enabling 
maximum adoption of solar 
PV to export from low density 
to higher density areas and 
more optimised use of 
distributed energy resources.

'BAU' electric

1 2 3 4
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What does this 
mean for….
…those who 
inhabit the spaces 
for living, working 
or playing

Scenario Implications

1: Reference scenario • BAU for most Canberran community members
• Provides freedom of choice between gas and electrical appliances
• Currently addresses one of the ACT's greatest contributors to greenhouse gas emissions, at least until the gas network is 

decarbonised (if this occurs)
• A known entity and practice for users, tenants and other stakeholders
• Overall expect costs and energy bills to be higher due to two separate infrastructure networks with increased:

• use of materials and equipment
• metering requirements
• maintenance
• space allocation/easements

2: 'BAU' electric • Reduced costs of a gas network infrastructure and increased costs of energy network infrastructure.
• Increased electricity infrastructure costs potentially resulting in higher electricity consumption charges
• Reduced freedom of choice as limited to electric appliances and in some case more expensive
• Less choice and flexibility for uptake of distributed energy resources compared to Scenario 3 and 4 due to no framework in

place to provide a collective approach
• Supports community greenhouse gas reduction commitments or aspirations, if held
• Reduction in greenhouse gas emissions due to 100% renewable electricity grid in the ACT

3: 'Stretch' electric As for scenario two, except:
• Reduced electricity supply charges compared to scenario 2 through the introduction of measures to reduce the peak

demand resulting in a smaller increase in electrical supply and distribution capacity
• Reduction in energy consumption and increased thermal comfort through measures to increase the uptake of solar, energy

efficient appliances, demand management and passive building design
• Futureproofed precinct that enables choice and flexibility for current and future distributed energy resource technologies.
• Tenant may be required to meet connectivity, efficiency or infrastructure requirements outlined in the energy framework

4: 'Interconnected' 
electric

As for scenario three, except:
• Possible further reduced electricity supply charges through further reduction in peak demand
• Options for tenants to get involved in the movement and sharing of electricity and energy – this could result in further

reduced energy consumption from the grid and hence lower costs
• Enhanced precinct resilience through connected assets
• Tenant may be required to meet connectivity, efficiency or infrastructure requirements outlined in the energy framework
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What does this 
mean for….
…those who own 
the spaces

Scenario Implications

1: Reference scenario • BAU for landlords
• Provides freedom of choice between gas and electrical appliances
• Those who are financially able to install and utilise solar PV and batteries have some advantage
• Less choice and flexibility for uptake of distributed energy resources compared to Scenario 3 and 4 due to no framework in 

place to provide a collective approach
• Does not support sustainability commitments or aspirations, if held
• Could enable future potential Hydrogen distribution network (if modified)

2: 'BAU' electric • Less choice and flexibility for uptake of distributed energy resources compared to Scenario 3 and 4 due to no framework in
place to provide a collective approach

• Increased electricity infrastructure costs potentially resulting in higher electricity consumption charges
• Reduction in greenhouse gas emissions due to 100% renewable electricity grid in the ACT, at least until the gas network is

decarbonised (if this occurs)
• Decarbonises their investment, reducing risk of carbon price impacts
• Those who are financially able to install and utilise solar PV and batteries have an even greater advantage
• Eliminates possible future Hydrogen use
• Reduced need to maintain gas equipment and appliances

3: 'Stretch' electric As for scenario two, except:
• Futureproofed precinct that enables choice and flexibility for current and future distributed energy resource technologies.
• Further supports energy reduction commitments or aspirations
• Further supports renewable energy uptake and reduction of greenhouse gas emissions
• Landlord may be required to meet connectivity, efficiency or infrastructure requirements outlined in the energy framework
• Selling point to businesses and residents of connected precinct

4: 'Interconnected' 
electric

As for scenario three, except:
• Increased selling point to businesses and residents of connected precinct
• Further supports energy reduction commitments or aspirations, if held
• Further supports renewable energy uptake and reduction of greenhouse gas emissions
• Landlord may be required to meet connectivity, efficiency or infrastructure requirements outlined in the energy framework
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What does this 
mean for….
…those who 
construct the 
spaces

Scenario Implications

1: Reference scenario • BAU for landlords
• Does not support sustainability commitments or aspirations, if held
• Need to allow space for both underground gas and electrical assets

2: 'BAU' electric • Supports greenhouse gas reduction commitments or aspirations
• Less complex infrastructure as only need to allow for electricity
• Risk associated with less experience in constructing all-electric
• Increased electrical infrastructure costs - it is noted that electricity supply and distribution capacity would likely increase 

40-60% from the reference scenario to meet peak heating demand in winter. This is assuming heating is provided through 
reverse cycle split systems or heat pumps60

3: 'Stretch' electric As for scenario two, except:
• Supports energy reduction commitments or aspirations
• Supports green house gas reduction commitments or aspirations
• Potentially more onerous and costly requirements during the design and construction phase
• Contractor required to meet connectivity, efficiency or infrastructure requirements outlined in the energy framework
• Potentially reduced electrical infrastructure costs compared to scenario 2 through peak demand reduction measures

4: 'Interconnected' 
electric

As for scenario three, except:
• Further supports energy reduction commitments or aspirations
• It may be desirable to as part of this scenario to have private energy connections between developments within

the precinct, however this is currently not allowed for within the Canberra planning system and would need to be raised
with the EPSDD early
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What does this 
mean for….
…Evoenergy

Scenario Implications

1: Reference scenario • BAU for overall network regarding capex / opex
• Limited ability to reduce capex network costs and deferment of network augmentations
• Would enable future use of Hydrogen
• Creates risk of stranded assets if electrification occurs in the future
• Reduced ability to demand manage compared to electric scenarios

2: 'BAU' electric • No need to provide or maintain a gas network
• Limited ability to reduce network costs
• Limited ability to reduce capex network costs and deferment of network augmentations
• Electricity network capex increase - it is noted that electricity supply and distribution capacity would likely increase 40-60%

from the reference scenario to meet peak heating demand in winter. This is assuming heating is provided through reverse
cycle split systems or heat pumps60

• Could reduce the potential for a future retrofit of a gas network to distribute of Hydrogen or carbon neutral gas.
• Lower ability to demand manage compared to scenario 3 and 4

3: 'Stretch' electric As for scenario 2, except:
• Could enable deferment of electricity network upgrade for the Molonglo Valley
• Measured ability to reduce network costs
• Enables increased demand management options
• Provides a futureproofed network for uptake of current and future technologies
• May require development of interface requirements for improved demand management and increased distributed energy

resources uptake

4: 'Interconnected' 
electric

As for scenario 3, except:
• Measured ability to reduce network costs
• Further increased demand management options
• Provides a futureproofed network for uptake of current and future technologies
• Could provide increased precinct resilience from network outages
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Gap analysis
In general, suitable technologies 
exist for all-electric developments
• Based on the assessment of

technology options for all-electric
buildings, it is evident there are
suitable electric technologies for
adoption within the Centre and
that many of these technologies
have several benefits.

• Areas where technologies do not
perform as well as the BAU gas
reference case include:

• Upfront costs for reverse
cycle systems, induction
cooktops, air source heat
pumps for domestic hot
water, electric hot water
boilers for space heating and
electric storage for domestic
hot water. This is balanced
out by lower operational
costs in some cases.

• Cooking preferences where a
commercial kitchen has a
strong preference for at least
some gas cooktops.

• Space and design
requirements for reverse
cycle systems and air source
heat pumps for DHW.

• Potential refrigerant impacts.
• Potential acoustic issues of

air source heat pumps or
mechanical equipment not
appropriately insulated from
occupants.

Peak load on the electricity 
distribution network will be high
• Based on both interviews and the 

assessment, the peak load for the 
Centre, particularly in winter, is a 
concern.

The barriers identified highlighted 
the need to engage with stakeholders
• Based on the assessment of

barriers, socio-cultural factors are
critical in implementation of all-
electric precincts.

• Lack of knowledge, experience or
existing behaviours were amongst
the socio-cultural barriers
identified, and highlight the
importance of engaging with
stakeholders.

• Similarly, the perception that all-
electric is not cost effective is 
able to be addressed through 
engagement with stakeholders as 
well.

• Some types of residents and 
businesses may require additional 
support and short-term financial 
incentives, including:

• People who rent
• Elderly residents
• Low income households
• Small businesses and 

retailers
• Businesses currently reliant 

on gas for their core offering

Some businesses may not want to 
locate in the precinct, such as:
• Some restaurants who consider

gas too central to their core
offering – for example, those who
use woks but do not want to use
e-woks or Indian restaurants
serving Chapati.

• Some businesses who rely on
steam generation and are not
willing to pay for or able to install
equipment for high electric loads
– for example, this was the case
for a commercial laundry facility
at Burwood Brickworks.

Various interventions exist to 
address these
The following pages detail possible 
interventions to address these gaps 
and barriers, covering:
• Education
• Engagement
• Controls
• Incentives
• Energy modelling and planning
• Shared business models
• Energy efficiency
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Education and 
engagement
Education will be key to informing 
potential residents and tenants
• A more effective transition in 

cooking technologies may be 
achieved if a learning/ 
communicating/testing space is 
provided for households and 
commercial kitchens to negotiate 
existing values, while opening up 
possibilities for changing cooking 
practices40.

• For commercial kitchens, a 
large induction cooktop could be 
made available for restaurants to 
test new menu options or 
techniques before signing 
tenancy agreements. This has 
been a successful approach for 
residents in Ginninderry, where 
the cooktop used is a 
small, residential scale cooktop.

• This could be supported by 
CIT’s new campus in Woden 
which will have commercial-scale 
induction cooktops for teaching 
purposes.

Workshops have been shown to be highly 
effective in Ginninderry research with 
ARENA
• The data on the right shows responses 

from Canberra builders before and after 
a workshop on electric suburbs.

• Of 13 builders, all but 1 either already 
recommended electric over gas 
solutions for heating, hot water and 
cooking, or would following the 
workshop.

• Following the workshop, the buildings 
also agreed it was:

• “no or minimal extra hassle to 
offer house designs that would 
work in a suburb without gas 
mains”

and that they were:
• “confident or slightly confident in 

selling benefits of all-electric 
homes”33.
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Education and 
engagement
Educational and awareness will be 
valuable for businesses
• Interviews highlighted the lack of 

awareness of electric options and 
the desire of small businesses to 
be informed of their options.

• Areas that information would be 
particularly useful 
for prospective tenants and 
business owners include:

• Comparison of lifetime costs 
for technology options

• Design Guidelines detailing 
design and installation 
requirements and options

• Examples of prior use of 
electric technologies, 
particularly cooking 
technologies

• Comparison of maintenance 
requirements

• Fire, health and 
environmental risks of 
refrigerants.

Consultation with businesses should 
occur early and regularly
• This consultation should begin 

with prospective tenants and 
business owners with the retail 
leasing team during preliminary 
discussions.

• Smaller businesses in particular 
will require ongoing 
consultation.

• A point of contact (in some 
developments called an ‘eco-
concierge’) is one way to provide 
ongoing support and information 
to businesses.

Education does not have to stop 
once decisions are made
• Simple data monitoring 

and visualisation could 
be implemented to communicate 
the benefits of technologies 
within the precinct. For example, 
meters on cooktops could provide 
users with information on energy 
use or emissions reduction over 
the appliance’s use.

• At a precinct level, this could be 
used to both inform and create a 
sense of social cohesion. 

Education can also apply to industry
• The ACT's Climate Change 

Strategy includes a focus on 
creating a 'just transition'.

• The Spark program at 
Ginninderry is one example of an 
initiative that is enabling this 
within the sustainability 
transition, while also providing 
training and education 
experiences to disadvantaged 
Canberrans. The program targets 
a variety of vocations and 
involves a variety of partners 
including CIT who provides 
training opportunities.

• A similar program could be 
developed for the Molonglo 
Commercial Centre or across 
Canberra more broadly, that 
provides structured opportunities 
within the sustainable built 
environment.

Messaging is key and should go 
beyond 'green'
• There are many benefits to all-

electric precincts, though people 
may be wary or not fully 
understand the term 'all-electric' 
or the benefits of all-electric 
technologies.

• For example, with induction 
cooktops, instead of being pitched 
as an electric technology, they 
can be described as 'zero-carbon 
ready, cleanable, modern, child-
safe, ultra-rapid and high-spec 
induction stoves' - something that 
people could want due to many 
different motivations.
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Energy modelling 
and planning

Energy planning should consider 
lifecycle costs
• In developing an approach to 

energy in the precinct, 
affordability should be a key 
consideration.

• There are several cost savings to 
be had during operations, however 
these often come with greater 
upfront costs.

• Actsmart currently provide advice 
to customers to combine energy 
upgrades with installation of solar 
PV and batteries. This approach 
may result in attractive payback 
periods as solar and batteries 
compensate for the increased 
electricity consumption, may 
avoid changes to the customer’s 
electricity tariff and manage the 
peak demand thereby avoiding 
higher peak demand charges9.

• This process could also reduce the 
perceived risk by developers by 
providing early engagement with 
Evoenergy, before developers are 
involved. Modelling would be 
required to inform when updates 
to the network could be delayed to 
by following a scenario 3 or 4 
type approach. This could also 
inform what the likely purpose 
and benefit of a large battery, 
potentially community-owned, in 
the precinct would be.

• An approach similar to 
Ginninderry where a 'working 
party' was formed with Evoenergy 
could be appropriate.

• Heat mapping could be conducted 
to identify where there are 
opportunities to match heating and 
cooling within the precinct.

• This strategy should also have a 
focus on business continuity and 
resilience, as these are key 
concerns for retailers.

The ACT Government could de-risk 
the investment for developers and 
tenants by completing some 
preliminary modelling
• As part of development of a 

masterplan or concept for the 
Centre, energy modelling and 
development of an energy strategy 
for the precinct would help inform 
the approach to developers and 
other stakeholders.

• This would require certain details 
of the Centre to be confirmed (or 
at least estimated) including 
approximate floor plans.

• This could enable the estimation 
of costs and benefits, and would:

• Attract large interstate 
developers from Canberra 
who have strong all-electric 
or net zero commitments

• Inform smaller, local 
developers on the anticipated 
standard.

2 – ACT Government survey 

• This process could also inform 
which ‘scenario’ or elements of 
the scenarios are most beneficial 
for the Centre and what 
governance arrangements might 
be most appropriate, given the 
number of directions available.
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Shared business 
models

• In California, there was a rapid 
uptake in leasing arrangements in 
2009 due to the decrease in 
incentives for upfront purchasing 
of panels which made leasing 
more attractive than purchasing.

• As outlined on page 36, this 
would be particularly attractive to 
households earning under

$60,000 p.a.

• Currently, apartment owners

or other residents who do not 
control their roof find it

difficult or impossible to place 
solar PV on their buildings.

By enabling these groups to more 
readily negotiate for this, solar PV 

with high utilisation rates due to 
sharing between

building users could be achieved.

• Power Purchase

Agreements (PPA) offer

an alternative to leasing,

and ownership, whereby consume 
rs commit to buy a certain number 

of kWh of energy from a provider.

The Centre could facilitate leasing 
arrangements for roof space of for 
solar PV
• Through leasing, consumers 

commit to paying a certain 
amount of money for the use of 
the panels. Leasing solar

PV systems is popular in

some specific overseas

markets, but not in Australia. This 
is largely due to differences in 
policy, and the

relative attractiveness

of purchasing rather than leasing.

• Leasing does, however, provide 
an opportunity to increase the 
utilisation of individual panels 
while making solar PV

more accessible.

Particularly among renters or low-

income households, leasing has 

the potential to provide a flexible 

and efficient way to

use renewable

energy. Additionally,

the manufacturer and owner of the 

panel will be incentivised to 
ensure a long lifespan and high-

quality repairs and maintenance.

Business models that align more 
closely with the circular economy 
framework may provide triple 
bottom line benefits in the Centre
• The circular economy framework

aims to decouple resource
consumption from growth and
community value.

• Many of the business models
compatible with the circular
economy remove the
requirements for ownership of
products or assets, thereby
reducing the need for large
investments upfront, while also
providing other environmental
and economic benefits55.

• Given the benefits of installing
solar PV and batteries alongside
all-electric buildings, but also the
concerns over affordability of
these, these 'circular business
models' should be considered.

• An embedded network would be
one way to work towards this,
with leasing and community-
owned resources as other
options.

Community-owned renewable energy 

could support the Centre's energy 

ambitions

• At a local level, more and more 
communities around Australia are 
developing, executing and 
benefiting from solar PV projects 
independently. community-owned 

renewable energy provides

these communities

with ownership over the resource, 
which increases the accessibility 
and affordability of solar

PV, while also

enabling individuals to 
collectively act against climate 
change.

• The ACT currently has the largest 
community-owned solar farm in 
Australia in the Majura Valley 
Community Solar Farm56

• The Molonglo Valley community 
could be provided the opportunity 
to invest in a community-owned 
solar farm and potentially a large 
battery that supports the Centre to 
reduce its peak load or provides 
some other service to the network.
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Energy efficiency –
Passive House

• The standard focusses on a 
passive approach to improving 
the performance and thermal comfort 
of buildings, using an envelope 
first methodology. There are 
five defining principles of 
Passive House, including 
airtightness, ventilation with heat 
recovery, high performance windows, 
reduction of thermal bridges and 
high-performance insulation.

• Passive House could be tested 
on some priority buildings within 
the precinct, where space heating 
and wellbeing are priorities.

Passive House could be adopted as a 
Canberra trial, or at least inspire 
improved thermal performance
• Passive House is a sustainable 

building standard developed in 
Europe. There’s been growing 
uptake in larger scale buildings as 
the standard becomes more 
popular in Australia and it is 
notably popular for detached 
housing.

• There are a number of large-scale 
projects currently certified in 
Australia, including a student 
residence with 150 single 
occupancy units and a 15,000m2

learning building, both at Monash 
University.

Back to contents

89







Suburban Land Agency

References
1 - https://www.environment.act.gov.au/cc/act-climate-change-strategy/buildings-and-land-use
2 - https://www.cmtedd.act.gov.au/ data/assets/pdf file/0003/1654077/Parliamentary-Agreement-for-the-10th-Legislative-
Assembly.pdf
3 - https://www.energycouncil.com.au/analysis/gas-in-australia-where-is-it-now-and-where-is-it-going/
4 - https://www.iea.org/reports/world-energy-outlook-2020
5 - https://www.environment.act.gov.au/ data/assets/pdf file/0008/1679075/ACT-Greenhouse-Gas-Emissions-Inventory-
Report-2019-20.pdf
6 - https://www.iea.org/reports/net-zero-by-2050
7 – https://www.energynetworks.com.au/resources/reports/gas-vision-2050-hydrogen-innovation/
8 – https://grattan.edu.au/wp-content/uploads/2020/11/Flame-out-Grattan-report.pdf
9 – Survey response
10 - AEMO Electrical Statement of Opportunities 2019
11 - https://www.actewagl.com.au/plans-and-connections/pricing-information/price-change
12 - https://www.canberratimes.com.au/story/7233362/gas-prices-to-rise-over-next-five-years/
13 – https://carbonpricingdashboard.worldbank.org/map data
14 - https://www.bca.com.au/energy and climate
15 – https://www.afr.com/companies/energy/business-hits-back-at-canavan-on-carbon-price-20190530-p51std
16 – https://www.bcg.com/en-au/publications/2020/how-an-eu-carbon-border-tax-could-jolt-world-trade
17 – https://press-files.anu.edu.au/downloads/press/p345233/html/app05.xhtml?referer=&page=19
18 – The Fifth Estate, 2020, Flick the Switch
19 – https://www.impact-group.com.au/
20 – Interview: 
21 – https://brc.org.uk/news/corporate-affairs/retail-to-hit-net-zero-by-2040/
22– Interview: 
23 – https://www.coles.com.au/whats-happening/sustainability/coles-bold-new-ambitions-to-reduce-its-environmental-impact
24 – https://www.woolworthsgroup.com.au/page/community-and-responsibility/corporate-responsibility-reports/woolworths-
group-sustainability-plan-2025/
25 – https://corporate.aldi.com.au/en/corporate-responsibility/environment/
26 – https://spar-international.com/responsible-retailing/environment/
27 – https://www.iga.com.au/sustainability/sustainability-policy/
28 – https://www.bunnings.com.au/about-us/sustainability
29 – https://restaurant.org/downloads/pdfs/sustainability/restaurant sustainability research report 2018.pdf
30 – https://mcdonalds.com.au/learn/responsibility/maccas-and-the-environment
31 – https://www.kfc.com.au/our-impact-faqs
32 - https://www.goodfood.com.au/eat-out/news/no-longer-cooking-with-gas-how-a-shift-to-induction-cooking-could-affect-
victorian-homes-and-restaurants-20210507-h1vocw
33 - https://ginninderry.com/wp-content/uploads/2016/09/Ginninderry-2017-Householder-Attitudes-to-Residential-Renewable-
Energy-Futures.pdf
34 – Smart Grid, 2014, Smart City Customer Research Report
35 - Huijts, Molin, Steg, 2011, Psychological Factors Influencing Sustainable Energy Technology Acceptance: A review-
based comprehensive framework
36 –
37 - https://www.psychology.org.au/getmedia/fe04cbc3-4110-4256-98b8-883f14866660/20APS-Submission-
Psychology Climate-change.pdf
38 - https://theconversation.com/new-polling-shows-79-of-aussies-care-about-climate-change-so-why-doesnt-the-
government-listen-148726

39 - https://ginninderry.com/wp-content/uploads/2016/09/Ginninderry-2017-Householder-Attitudes-to-Residential-Renewable-
Energy-Futures.pdf
40 - Energy Research & Social Science Journal, University of Twente, 2020
41 - Massop, 2020, Naturally, Gas Free: Using socio-demographic data to optimise civic-engagement in the Dutch heat 
transition
42 – ACIL Allen Consulting, 2020, Household Energy Choice in the ACT
43 –  2021, Ginninderry: All things electric presentation
44 – Interview: Ginninderry
45 - https://www.barangaroo.com/
46 – Survey response
47 - Department of Environment and Conservation, 2009
48 – Rocky Mountain Institute, 2020
49 - https://academic.oup.com/ije/article/42/6/1724/737113
50 – The Fifth Estate, 2020
51 – Interview: 
52 - https://grattan.edu.au/wp-content/uploads/2020/11/Flame-out-Grattan-report.pdf
53 - https://suburbanland.act.gov.au/whitlam/energy-rebate
54 - Canberra Times, 2019
55 - https://www.arup.com/perspectives/publications/promotional-materials/section/circular-business-models-for-australia-
solar-photovoltaics
56 – https://www.abc.net.au/news/2021-03-11/act-community-solar-farm-opens-in-majura/13238882
57 – ITP (2020) Green Gas Trading
58– ITP, Moulis Legal (2020) ACT Law ft. Hydrogen
59 - https://consultation.abcb.gov.au/engagement/energy-efficiency-scoping-study-
2019/supporting documents/Trajectory%20for%20Low%20Energy%20Buildings.pdf
60 – 
61 - https://www.basix.nsw.gov.au/iframe/images/4050pdfs/BASIX thermal comfort caps.pdf
62 - https://www.energyrating.gov.au/sites/default/files/2020-06/report-residential-baseline-study-for-australia-2000-2030.pdf 
63 - https://www.roymorgan.com/findings/7811-australian-swimming-pool-ownership-september-2018-201811230555
64 - https://bakingbusiness.com.au/green-oven-reduces-franchise-bills/
65 - https://www.theage.com.au/national/victoria/victorian-state-schools-start-switching-off-natural-gas-20210701-
p585wc.html 

Back to contents

92






