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Abstract 
The g loba l sh ift to  susta inab le  energy has increased the  dem and fo r copper, essentia l for renew ab le 
energy in frastructure  due to  its  exce llen t e lectrica l and therm al p roperties. A s a  m ajor copper 
p roducer, A ustra lia  p lays a  key ro le  in  th is trans ition . D ecarbon is ing  copper m in ing , especia lly  the 
energy-in tens ive  ore process ing  s tage, requ ires renew ab le  energy so lu tions. Th is  paper exam ines 
the  optim isa tion o f hybrid  m icrogrids to reduce carbon em iss ions in  A ustra lian  copper deposits . W e 
deve lop  a  hybrid  m icrogrid  m ode l, app lied  to  a ll iden tified  A ustra lian  copper deposits , incorpora ting 
so la r P V , w ind  tu rb ines, d iese l genera tors , and ba ttery  sto rage. O ur m odel focuses on  op tim isa tions 
th rough d ispatch  s tra tegies and dem and-s ide flex ib ility . R esu lts show  tha t an  optim a l renew ab le 
energy penetra tion  of 80%  in  hybrid  m icrogrids ach ieves the  low est Leve lized  C ost o f E lectric ity  
(LC O E ) a t about $0 .32/kW h, reducing  the  specific  carbon em iss ions to  around 0 .11  kg-C O 2/kW h. 
The study h igh ligh ts the sign ifican t im pact o f d ispatch  strateg ies and dem and-s ide  flex ib ility  on  hybrid 
m icrogrid  econom ics. This  research  prov ides ins igh ts  in to  the  la rge-sca le  im p lem entation  o f hybrid  
m icrogrids in  m in ing  reg ions, em phasis ing  the ir econom ic and environm enta l benefits . 

1. Introduction 

The g loba l sh ift tow ards renew ab le  energy sources like  so la r, w ind , hydro, b iom ass, and geotherm al 
is  d riven  by the  increas ing  costs  and env ironm enta l issues linked to  foss il fue ls . Th is  trans ition  has 
s ign ifican tly  increased the  dem and for copper, especia lly  as so la r P V and w ind  system s heavily  re ly 
on  copper fo r e ffective  opera tion  (G ilm ore e t a l., 2022; K im  and G ou ld , 2021; M oreno-Le iva  et a l., 
2020). F ig . 1 illus trates the  use of critica l m inera ls , inc lud ing  copper, across various c lean energy 
techno log ies com pared to  trad itiona l foss il fue ls . 

 
Figure 1. C ritica l m inera ls  used in the trad itiona l foss il fue ls  energy technolog ies and c lean energy 
techno log ies (K im  and G ou ld , 2021). 
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A ustra lia ’s  abundant renew ab le  energy resources o ffe r a  prom is ing  opportun ity  to  use  so lar P V  
and w ind  for decarbon is ing  its  m in ing  sector (H uang e t a l., 2024; S trazzabosco e t a l., 2022). 
H ybrid  m icrogrids, w h ich com bine m ultip le  renew ab le  energy sources, a re increas ing ly  seen as a 
v iab le  so lu tion  for pow ering  rem ote m in ing  opera tions (E llabban and A lass i, 2021; Igogo et a l., 
2021; S trazzabosco et a l., 2022). These m icrogrids prov ide flex ib le  and custom isab le  energy 
so lu tions that support renew ab les and prom ote susta inab ility  in  m in ing  practices (E llabban and 
A lass i, 2021; M irzaeva and M ille r, 2022). 
H ow ever, there has been no com prehensive  study on  optim is ing  hybrid  m icrogrids for 
decarbon is ing  m inera l p rocess ing  across a ll A ustra lian  copper deposits . Th is  paper a im s to  fill th is  
gap by exp loring  the ro les o f d ispatch strategy and dem and-s ide  flex ib ility  in  op tim is ing  hybrid  
m icrogrids to reduce carbon em iss ions in  A ustra lia 's  copper m in ing  sector. 

2. Methods 

W e began by co llecting  da ta  on  copper deposits and the load pro file  for copper ore  process ing  in 
A ustra lia . D ata on  135 copper deposits w as sourced from  G eoscience A ustra lia 's  critica l m inera ls 
da tabase (C ham pion et a l., 2021). The load profile , derived from  the  S em i-A utogenous B a ll M ill 
C rusher (S A B C ) com m inution  c ircu it, inc luded specific  pow er consum ption  fo r each com ponent 
(W ang e t a l., 2013; Zhang, 2016). A  hybrid  m icrogrid  m ode l w as then des igned, in tegrating  so la r P V 
pane ls , w ind  tu rb ines, d iese l genera tors , lith ium -ion  ba ttery  sto rage, and pow er converte rs  fo r the 
copper process ing c ircu it us ing H O M E R . S im ula tions and optim isa tions w ere  conducted a t 135 
copper deposits  in  tw o phases: 
Dispatch Strategy Optimisation: W e eva lua ted th ree energy d ispatch s tra teg ies— C ycle  C harg ing 
(C C ), Load Fo llow ing  (LF ), and P red ic tive  D ispatch  (P D ). The C C  strategy operates genera tors  at 
fu ll capacity  w ith  excess pow er charg ing  batteries. The LF  strategy m eets on ly  im m edia te  dem and, 
w h ile  the  P D  stra tegy forecasts  dem and and optim ises battery  use. Th is  phase a im ed to  determ ine 
the m ost cost-effective strategy, focus ing on LC O E , renew ab le penetration , and ba tte ry 
m anagem ent. 
Demand-Side Flexibility Optimisation: W e introduced a  deferrab le  load com ponent (20%  of to ta l 
load) to  a llow  consum ption  ad justm ents based on dem and. Th is  flex ib ility  he lps reduce the need for 
fu ll-capacity  opera tion  and low ers insta lled  capacity  requ irem ents. The goa l w as to  enhance system  
e ffic iency and econom ic perfo rm ance by a lign ing  energy consum ption  w ith  ava ilab ility  and 
m in im is ing  operationa l costs . 
F igure  2  show s the  load pro file  o f a  typ ica l copper o re  process ing  c ircu it (SA B C  com m inution  c ircu it) 
used in  th is  study. F igure  3  illus trates the  techno-econom ic op tim isation  process for the  hybrid 
m icrogrid system . 

 
Figure 2. The annua l load profile  o f the copper o re  process ing  c ircu it (S AB C  com m inution  c ircu it). 
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Figure 3. S um m ary o f the  m ethods used in  the  op tim isa tion  process o f the  hybrid  m icrogrid  m ode l. 

3. Results 

The resu lts  of the  s tudy show  tha t the  optim al renew ab le  energy penetration  ra te  fo r hybrid 
m icrogrids is  around 80% . A na lys is  us ing the 2D  h is togram  (F igure  4) dem onstra tes tha t the  LC O E  
decreases as renew ab le  energy penetra tion increases, reach ing  its  low est po in t at approx im ate ly 
80%  penetration . B eyond th is thresho ld , the  LC O E  beg ins to rise  due to  the add itiona l battery 
s to rage requ ired. The data  revea ls  tha t an  80%  renew ab le  energy penetra tion  prov ides the low est 
LC O E  (~$0.32/kW h) and is  the m ost frequently  occurring op tim a l so lu tion across a ll copper deposit 
loca tions. 
The fina l op tim ised hybrid  m icrogrids, fo llow ing  the  op tim isation  o f d ispatch  s tra tegy and dem and-
s ide  flex ib ility , show  s ignifican t reductions in  annua l carbon em iss ions com pared to base line  d iese l 
genera tors . The prim ary h is togram  (F igure  5, green) ind ica tes that m ost hybrid  m icrogrids ach ieve 
em iss ions of around 10,000 tonnes of C O 2 per year, s ign ifican tly low er than the base line  of 55 ,025 
tonnes. The m ed ian  norm alised specific  carbon em iss ion  fo r hybrid  m icrogrids is  0 .11  kg-C O 2/kW h, 
re flecting an 84%  reduction  com pared to d iese l genera tors . The inse t h is togram  (F igure 5, b lue) 
show s a  peak reduction  o f 80-85%  in  em iss ions, a lign ing  w ith  the  op tim al 80%  renew ab le  energy 
penetration  identified  earlie r. Th is  range dem onstrates substan tia l em iss ion  reductions across the 
m ajority o f hybrid m icrogrids, though som e variability  suggests po tentia l for fu rther op tim isation . 
A m ong a ll the  d ispatch  s tra teg ies eva lua ted, the  Pred ic tive  D ispatch  (P D ) proved the m ost effective 
in  im prov ing  the  econom ic perform ance o f hybrid  m icrogrids. A dd itiona lly , incorporating  a  de ferrab le 
load to enab le dem and-s ide  flex ib ility  fu rther enhanced econom ic ou tcom es by a llow ing  be tte r 
a lignm ent of energy consum ption w ith  production . 
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Figure 4. The resu lts o f the  fina l op tim ised hybrid  m icrogrids s im u la ted a t a ll copper deposits  
across A ustra lia . W here  the  x-ax is  represents the renew ab le  energy penetra tion , the y -ax is  
represents the  LC O E , and the co lour bar represents the  num ber of copper deposits. 

 
Figure 5. F ina l optim ised hybrid  m icrogrids carbon em iss ion  pro files: The prim ary h istogram  
(green) show s the annual carbon em iss ions from  optim ised hybrid  m icrogrids across a ll A ustra lian  
copper deposits . The inse t (b lue) show s the reduction  in  em iss ions com pared to  base line  d iese l 
genera tors . The red  dashed line  show s the  annua l carbon em iss ion  of d iese l genera tors. 
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4. Conclusion 

The study h igh ligh ts  the s ign ifican t po tentia l o f op tim ised hybrid  m icrogrids in  reducing  carbon 
em iss ions and low ering energy costs  fo r copper o re  process ing in  A ustra lia . The op tim a l renew ab le  
energy penetra tion  ra te  is  a round 80% , w here  hybrid  m icrogrids ach ieve the  low est LC O E  and 
s ign ifican t em iss ion  reductions. W e h igh ligh t tw o key fea tures to m ake such hybrid m icrog irds m ore 
va luab le : P red ictive  D ispatch s tra tegy, com bined w ith dem and-s ide flexib ility  th rough deferrab le 
loads. These find ings support the trans ition  tow ards m ore susta inab le  and decarbon ised copper 
m in ing  operations. 
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