


About Albatross Energetics
Albat ross  Energet ics  env is ions a  wor ld  where c l imate-consc ious
thermal  comfor t  so lu t ions  are  un iversa l ly  access ib le ,  d r iven by  the
be l ie f  tha t  the  r igh t  to  pro tec t ion  aga ins t  the  adverse impacts  o f
c l imate  change is  fundamenta l .  Our  miss ion is  to  t ransform how
indust r ies  and communi t ies  approach c l imate  cont ro l ,  c reat ing
so lu t ions that  ensure  energy e f f ic iency and susta inab i l i t y  w i thout
compromis ing comfor t .

Today,  they spec ia l ize  in  advanced coo l ing  and dehumid i f i ca t ion
techno log ies  ta i lo red for  indust r ia l  and commerc ia l  env i ronments .  By
leverag ing innovat ive  des iccant -based methods,  we enab le  prec ise
humid i ty  and temperature  cont ro l ,  o f fe r ing  indust r ies  such as
pharmaceut ica ls ,  tex t i les ,  and food process ing the ab i l i t y  to  reduce
the i r  carbon footpr in t  and energy consumpt ion.

The i r  so lu t ions  are  des igned for  versat i l i t y ,  seamless ly  in tegra t ing  in to
both  new and ex is t ing  HVAC systems,  and ensur ing env i ronmenta l
benef i ts  are  ach ievab le  across d iverse app l ica t ions.  Through s t ra teg ic
par tnersh ips  and ongo ing research,  A lbat ross  Energet ics  is  lead ing the
charge toward a  susta inab le  fu ture  where comfor t  and c l imate
respons ib i l i t y  go hand in  hand.

Introduction
The S ix th  Assessment  Repor t  o f  the  In tergovernmenta l  Pane l  on
Cl imate  Change ( IPCC) in  August  2021 caut ioned that  the  Ind ian
subcont inent  cou ld  expect  increased occur rences o f  severe  and
f requent  heat  waves in  the next  decade.  The G20 Cl imate  Risk  At las
a lso  warned in  2021 that  heat  waves across Ind ia  would  l i ke ly  las t  25
t imes longer  by  2036-65 i f  carbon emiss ions remain  h igh,  as  in  the
IPCC’s  wors t -case emiss ion scenar io .  Soon,  Ind ia  cou ld  become one o f
the f i rs t  p laces in  the wor ld  to  exper ience heat  waves that  wou ld  break
the human surv iva l  l im i t .

In  Ind ia ,  between 2019 and 2022,  there  was a  21% r ise  in  e lec t r ic i ty
usage a t t r ibu ted to  space coo l ing .  Present ly ,  approx imate ly  10% of  the
to ta l  e lec t r ic i ty  demand is  dr iven by  the need for  space coo l ing  and by
2050,  45% of  Ind ia ’s  peak e lec t r ic i ty  demand is  expected to  come f rom
space coo l ing  a lone.

https://www.ipcc.ch/assessment-report/ar6/
https://www.iea.org/reports/energy-efficiency-2023/can-efficient-cooling-help-manage-fast-rising-electricity-demand-in-india-and-achieve-thermal-comfort-for-all
https://www.iea.org/reports/the-future-of-cooling


However ,  on ly  10% of  the  househo lds  were a i r -cond i t ioned as  o f  2021,
mak ing us  one o f  the  count r ies  w i th  the lowest  access to  e f f i c ien t  and
af fordab le  coo l ing  so lu t ions,  g iven the h igh capex and opex costs  o f
the ex is t ing  so lu t ions.

Thermal  comfor t  i s  a  bas ic  necess i ty  tha t  shou ld  be access ib le  to  a l l
ra ther  than a  pr iv i lege reserved for  a  se lec t  few.  Br idg ing th is  gap and
making a f fordab le  so lu t ions wide ly  ava i lab le  is  c ruc ia l  to  ensure  that
thermal  comfor t  becomes a  un iversa l ly  access ib le  s tandard o f  l i v ing  in
an a f fordab le  and e f f ic ien t  way.

The average e f f ic iency  o f  ACs in  Ind ia  is  re la t ive ly  low,  g iven the cost -
sens i t i ve  nature  o f  the  Ind ian market .  The bu i ld ing sector  o f fe rs  huge
potent ia l  fo r  reduc ing coo l ing  demand and improv ing energy e f f ic iency,
cons ider ing bu i ld ings consume 30-35% of  Ind ia ’s  to ta l  energy.  Broad ly ,
75-85% of  the  emiss ions generated by  a  bu i ld ing occur  dur ing i ts
opera t ions,  o f  wh ich 35-40% is  by  the HVAC systems.

Space coo l ing  requ i rements  cons is tent ly  ind ica te  that  techno log ica l
advancements  in  AC sys tems are  key to  s ign i f i cant ly  reduc ing
e lec t r ic i ty  consumpt ion and,  consequent ly ,  g reenhouse gas emiss ions
cost -e f fec t ive ly .

Problem Statement
Par t ic ipants  are  tasked wi th  c reat ing  a  deta i led  model  o f  a  vapor
compress ion-based a i r  cond i t ion ing (AC)  sys tem for  e f fec t ive  coo l ing
and dehumid i f i ca t ion .  The sys tem wi l l  opera te  us ing a  s ing le
compressor ,  and the ob jec t ive  is  to  ach ieve opt imal  coo l ing ,
dehumid i f i ca t ion ,  and energy e f f ic iency wi th in  sa fe  opera t iona l  l im i ts
under  vary ing load cond i t ions .

The ent i re  sys tem,  inc lud ing the cho ice o f  components ,  re f r igerant ,
and cont ro l  log ic ,  must  be modeled in  MATLAB/Simul ink .

Sys tem Requi rements :

1.  Compressor  Select ion:

You may se lec t  a  compressor  f rom the l i s t  p rov ided:

https://iea.blob.core.windows.net/assets/0691524e-7faa-4241-b002-055d4c0210ec/Sustainable%2CAffordableCoolingCanSaveTensofThousandsofLivesEachYear.pdf
https://www.orfonline.org/expert-speak/air-conditioner-use-in-india#:~:text=The%20average%20efficiency%20of%20ACs,the%20purchase%20of%20efficient%20ACs
https://www.iea.org/energy-system/buildings
https://ozonecell.nic.in/wp-content/uploads/2021/10/India-Cooling-Action-Plan-Booklet-SP.pdf
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Suitable
Refrigerants

R290
R134a, R407C,
R513A, R454C,

R1234yf

R134a, R407C,
R450A, R513A

R410A

Isentropic
Efficiency (%)

68.4%
68.8%, 69.1%,
67.5%, 67.9%,

64.8%

63.9%, 65.3%,
65.6%, 65.8%

65.1%

Displacement (at
50Hz, in L/s)

1.6 2.2 1.6 1.1

High Side Pressure
Max (gauge, bar)

28 38 29 45

Low Side Pressure
Max (gauge, bar)

17 23.5 21 29.5

Low Side
Temperature Max

(°C)
50 50 50 50

Low Side
Temperature Min

(°C)
-35 -35 -35 -35

High Side
Temperature Max

(°C)
150 150 150 150

High Side
Temperature Min

(°C)
-35 -35 -35 -35

Stub Suction (inch) 3/4 3/4 3/4 3/4

Stub Discharge
(inch) 

1/2 1/2 1/2 1/2



  

2.  Refr igerant  Choice,  Component  Design,  Control  Logic:

You are  f ree to  se lec t  any re f r igerant ,  ba lanc ing per formance and
env i ronmenta l  impact .
The des ign o f  the  evaporator  and condenser  is  open-ended and up
to  the par t ic ipants ’  d iscre t ion .
You are  encouraged to  implement  custom cont ro l  log ic  to  vary  the
compressor  RPM and indoor /outdoor  fan speeds based on load
prof i les .

3.  Arbi t rary  Test ing Condit ions:

Indoor  Set  Po in t :  27°C DB (dry  bu lb) ,  19°C WB (wet  bu lb) .
The outdoor  a i r  cond i t ions ,  in i t ia l  room a i r  cond i t ions ,  and in terna l
room loads wi l l  be  set  by  the organ izers .  Spec i f i ca l ly ,  the
organ izers  w i l l  de termine the inputs  fo r  the  House Subsystem and
the House Thermal  Network  Subsystem in  S imul ink ,  and wi l l  ad jus t
des ign parameters  to  vary  the sens ib le  and la tent  heat  loads in  the
room.  Par t ic ipants  can assume that  the  to ta l  heat  load wi l l  no t
exceed 1 .25 TR ( ton o f  re f r igera t ion) .

4.  ISEER Rat ing Condit ions:

Indoor  Set  Po in t :  27°C DB (dry  bu lb) ,  19°C WB (wet  bu lb) .
Outdoor  A i r  Cond i t ions :

...

https://in.mathworks.com/help/examples/simscapefluids/win64/RefrigerationCycleSystemLevelExample_03.png
https://in.mathworks.com/help/examples/simscapefluids/win64/RefrigerationCycleSystemLevelExample_04.png


Pressure-Entha lpy  (P-h)  Char t  o f  the  Ref r igera t ion  Cyc le .1 .
 2 .Graphs Disp lay ing:

Indoor  DB and WB
Cool ing Del ivered,  Power  Consumpt ion,  and Energy Ef f ic iency Rat io
(EER)
Condenser  and Evaporator  Pressures/Satura t ion  Temperatures
Superheat ing and Subcoo l ing

5.  Safety  Requirements:

The AC sys tem must  opera te  safe ly  under  a l l  p rac t ica l  load
cond i t ions .  I t  shou ld  remain  wi th in  the compressor ’s  sa fe  opera t ing
enve lope,  w i th  no negat ive  superheat  a l lowed.  Pena l t ies  w i l l  app ly
for  any dev ia t ions f rom safe  opera t ing  cond i t ions .

Performance and Output Requirements

Evaluation Pattern
The scor ing wi l l  be  d iv ided as  fo l lows:

Performance Score:  70 Points1.
Scoring Based on Average EER at  Arbi t rary  Test ing Condit ions
(35 Po in ts )

Scoring Based on ISEER (35 Po in ts )
I f  the  h ighest  EER/ ISEER amongst  a l l  the  submiss ions is  H,  and a
team’s  EER/ ISEER is  X,  the  team’s  score  wi l l  be  ca lcu la ted as  X/H*35.

Penal t ies:
Vio la t ion  o f  Safe  Operat ing  Condi t ions :  I f  the  sys tem operates
outs ide o f  sa fe  cond i t ions  (e .g . ,  compressor  enve lope
v io la t ions) ,  a  15% deduct ion  wi l l  be  app l ied  to  the
per formance score .
Response T ime Requi rements :  The sys tem shou ld  coo l  AND
dehumid i fy  the  room down to  the target  se t  po in t  w i th in  10
minutes .

I f  coo l ing  or  dehumid i f i ca t ion  takes more than 10 minutes ,
a  5% pena l ty  w i l l  be  app l ied  to  the per formance score .
I f  coo l ing  or  dehumid i f i ca t ion  takes more than 20 minutes ,
a  15% penal ty  w i l l  be  app l ied  to  the per formance score .

https://in.mathworks.com/help/examples/simscapefluids/win64/RefrigerationCycleSystemLevelExample_06.png
https://in.mathworks.com/help/examples/simscapefluids/win64/RefrigerationCycleSystemLevelExample_06.png
https://in.mathworks.com/help/examples/simscapefluids/win64/RefrigerationCycleSystemLevelExample_07.png
https://in.mathworks.com/help/examples/simscapefluids/win64/RefrigerationCycleSystemLevelExample_08.png


  2.  Project  Documentat ion Score:  10 Points
The document  shou ld  deta i l  your  model ,  des ign cho ices,  cont ro ls ,
ISEER ach ieved,  cos t  ana lys is  and v iab i l i t y  o f  the  des igned AC
system.

  3.  F inal  Presentat ion:  10 Points
Par t ic ipants  w i l l  p resent  the i r  model ,  des ign cho ices,  and resu l ts  to
the pane l .

  4.  Bonus Points
Envi ronmenta l  Impact  -  Ref r igerant  GWP (Globa l  Warming
Potent ia l ) :  +10 Po in ts

          +10 marks  for  re f r igerants  w i th  GWP < 500.
          +5  marks  for  re f r igerants  w i th  GWP ≥ 500 and < 1500.
           0  marks  for  re f r igerants  w i th  GWP ≥ 1500.

Resources
Model  o f  re f r igera t ion  Cyc le1.

a .  System-Leve l  Ref r igera t ion  Cyc le  (2P)
b.  Thermosta t ic  Expans ion Va lve (2P)

  2 .Model l ing  Mois t  A i r  System 
a.  Condenser  Evaporator  (2P-MA)
b.  System-Leve l  Condenser  Evaporator  (2P-MA)
c.  Cons idera t ions for  Microchannel  Heat  Exchangers  
d .  E-NTU Heat  Transfer  

 3 .Ref r igera t ion  Cyc le  (A i r  Cond i t ion ing)

 4 .Deve lop ing Thermal  Management  System wi th  S imul ink  

https://in.mathworks.com/help/hydro/ug/modeling-a-refrigeration-cycle.html
https://in.mathworks.com/help/hydro/ref/systemlevelrefrigerationcycle2p.html
https://in.mathworks.com/help/hydro/ref/thermostaticexpansionvalve2p.html
https://in.mathworks.com/help/simscape/ug/modeling-moist-air-systems.html
https://in.mathworks.com/help/hydro/ref/condenserevaporator2pma.html
https://in.mathworks.com/help/hydro/ref/systemlevelcondenserevaporator2pma.html
https://in.mathworks.com/help/hydro/ug/considerations-for-microchannel-heat-exchangers.html
https://in.mathworks.com/help/hydro/ref/entuheattransfer.html
https://in.mathworks.com/help/hydro/ug/residential-refrigeration-unit.html
https://youtube.com/playlist?list=PLiTw5z-CABweubk7bWbPuprhPMZCGQIrk&si=hZPgWmLTTeej0pBi

