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•  Up	  to	  40%	  of	  the	  world’s	  energy	  each	  year	  is	  used	  to	  heat,	  cool,	  and	  
light	  buildings	  	  

•  In	  China,	  30%	  of	  energy	  consumpNon	  is	  from	  buildings.	  Among	  43B	  
m2	  buildings	  areas,	  95%	  are	  high	  energy	  consumpNons.	  

•  The	  buildings	  have	  to	  be	  as	  sustainable	  as	  possible	  at	  every	  stage	  of	  
their	  lifeNme	  –	  from	  construcNon,	  renovaNon	  to	  demoliNon	  

•  Green	  buildings	  require	  efforts	  from	  many	  aspects	  including	  energy	  
carbon	  emission,	  waste	  management,	  water	  usage,	  construcNon	  
materials,	  recycling,	  etc.	  

•  Different	  approaches	  will	  be	  needed	  for	  various	  constraints,	  such	  as	  
type	  of	  buildings,	  site	  restricNons,	  cost,	  external	  air	  quality,	  noise	  
polluNon,	  etc.	  

•  Sustainable	  and	  energy-‐efficient	  buildings	  must	  subject	  to	  reduced	  
risk,	  greater	  usability,	  and	  greater	  comfort.	  	  	  	  	  

3	  

HKUST 
FYTGS Impact	  of	  Buildings	  
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Energy	  generaNon	  and	  saving	  

Energy	  recycling,	  	  
water	  environment	  management,	  

gas	  emission	  esNmaNon	  	  

Smart	  monitoring	  

	  Why	  Smart	  Green	  Building?	  

Energy	  
Problem	  

Pollu.on	  
Problem	  

Health	  
Problem	  

HKUST 
FYTGS Why	  Smart	  Green	  Buildings?	  
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HKUST 
FYTGS What	  Is	  a	  Smart	  Green	  Building?	  
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•  A	  building	  with	  zero	  net	  energy	  consumpNon	  and	  zero	  net	  
carbon	  emissions	  annually	  

•  The	  amount	  of	  energy	  provided	  by	  on-‐site	  renewable	  energy	  
sources	  is	  equal	  to	  the	  amount	  of	  energy	  used	  by	  the	  
building.	  

•  The	  carbon	  emissions	  generated	  must	  be	  balanced	  by	  the	  
equal	  amount	  of	  carbon	  emissions	  reduced	  (carbon	  
neutrality)	  
–  by	  the	  amount	  of	  equivalent	  renewable	  energy	  producNon	  
–  by	  buying	  enough	  carbon	  credits	  to	  make	  up	  the	  difference	  

6	  

HKUST 
FYTGS Green	  Net	  Zero	  Building	  
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•  Self-‐sufficient	  by	  collecNng	  and	  re-‐using	  waters	  
–  Usage	  reducNon	  and	  recycling	  of	  valuable	  potable	  water	  

•  Built	  using	  sustainable	  materials	  
–  Building	  materials	  are	  a	  finite	  resource.	  Buildings	  can	  be	  designed	  to	  be	  reused	  

or	  recycled	  in	  whole	  or	  in	  part.	  
–  Consider	  the	  energy	  cost	  of	  construcNon	  materials	  

•  Efficient	  use	  of	  natural	  resources	  (e.g.,	  land)	  
•  Able	  to	  cope	  with	  future	  climate	  changes	  

–  How	  buildings	  can	  adapt	  to	  future	  changes	  
•  A	  posiNve	  contribuNon	  to	  the	  community	  and	  built	  environment	  

–  Help	  achieve	  posiNve	  social,	  economic,	  and	  environmental	  effects	  

•  Sustainable	  in	  operaNon	  
–  Buildings	  can	  be	  operated	  easily	  and	  efficiently	  

7	  

HKUST 
FYTGS Achieving	  Sustainable	  Buildings	  

Powering	  a	  house	  by	  solar	  
photovoltaic	  (PV)	  and	  wind	  

turbine	  

8	  

Roof/wall

Crafts

Sun 
umbrella

Phone 
booth

Back	  
pack 

Organic	  film	  photovoltaic	  cells:	  	  
low	  power	  conversion	  efficiency 

HKUST 
FYTGS Energy	  GeneraNon	  
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Water	  tank 

Turbine	  power	  
generator	  

Greywater	  treatment	  
system 

Rechargeable	  
baiery	  storage 

HKUST 
FYTGS Waster	  Water	  Power	  UNlizaNon	  System	  

9 

Parameter Best	  Reported	   F106KR 
MA-‐R4 MA-‐R5	  

Xylose	  concentraNon	  (g/L) 45 45	   55	   
Ethanol	  producNon	  (g/L) 15.3 16.0	   19.5	   
Xylose	  consumpNon	  rate	  (g/L.h) 1.07 1.49	   2.88	   
Ethanol	  producNvity	  (g/L.h) 0.36 0.50	   1.01	   
Ethanol	  yield	  (g/g) 0.34 0.37	   0.36	   
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Waste	  Biomass	  to	  Ethanol	  Conversion	  HKUST 
FYTGS Waste	  Biomass	  to	  Ethanol	  Conversion	  
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BMS Rechargeable	  baiery 

•  Baiery	  Management	  System	  
(BMS)	  	  
–  Protect	  the	  cells	  or	  the	  baiery	  

from	  damage	  
–  Prolong	  the	  life	  of	  the	  baiery	  	  
–  Maintain	  the	  baiery	  in	  a	  state	  in	  

which	  it	  can	  fulfill	  the	  funcNonal	  
requirements	  of	  the	  applicaNon	  for	  
which	  it	  was	  specified.	  	  

Rechargeable	  Baiery	  

HKUST 
FYTGS Baiery	  Storage	  and	  Management	  
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New	  cathode	  material:	  Lithium	  ferrous	  
phosphate	  prepared	  with	  novel	  procedures	  
(Uniform	  parNcle	  size,	  nearly	  100%	  current	  

efficiency)	  

Lithium	  Ion	  Baiery	  

C12H26O22Mn2Zn 
Precursor 

Spinel	  
ZnMn2O4	  	  

New	  anode	  material:	  Capacity	  is	  75%	  
larger	  than	  the	  theoreNcal	  value	  of	  

graphite	  (372	  mAh/g)	  	  

Volume  ~20% 
Weight  ~20% 

HKUST 
FYTGS Lithium	  Ion	  Baiery	  

12 
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•  Major	  energy	  consumpNon	  devices	  
– Water	  heater	  
– Air	  condiNoner	  
– LighNng	  lamps	  

•  Saving	  energies	  
– Beier	  energy	  insulaNon	  materials	  
– Do	  more	  for	  less	  

HKUST 
FYTGS Energy	  Saving	  Technologies	  
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Possible	  heat	  sources:	  	  
shower	  water,	  refrigerator,	  and	  air	  condiNoner.	  

Heat	  Exchanger 

CHALLENGES:	  Why	  not	  in	  the	  market:	  
(1)	  	  Shower	  water	  heat	  recovery	  system	  is	  
usually	  	  only	  compaNble	  with	  the	  instant	  water	  
heater	  because	  the	  Nme	  lag	  between	  	  water	  
heaNng	  and	  heat	  recovery	  would	  make	  the	  
system	  not	  effecNve.	  
(2)	  	  Refrigerants	  of	  air-‐condiNoners	  and	  
refrigerators	  keep	  flowing	  no	  maier	  whether	  
hot	  water	  is	  required	  at	  a	  certain	  period.	  	  Since	  
heat	  pump	  water	  heater	  takes	  a	  long	  Nme	  to	  
heat	  up	  water,	  it	  is	  not	  easy	  to	  decide	  	  whether	  
the	  heater	  should	  run. 

SOLUTION:	  A	  smart	  control	  system	  integraNng	  the	  algorithm	  of	  
process	  control	  	  is	  employed	  to	  calculate	  the	  opNmal	  acNon	  of	  
the	  water	  heater	  	  based	  on	  informaNon	  retrieved	  from	  
temperature	  sensors,	  flow	  sensors,	  and	  input	  preferences.	  	  	  

HKUST 
FYTGS Water	  Heater	  from	  Heat	  Recovery	  System	  

14 
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Solar	  adsorp.on	  cooling	  system:	  
	  -‐ 	  UNlize	  solar	  energy	  (or	  industrial	  
waste	  heat)	  for	  cooling,	  low	  power	  
consumpNon	  

	  -‐ 	  High	  energy	  efficiency	  
	  -‐ 	  Material	  used	  in	  the	  cooling	  system	  is	  
environmentally	  friendly,	  non-‐toxic,	  
and	  recyclable	  

	  -‐ 	  No	  compressor,	  the	  system	  is	  safer	  
and	  quieter 

New	  composite	  adsorbent 

Compare	  to	  exisNng	  adsorbents,	  our	  new	  
composite	  adsorbent	  	  enables	  greater	  
cooling	  and	  lower	  regeneraNon	  
temperature.	   

First	  generaNon	  prototype 

HKUST 
FYTGS Solar	  AdsorpNon	  Cooling	  System	  
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heat	  exchanger	  	  

adsorber	  

evaporator	  

low	  
pressure	  

hot	  air	  
cool	  air	  

pump	  

recepNon	  region	  

solar	  panel	  

condenser	  

heat	  dissipaNon	  

High	  Brightness	  LED 

Reliability 

Light	  
ExtracNon	  
efficiency 

Heat	  
DissipaNon 

Low	  electric-‐light	  
conversion	  rate,	  
high	  energy	  
consumpNon,	  
high	  temperature 

Thermal	  failure	  
leads	  to	  short	  
applicaNon	  life	  
with	  low	  reliability	  

Technical	  boileneck	  of	  high	  
brightness	  LED	  

MulNlayer	  Phosphor	  NanoparNcles 
•  Improved	  electric-‐light	  conversion	  efficiency 
•  	  Improved	  thermal	  and	  UV	  stability 

Nanocomposite	  encapsulants	  with	   
•  Gradient-‐RI	  for	  high	  light	  extracNon	  efficiency	   
•  NanoparNcles	  for	  high	  thermal	  conducNvity 

Developing	  transparent	  
nanocomposite	  LED	  
encapsulants	  with	  HIGH	  
reflecNve	  index,	  thermal	  
conducNvity,	  thermal/UV	  
stability	  and	  light	  extracNon	  
efficiency	  for	  next	  
generaNon	  of	  LED	  packaging	  
with	  good	  reliability 

High	  Brightness	  LED	  Packaging HKUST 
FYTGS High	  Brightness	  LED	  Packaging	  

16 
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Ice-‐to-‐water	  
phase	  change	  

keeps	  the	  drink	  
at	  0°C	  

Phase	  change	  
materials	  keep	  
the	  building	  
material	  at	  their	  
melNng	  
temperatures	  	  

ConstrucNon	  materials	  with	  
PCM	  capsules	  

A	  house	  with	  PCM	  Building	  
materials	  

Internal	  temp	  of	  the	  house	  	  
with	  PCMs	  (orange	  curve)	  

Smart	  Wall:	  Phase	  Change	  Materials	  (PCMs)	  	  High	  Brightness	  LED	  Packaging HKUST 
FYTGS Smart	  Wall:	  Phase	  Change	  Material	  (PCM)	  

17 

Air	  terminal	  part	  of	  the	  PV	  system 

Our	  personalized	  venNlaNon	  system	  uses	  sensors	  to	  
control	  the	  system	  operaNon,	  and	  applies	  computaNonal	  
fluid	  dynamics	  simulaNon	  to	  further	  enhance	  thermal	  
comfort	  and	  energy	  efficiency.	  

Personalized	  ven.la.on	  (PV)	  strategy:	  	  
-‐	  supplies	  condiNoned	  fresh	  air	  directly	  to	  
the	  occupants	  
-‐	  able	  to	  integrate	  senor	  technology	  to	  
consider	  individual	  comfort	  need	  
-‐	  energy	  saving	  and	  enhance	  health	  and	  
comfort 

PV	  can	  reduce	  the	  health	  risk	  toward	  indoor	  air	  
contaminant 

Tradi.onal	  ven.la.on	  strategy	   Personalized	  ven.la.on	  strategy	  
Air	  terminal	  device	  

Thermal	  comfort	  
percepNon	  zone	  

Personalized	  VenNlaNon High	  Brightness	  LED	  Packaging HKUST 
FYTGS Personalized	  VenNlaNon	  

18 
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•  Occupants	  should	  not	  compromise	  the	  comfort	  they	  have	  
enjoyed	  

•  Occupants	  should	  spend	  minimal	  efforts	  in	  operaNng	  the	  
building	  

•  Smart	  resource	  management	  system	  
–  Sensors:	  monitor	  various	  building	  condiNons,	  environments,	  etc.	  
–  Actuators:	  control	  various	  devices	  in	  the	  building	  
–  Control	  System:	  based	  on	  collected	  sensory	  data	  and	  other	  historical	  

data	  to	  provide	  customized	  service	  through	  actuators	  
–  Wired	  and	  wireless	  networking	  
–  Storage	  of	  relevant	  data	  (cloud	  compuNng)	  
–  Energy-‐efficient	  design	  and	  operaNon	  

19	  

HKUST 
FYTGS How	  IT	  Can	  Help	  in	  Green	  Buildings	  

Making	  Green	  Buildings	  SMART!	  

Window	  
surveillance	  

Alarm	  FuncNon	  

Gate	  surveillance	  

Shuier	  
control	  

Appliance	  
management	  

Movement	  
detector	  

HeaNng	  
control	  

Light	  control	  
Asset	  	  

monitoring	  

VenNlaNon	  
control	  

Health	  
monitoring	  

Temperature	  (air	  
condiNon)	  	  control	  

Blood	  pressure	  
monitoring	  

Heartbeat	  
monitoring	  

Smart	  Sensing/Monitoring	  
Environment	  monitoring	  /

warning	  	  
(Security	  guard	  and	  asset	  

tracking)	  	  

Comfort	  
monitoring/

tuning	  

High	  Brightness	  LED	  Packaging HKUST 
FYTGS Smart	  Sensing	  and	  Monitoring	  

20 
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•  HeaNng,	  VenNlaNon	  and	  Air	  CondiNoning	  (HVAC)	  control	  	  
–  temperature	  and	  humidity	  control	  
–  Chilled	  and	  hot	  water	  control	  

•  LighNng	  control	  system	  
–  automaNcally	  turn	  on	  or	  off	  the	  lights	  based	  on	  some	  predefined	  

condiNons	  
–  control	  the	  brightness/color	  of	  the	  lights	  according	  to	  the	  level	  of	  ambient	  

light	  available,	  or	  other	  criteria	  
–  natural	  lighNng	  control	  involves	  controlling	  window	  shades,	  LCD	  shades,	  

draperies	  and	  awnings	  
•  Security	  control	  system	  

–  DetecNon	  of	  possible	  intrusion	  
–  DetecNon	  of	  opened	  windows,	  gates,	  garage	  doors	  
–  DetecNon	  of	  fire,	  gas	  leaks,	  water	  leaks	  
–  Precise	  and	  safe	  closing	  of	  blinds	  

21	  

HKUST 
FYTGS Possible	  SoluNons	  

•  Environment	  monitoring	  system	  
–  Monitoring	  of	  building	  structure	  health	  
–  Monitoring	  of	  indoor	  and	  outdoor	  air	  quality	  
–  Monitoring	  of	  water	  quality	  

•  Healthcare	  monitoring	  system	  
–  Personal	  vital	  sign	  collecNon	  and	  monitoring	  
–  Medical	  alert	  and	  assistant	  	  
–  Elderly	  and	  baby	  monitoring	  	  
–  Food	  safety	  monitoring	  	  

•  Resource	  usage	  monitoring	  system	  
•  Others	  

–  Solar	  panel	  control	  
–  A	  smart	  radio	  such	  that	  different	  wireless	  	  technologies	  not	  only	  can	  coexist	  but	  

also	  cooperate/communicate	  with	  each	  other? 
–  Smart	  placement	  of	  APs,	  appliances,	  devices,	  etc.	  
–  Coffeemaker,	  plant	  watering,	  pet	  feeding,	  etc.	  
–  Energy	  consumpNon	  of	  control/sensing	  systems	  

22	  

HKUST 
FYTGS Possible	  SoluNons	  
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OpNmal	  strategy	  to	  
use	  the	  resources 

Abnormal	  detecNon Excessive	  resource	  and	  money	  
wastage	  can	  be	  prevented! 

Perform	  real-‐Nme	  staNsNcal	  monitoring	  on	  
various	  building	  parameters,	  such	  as	  water,	  
electricity,	  and	  greenhouse	  gas	  emission.	  
•  OpNmal	  strategy	  to	  use	  the	  resources	  will	  be	  

obtained	  
•  Abnormal	  state	  will	  be	  detected	  
•  Excessive	  resource	  wastage	  can	  be	  prevented	  

Sta.s.cal	  process	  monitoring:	  
(Real-‐.me) 

High	  Brightness	  LED	  Packaging HKUST 
FYTGS Smart	  Resource	  Management	  System	  

23 

Energy	  generaNon	  and	  
saving	   Smart	  monitoring	  

Solar	  energy	  
collector	  

Solar	  energy	  
for	  night	  
lighNng	  

Disk	  solar	  
energy	  
collector	  

Photovoltaic	  
system	  

Water	  
environment	  
monitoring,	  

energy	  recycling	  

Energy	  saving	  
and	  lighNng	  for	  

basement	  

Gas	  emission	  
esNmaNon,	  

energy	  recycling	  

Energy	  recycling,	  water	  
environment	  management,	  
gas	  emission	  esNmaNon	  	  

Planted	  roof,	  water	  
environment	  monitoring,	  

energy	  recycling	  

High	  Brightness	  LED	  Packaging HKUST 
FYTGS Smart	  Green	  Building:	  A	  Big	  Picture	  

24 
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Welcome your 
participation 

and 
contribution! 

25 


