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Abstract:	
  

The	
  success	
  of	
  modernizing	
  the	
  U.S.	
  electrical	
  grid	
  depends	
  on	
  research,	
  
engineering,	
  and	
  policy,	
  but	
  also,	
  on	
  the	
  education	
  and	
  acceptance	
  of	
  electricity	
  
consumers.	
  In	
  this	
  paper	
  we	
  introduce	
  K-­‐12	
  power	
  engineering	
  education	
  
curriculum	
  material	
  that	
  focuses	
  the	
  benefits	
  and	
  challenges	
  that	
  come	
  with	
  
integrating	
  renewable	
  resources	
  and	
  the	
  impact	
  of	
  energy	
  storage	
  technology.	
  The	
  
curriculum	
  aims	
  to	
  provide	
  information	
  about	
  current	
  and	
  future	
  electricity	
  
generation	
  and	
  delivery	
  systems	
  and	
  to	
  engage	
  students	
  who	
  may	
  pursue	
  careers	
  in	
  
related	
  industries.	
  	
  

An	
  interactive	
  java	
  applet	
  (see	
  Fig.	
  1)	
  and	
  related	
  lessons	
  allow	
  students	
  explore	
  
effects	
  on	
  the	
  power	
  system	
  as	
  communities	
  demand	
  more	
  power	
  and	
  wind	
  
generation	
  is	
  added	
  or	
  increased.	
  	
  They	
  can	
  also	
  investigate	
  how	
  the	
  availability	
  of	
  
large-­‐scale	
  energy	
  storage	
  allows	
  for	
  the	
  efficient	
  use	
  of	
  intermittent	
  energy	
  sources	
  
like	
  wind	
  and	
  solar.	
  	
  The	
  simulation	
  helps	
  students	
  understand	
  some	
  of	
  the	
  
complexities	
  of	
  the	
  power	
  grid	
  of	
  the	
  future.	
  	
  The	
  lessons	
  allow	
  students	
  to	
  compare	
  
residential,	
  commercial	
  and	
  industrial	
  demand	
  and	
  to	
  consider	
  how	
  past	
  behaviors	
  
allow	
  power	
  professionals	
  to	
  predict	
  future	
  use.	
  	
  Students	
  can	
  consider	
  wind	
  
variability,	
  transmission	
  needs,	
  system	
  costs	
  and	
  CO2	
  emissions,	
  and	
  how	
  the	
  
availability	
  of	
  energy	
  storage	
  may	
  impact	
  the	
  system.	
  

The	
  course	
  materials	
  have	
  been	
  used	
  successfully	
  in	
  classrooms	
  and	
  in	
  community	
  
events	
  throughout	
  the	
  nation.	
  During	
  the	
  past	
  year,	
  there	
  were	
  over	
  24,000	
  visits	
  to	
  
the	
  websites	
  associated	
  with	
  the	
  curriculum.	
  Teachers	
  from	
  several	
  states	
  have	
  
adopted	
  the	
  materials	
  for	
  their	
  classes.	
  Power	
  utilities	
  and	
  environmental	
  groups	
  
are	
  also	
  interested	
  in	
  our	
  materials	
  for	
  customer	
  education.	
  The	
  materials	
  are	
  
available	
  from	
  the	
  project	
  website.2	
  

This	
  paper	
  provides	
  examples	
  of	
  the	
  materials	
  and	
  discusses	
  the	
  major	
  engineering	
  
concepts	
  associated	
  with	
  them.	
  We	
  also	
  discuss	
  our	
  continuing	
  efforts	
  to	
  
disseminate	
  these	
  materials	
  to	
  educators	
  around	
  the	
  world	
  and	
  outline	
  future	
  plans	
  
for	
  further	
  development	
  and	
  dissemination.	
  

	
  

_________________________________	
  
1 tcipg.org	
  
2 tcipg.mste.illinois.edu 

	
  

	
  

Submitted for publication. Author Copy - do not redistribute.



	
  

I.	
  Introduction	
  and	
  Motivation	
  

Recent	
  media	
  attention	
  has	
  increased	
  awareness	
  of	
  the	
  need	
  for	
  an	
  intelligent,	
  
resilient,	
  cyber	
  secure	
  electricity	
  production	
  and	
  delivery	
  system.	
  	
  This	
  vision	
  has	
  
come	
  to	
  be	
  known	
  as	
  the	
  “smart	
  grid.”	
  	
  Illinois	
  researchers,	
  as	
  part	
  of	
  a	
  large	
  
Department	
  of	
  Energy/Department	
  of	
  Homeland	
  Security	
  funded	
  research	
  program,	
  
Trustworthy	
  Cyber	
  Infrastructure	
  for	
  the	
  Power	
  Grid1	
  (TCIPG),	
  are	
  working	
  with	
  
others	
  at	
  Dartmouth	
  College,	
  Cornell	
  University,	
  University	
  of	
  California	
  at	
  Davis,	
  
and	
  Washington	
  State	
  University	
  to	
  protect	
  the	
  nation's	
  power	
  grid	
  by	
  significantly	
  
improving	
  the	
  infrastructure,	
  making	
  it	
  more	
  secure,	
  reliable,	
  and	
  safe.	
  	
  	
  

TCIPG	
  educators	
  and	
  researchers	
  have	
  developed	
  five	
  interactive	
  Java	
  applets2	
  and	
  
curriculum	
  materials,	
  appropriate	
  for	
  middle	
  school	
  grades	
  and	
  higher,	
  that	
  involve	
  
young	
  people	
  in	
  virtual	
  power	
  systems	
  simulations.	
  	
  The	
  curriculum	
  provides	
  
information	
  about	
  current	
  and	
  future	
  electricity	
  generation	
  and	
  delivery	
  systems	
  
and	
  engages	
  students	
  who	
  may	
  pursue	
  careers	
  in	
  related	
  industries.	
  	
  These	
  
materials	
  have	
  been	
  used	
  successfully	
  in	
  classrooms	
  and	
  in	
  community	
  events	
  
throughout	
  the	
  nation.	
  	
  During	
  the	
  past	
  year	
  there	
  were	
  over	
  24,000	
  visits	
  to	
  these	
  
websites.	
  	
  Teachers	
  from	
  several	
  states	
  have	
  contacted	
  us	
  as	
  they	
  use	
  the	
  materials	
  
with	
  their	
  students.	
  	
  Power	
  utilities	
  and	
  environmental	
  groups	
  have	
  asked	
  
permission	
  to	
  use	
  our	
  materials	
  to	
  educate	
  their	
  customers.	
  	
  The	
  Department	
  of	
  
Energy’s	
  Office	
  of	
  Electricity	
  Delivery	
  and	
  Energy	
  Reliability	
  has	
  featured	
  the	
  applets	
  
and	
  lessons	
  on	
  their	
  website3.	
  	
  	
  Engineers,	
  as	
  a	
  group,	
  are	
  interested	
  and	
  involved	
  in	
  
education	
  in	
  their	
  local	
  communities.	
  	
  They	
  have	
  used	
  our	
  materials	
  as	
  resources	
  to	
  
help	
  educate	
  children	
  and	
  the	
  public	
  at	
  large	
  about	
  the	
  important	
  work	
  they	
  are	
  
doing.	
  	
  Our	
  materials	
  have	
  been	
  popular	
  with	
  visitors	
  of	
  all	
  ages	
  at	
  Illinois’s	
  College	
  
of	
  Engineering’s	
  annual	
  Engineering	
  Open	
  House.	
  

To	
  facilitate	
  greater	
  understanding	
  of	
  existing	
  and	
  emerging	
  issues	
  related	
  to	
  the	
  
design	
  and	
  operation	
  of	
  the	
  power	
  grid,	
  the	
  authors	
  have	
  worked	
  over	
  the	
  past	
  
several	
  years	
  to	
  develop	
  a	
  suite	
  of	
  interactive,	
  visually	
  compelling	
  lessons	
  
accompanied	
  by	
  student	
  and	
  teacher	
  resources	
  [1]-­‐[3].	
  	
  Interactive	
  lessons	
  foster	
  
engagement	
  and	
  learning	
  and	
  have	
  been	
  shown	
  to	
  be	
  effective	
  for	
  engineering	
  
design	
  projects	
  [4],	
  computer-­‐aided	
  design	
  [5],	
  acoustics	
  [6],	
  and	
  has	
  been	
  
particularly	
  effective	
  in	
  engaging	
  women	
  and	
  minority	
  students	
  [7].	
  Supplementing	
  
the	
  interactive	
  applets	
  with	
  supporting	
  print	
  materials	
  for	
  both	
  students	
  and	
  
teachers	
  is	
  also	
  a	
  key	
  component.	
  	
  This	
  changes	
  the	
  activity	
  from	
  a	
  less-­‐effective	
  
“pure	
  discovery”	
  [8]	
  methodology,	
  in	
  which	
  students	
  are	
  asked	
  to	
  extract	
  meaning	
  
on	
  their	
  own,	
  to	
  the	
  more-­‐effective	
  “guided	
  discovery”	
  [9],	
  in	
  which	
  students’	
  
explorations	
  are	
  assisted	
  by	
  expert	
  advice	
  in	
  the	
  form	
  of	
  teacher	
  instruction	
  along	
  
with	
  supplementary	
  written	
  and	
  audiovisual	
  material.	
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II.	
  Wind	
  and	
  Storage	
  Curriculum	
  

Increasing	
  the	
  amount	
  of	
  electricity	
  generated	
  from	
  renewable	
  energy	
  sources	
  has	
  
become	
  a	
  major	
  policy	
  priority	
  for	
  many	
  countries	
  around	
  the	
  world,	
  and	
  wind	
  and	
  
solar	
  are	
  providing	
  more	
  energy	
  every	
  year.	
  	
  These	
  resources	
  are	
  domestic	
  and	
  do	
  
not	
  rely	
  on	
  fossil	
  fuels,	
  but	
  come	
  with	
  potential	
  challenges.	
  To	
  help	
  students	
  (and	
  
the	
  public	
  at	
  large)	
  better	
  understand	
  some	
  of	
  these	
  challenges,	
  we	
  have	
  developed	
  
a	
  set	
  of	
  interactive	
  lessons	
  focused	
  on	
  the	
  integration	
  of	
  wind	
  generation	
  into	
  the	
  
power	
  grid.	
  

The	
  curriculum	
  explores	
  issues	
  related	
  to	
  generation,	
  demand,	
  and	
  transmission	
  of	
  
electricity.	
  	
  When	
  the	
  applet	
  opens,	
  a	
  coal	
  powered	
  generator	
  and	
  a	
  natural	
  gas	
  
generator	
  are	
  available	
  to	
  deliver	
  electricity	
  to	
  three	
  communities,	
  but	
  only	
  the	
  coal	
  
generator	
  is	
  producing.	
  	
  The	
  wind	
  farm	
  is	
  not	
  yet	
  connected	
  to	
  the	
  system.	
  	
  As	
  the	
  
demand	
  from	
  the	
  communities	
  changes	
  over	
  a	
  24-­‐hour	
  period,	
  the	
  generators	
  adjust	
  
their	
  power	
  production.	
  	
  Fuel	
  costs	
  and	
  carbon	
  dioxide	
  (CO2)	
  emissions	
  per	
  hour	
  for	
  
each	
  of	
  the	
  generators	
  is	
  shown.	
  	
  The	
  total	
  peak	
  demand	
  for	
  the	
  communities	
  is	
  set	
  
to	
  be	
  750	
  MW.	
  	
  There	
  are	
  buttons	
  for	
  plotting	
  graphs	
  that	
  show	
  costs,	
  emissions,	
  
available	
  wind	
  power,	
  branch	
  flow,	
  load	
  and	
  generation.	
  

To	
  help	
  students	
  to	
  explore	
  the	
  complex	
  power	
  grid	
  of	
  the	
  future,	
  the	
  simulation	
  
includes	
  the	
  following	
  components	
  (see	
  Fig.	
  1):	
  

• Residential,	
  commercial,	
  and	
  industrial	
  load	
  centers	
  that	
  each	
  illustrate	
  
typical	
  daily	
  load	
  variations	
  	
  
	
  

• Coal	
  and	
  natural	
  gas	
  facilities	
  that	
  represent	
  established	
  generation	
  
resources.	
  	
  Each	
  has	
  a	
  capacity	
  of	
  1500	
  MW	
  
	
  

• A	
  wind	
  farm	
  with	
  output	
  power	
  that	
  follows	
  a	
  daily	
  pattern	
  based	
  on	
  
measured	
  wind	
  speed	
  data	
  
	
  

• A	
  storage	
  device	
  with	
  100	
  MW	
  capacity	
  and	
  energy	
  limitation	
  of	
  1000	
  MWh	
  
	
  

• Transmission	
  lines	
  connecting	
  these	
  components	
  
	
  

• Three	
  system	
  parameters	
  can	
  be	
  changed	
  interactively	
  by	
  manipulating	
  
sliders	
  on	
  the	
  main	
  applet	
  window:	
  

Peak	
  community	
  power	
  demand:	
  	
  demand	
  at	
  each	
  of	
  the	
  three	
  load	
  centers	
  
can	
  be	
  scaled	
  so	
  that	
  the	
  peak	
  demand	
  varies	
  from	
  250	
  to	
  5000	
  MW.	
  

Wind	
  power	
  capacity:	
  	
  the	
  maximum	
  output	
  of	
  the	
  wind	
  farm,	
  
corresponding	
  to	
  the	
  period	
  of	
  peak	
  wind	
  speed	
  on	
  the	
  system,	
  can	
  be	
  scaled	
  
from	
  195	
  MW	
  to	
  3902	
  MW.	
  



Capacity	
  of	
  the	
  transmission	
  line	
  from	
  Substation	
  1	
  to	
  Substation	
  2:	
  	
  this	
  
transmission	
  line	
  connects	
  the	
  wind	
  farm	
  and	
  the	
  storage	
  device	
  to	
  the	
  load	
  	
  

Examples	
  of	
  challenge	
  questions	
  from	
  the	
  student	
  pages	
  are	
  below:	
  

• Watch	
  the	
  clock	
  and	
  notice	
  how	
  the	
  demand	
  from	
  the	
  communities	
  changes	
  
throughout	
  the	
  day.	
  	
  What	
  do	
  you	
  see?	
  	
  At	
  what	
  times	
  is	
  the	
  power	
  demand	
  
from	
  the	
  residential	
  load	
  lowest?	
  	
  When	
  is	
  it	
  highest?	
  	
  At	
  what	
  times	
  are	
  the	
  
power	
  demands	
  from	
  the	
  commercial	
  load	
  and	
  industrial	
  load	
  lowest	
  and	
  
highest?	
  
	
  

• The	
  power	
  utility	
  wants	
  to	
  provide	
  electricity	
  to	
  its	
  customers	
  at	
  the	
  lowest	
  
cost.	
  	
  It	
  is	
  also	
  concerned	
  about	
  climate	
  change	
  and	
  wants	
  to	
  keep	
  its	
  CO2	
  
emissions	
  as	
  low	
  as	
  possible,	
  so	
  it	
  wants	
  to	
  add	
  wind	
  power	
  generation.	
  	
  The	
  
site	
  with	
  good	
  wind	
  resources	
  is	
  some	
  distance	
  from	
  the	
  communities	
  so	
  the	
  
utility	
  needs	
  transmission	
  lines	
  to	
  connect	
  to	
  it.	
  	
  Click	
  on	
  the	
  switch	
  to	
  close	
  
the	
  line	
  between	
  substation	
  1	
  and	
  substation	
  2.	
  	
  How	
  much	
  power	
  does	
  the	
  
wind	
  farm	
  contribute	
  to	
  the	
  communities?	
  	
  How	
  does	
  this	
  affect	
  the	
  costs	
  and	
  
emissions?	
  
	
  

• Notice	
  the	
  slider	
  for	
  Wind	
  farm	
  capacity.	
  	
  The	
  wind	
  farm's	
  capacity	
  is	
  195	
  
MW	
  when	
  the	
  applet	
  opens.	
  	
  This	
  slider	
  sets	
  the	
  maximum	
  power	
  the	
  wind	
  
farm	
  can	
  produce	
  under	
  perfect	
  wind	
  conditions.	
  	
  The	
  power	
  utility	
  could	
  
increase	
  the	
  wind	
  farm	
  capacity	
  by	
  building	
  more	
  turbines.	
  	
  What	
  changes	
  
when	
  you	
  move	
  this	
  slider?	
  	
  How	
  does	
  the	
  plot	
  showing	
  system	
  costs	
  change	
  
when	
  wind	
  is	
  added	
  to	
  the	
  system?	
  

	
  

• The	
  utility	
  wants	
  to	
  be	
  prepared	
  for	
  the	
  peak	
  community	
  demand	
  to	
  increase	
  
to	
  1250	
  MW	
  in	
  the	
  near	
  future.	
  	
  It	
  also	
  wants	
  to	
  optimize	
  wind	
  power	
  
generation	
  and	
  keep	
  CO2	
  emissions	
  below	
  1000	
  tons	
  CO2/hr.	
  	
  What	
  is	
  the	
  
ideal	
  size	
  for	
  the	
  trans-­‐	
  mission	
  line	
  from	
  substation	
  1	
  to	
  2	
  if	
  the	
  wind	
  farm	
  
capacity	
  re-­‐	
  mains	
  at	
  195	
  MW?	
  	
  Close	
  the	
  line	
  between	
  Substation	
  1	
  and	
  the	
  
Storage	
  Device.	
  	
  How	
  does	
  the	
  availability	
  of	
  storage	
  affect	
  the	
  needed	
  
transmission	
  line	
  size?	
  

III.	
  Outreach	
  Efforts	
  and	
  Social	
  Impact	
  

A.	
  Web	
  accessible	
  

To	
  ensure	
  that	
  the	
  developed	
  materials	
  reach	
  the	
  widest	
  possible	
  audience,	
  all	
  of	
  the	
  
lessons	
  are	
  freely	
  available	
  from	
  the	
  University	
  of	
  Illinois’s	
  Office	
  of	
  Mathematics,	
  
Science,	
  and	
  Technology	
  Education	
  (MSTE)	
  website.	
  	
  We	
  also	
  maintain	
  an	
  up-­‐to-­‐date	
  
collection	
  of	
  the	
  applets	
  for	
  offline	
  usage.	
  

B.	
  	
  Museum	
  exhibit	
  



We	
  have	
  been	
  collaborating	
  with	
  the	
  Orpheum	
  Children’s	
  Science	
  Museum	
  in	
  
Champaign,	
  IL	
  on	
  an	
  exhibit	
  entitled	
  “Mission	
  Smart	
  Grid”	
  (See	
  Fig.	
  2).	
  	
  Museum	
  
visitors	
  are	
  invited	
  to	
  become	
  members	
  of	
  the	
  “Smart	
  Grid	
  Tech	
  Force”	
  and	
  are	
  
offered	
  a	
  mission	
  related	
  to	
  securing	
  the	
  power	
  grid.	
  	
  Tech	
  Force	
  candidates	
  visit	
  
various	
  training	
  centers	
  and	
  workshop	
  areas	
  located	
  throughout	
  the	
  museum	
  to	
  
learn	
  about	
  electricity	
  production	
  and	
  transmission.	
  The	
  main	
  “Control	
  Center”	
  is	
  a	
  
72	
  in.	
  SMARTboard	
  that	
  features	
  the	
  interactive	
  lessons	
  developed	
  by	
  our	
  team.	
  

C.	
  Project	
  Lead	
  the	
  Way	
  Curriculum	
  

Project	
  Lead	
  the	
  Way,	
  the	
  largest	
  non-­‐profit	
  provider	
  of	
  science,	
  technology,	
  
engineering,	
  and	
  mathematics	
  education	
  programs,	
  has	
  incorporated	
  these	
  
interactive	
  lessons	
  into	
  its	
  most	
  recent	
  middle	
  school	
  curriculum	
  [10].	
  	
  In	
  2010,	
  
twenty-­‐three	
  affiliate	
  universities,	
  representing	
  as	
  many	
  states,	
  offered	
  Project	
  Lead	
  
the	
  Way’s	
  two-­‐week	
  summer	
  professional	
  development	
  institutes	
  for	
  middle	
  school	
  
teachers	
  introducing	
  the	
  new	
  Energy	
  and	
  the	
  Environment	
  module.	
  	
  Students	
  at	
  
approximately	
  1000	
  middle	
  schools	
  are	
  receiving	
  this	
  curriculum	
  beginning	
  in	
  the	
  
2010-­‐2011	
  school	
  year.	
  	
  The	
  Energy	
  and	
  Environment	
  module	
  continues	
  to	
  be	
  
offered	
  at	
  PLTW	
  summer	
  institutes.	
  

D.	
  Conferences	
  and	
  Public	
  Workshops	
  

Reaching	
  students	
  directly	
  can	
  be	
  difficult,	
  so	
  another	
  major	
  component	
  of	
  our	
  
outreach	
  efforts	
  is	
  to	
  take	
  the	
  lessons	
  we	
  have	
  developed	
  to	
  math	
  and	
  science	
  
teacher	
  conferences	
  and	
  get	
  teachers	
  engaged	
  in	
  this	
  area.	
  The	
  lessons	
  have	
  also	
  
been	
  demonstrated	
  in	
  a	
  variety	
  of	
  public	
  forums,	
  such	
  as	
  the	
  University	
  of	
  Toronto	
  
Sustainable	
  Energy	
  Fair.	
  

E.	
  Measuring	
  Success	
  

Because	
  of	
  the	
  many	
  different	
  avenues	
  through	
  which	
  we	
  distribute	
  the	
  work	
  
described	
  here,	
  developing	
  effective	
  metrics	
  for	
  success	
  is	
  challenging.	
  	
  Because	
  the	
  
free	
  accessibility	
  of	
  the	
  materials	
  is	
  a	
  key	
  aspect	
  of	
  our	
  work,	
  we	
  use	
  detailed	
  weekly	
  
and	
  monthly	
  reports	
  to	
  gauge	
  the	
  impact	
  of	
  the	
  materials.	
  	
  Since	
  its	
  inauguration,	
  50,	
  
609	
  people	
  have	
  visited	
  our	
  web	
  site,	
  among	
  which	
  34,609	
  are	
  unique	
  visitors.	
  Fig.	
  3	
  
shows	
  the	
  number	
  of	
  visitors	
  from	
  Jan.	
  10,	
  2011	
  to	
  Jan.	
  10,	
  2012	
  in	
  the	
  past	
  year.	
  In	
  
Table	
  1	
  and	
  Table	
  2,	
  we	
  show	
  the	
  statics	
  on	
  domestic	
  and	
  international	
  web	
  access,	
  
respectively.	
  

We	
  are	
  also	
  working	
  to	
  develop	
  a	
  more	
  formal	
  method	
  of	
  evaluating	
  the	
  impact	
  of	
  
the	
  lessons	
  on	
  student	
  learning,	
  but	
  these	
  efforts	
  are	
  still	
  at	
  the	
  planning	
  stage.	
  

As	
  future	
  work,	
  we	
  intend	
  to	
  develop	
  more	
  interactive	
  and	
  enjoyable	
  applets	
  for	
  
students	
  to	
  merge	
  in	
  the	
  learning	
  environment.	
  One	
  of	
  the	
  prospective	
  topics	
  is	
  to	
  
use	
  a	
  game-­‐based	
  applet	
  to	
  illustrate	
  multi-­‐user	
  demand	
  response.	
  Students	
  can	
  use	
  
the	
  control	
  panel	
  on	
  their	
  loaded	
  program	
  to	
  choose	
  strategically	
  appliances	
  to	
  turn	
  
on/off	
  and	
  the	
  level	
  of	
  storage	
  and	
  renewable	
  energy	
  generation	
  at	
  each	
  household.	
  
The	
  decisions	
  made	
  by	
  students	
  will	
  affect	
  the	
  market	
  price	
  due	
  to	
  the	
  balance	
  of	
  



supply	
  and	
  demand.	
  Hence	
  one	
  student’s	
  electricity	
  consumption	
  can	
  influence	
  the	
  
electricity	
  bill	
  of	
  the	
  others	
  through	
  the	
  market	
  price.	
  Students	
  are	
  told	
  to	
  minimize	
  
their	
  electricity	
  bill	
  and	
  maximize	
  their	
  energy	
  efficiency.	
  The	
  goal	
  of	
  the	
  game	
  is	
  to	
  
show	
  (1)	
  how	
  the	
  market	
  works	
  due	
  to	
  the	
  relation	
  of	
  supply	
  and	
  demand,	
  (2)	
  how	
  
renewable	
  energies,	
  storage	
  and	
  real-­‐time	
  pricing	
  can	
  help	
  save	
  energy	
  and	
  increase	
  
energy	
  efficiency.	
  Students	
  can	
  learn	
  and	
  interact	
  with	
  each	
  other	
  using	
  this	
  applet.	
  
This	
  can	
  provide	
  students	
  a	
  higher-­‐level	
  picture	
  of	
  the	
  power	
  system	
  and	
  market.	
  A	
  
sketch	
  of	
  the	
  applet	
  between	
  two	
  students	
  A	
  and	
  B	
  is	
  illustrated	
  in	
  Fig.	
  5.	
  

 

 

 

 

 

Fig. 1 Simulation environment for wind and storage interactive lessons 

 



 

 

Fig. 3 The Orpheum children’s museum’s “Mission Smart Grid” exhibit 

 

 

Fig. 4  Number of visitors from Jan. 10, 2010 to Jan. 10, 2011. 

 

 

 

 



Table 1: Statistics on domestic web access 

 

 

 

Table 2: Statistics on international web access 

 

 

Fig.	
  5	
  	
  A	
  sketch	
  of	
  the	
  applet	
  interface	
  for	
  students	
  A	
  and	
  B	
  to	
  interact	
  with	
  each	
  
other.	
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