
Load fol lows generat ion: the new paradigm for 
future  power system control  in  presence of  high 
penetrat ion of  var iable  renewable  resources

In the 130 years  s ince the invent ion of  the legacy e lectr ic  power system concept , e lectr ica l  generat ion 
has  been adjusted to match e lectr ica l  consumption  ( i .e . , the " load")  as  i t  var ies  throughout  the t ime 
of  day and seasons.  This  "generat ion fol lows load" paradigm is  a  major  roadblock to the large-scale 
incorporat ion of  renewable  energ y into the nat ional  power gr id s ince energ y sources  such as  wind and 
solar  provide inconsistent , var iable  power that  cannot  eas i l y  be control led to fo l low consumption. As a 
resul t , today 's  centra l l y  planned and control led power system design is  no longer  adequate. This  paper 
i s  to  introduce a  new control  approach to enable  a  " load fol lows generat ion" paradigm where a  f lex ible  
engineered system with distr ibuted control  at  the users '  s i tes  wi l l  revolut ionize the power industr y. 
Customers  wi l l  be  able  to  generate  power on-s i te, purchase power f rom a var iety  of  sources  ( inc luding 
each other) , se l l  power back to the gr id, se lect  the level  of  the supply  re l iabi l i t y  they wish to purchase, 
and choose how to manage their  e lectr ic i t y  use.  The resul t ing solut ion wi l l  make the e lectr ic i t y  gr id 
s ignificant ly  more ef f ic ient  and robust  by fac i l i tat ing  extensive  use  of  renewable  energ y sources  and 
reducing end-use losses  in  the system. W ith renewable  energ y sources  widely  distr ibuted (e.g. , roof-
top solar  panels  and wind farms) , the proposed approach wi l l  a l low exchange of  power among ut i l i t ies , 
market  ser v ice  providers , consumers , and aggregators  (ser v ices  represent ing many loads) , and a lso a l low 
power exchange within a  customer s i te.  
 
By incorporat ing this  f lex ibi l i t y  into their  operat ions, ut i l i t ies  wi l l  be  able  to  adjust  the overa l l  load 
they must  ser ve  to  match avai lable  power. This  " load fol lows generat ion" approach is  essent ia l  to  a l low 
unhindered inc lus ion of  low-emiss ion renewables  in  the e lectr ic i t y  gr id. At the same t ime i t  makes 
consumers  act ive  agents  in  the energ y exchange. 
  
Ear l ier  research addressed discrete  aspects  of  the sc ient i f ic  chal lenges , but  the new approach ca l led 
F lexible  Load Energ y eXchange (FLEX) wi l l  provide the system-level ,  hol i s t ic  approach to achieve 
i t s  v is ion.  The overarching goal  i s  to  develop the sc ience, technolog y, and control  system design 
required to enable  energ y exchange between the customer and other  par t ies  in  the e lectr ic i t y  energ y 
exchange ecosystem to unlock the huge potent ia l  of  renewable  generat ion. A centra l  impediment i s  the 
s tochast ic  var iabi l i t y  of  renewable  energ y sources  such as  wind and solar, prompting some to quest ion 
i f  dependence on renewable  sources  wi l l  ever  be v iable. Even when wind (which tends to produce at 
night)  and solar  (produced dur ing the day)  are  combined, severe  var iat ions  in generat ion require  huge 
adjustments  ( termed "ramping" within the industr y) , and spinning (on-l ine)  reser ves  us ing conventional 
generat ion.  This  paper  explores  the miss ing  cr i t ica l  component  of  smar t  gr id development: smar t  and 
f lexible  loads . In addit ion, power interrupt ions, which are  of ten caused by generat ion/ load imbalances 
or  faul ts  on end-user  radia l  connect ions, wi l l  be  great ly  reduced in a  FLEX-enabled power gr id by on-
s i te  or  a l ternate  customer generat ion. FLEX wil l  a l so enable  customer par t ic ipat ion to create  new market 
arrangements , such as  wholesa le  and reta i l  opt ions, and incent ives  to  increase  energ y ef f ic iency not 
previous ly  avai lable.
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