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Integrating	
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ì  …	
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How	
  “normal”	
  agents	
  make	
  a	
  living	
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• Two-­‐sides	
  markets	
  
• Day-­‐ahead,	
  intraday,	
  forward,	
  …	
  

“Bulk”	
  
energy	
  

• One-­‐side	
  markets/mechanisms	
  
• Reserve,	
  balancing,	
  …	
  Flexibility	
  

• One-­‐side	
  markets/mechanisms	
  
• CRMs	
  (including	
  “energy-­‐only”	
  mkts.)	
  Adequacy	
  

Coherent design: 
All price signals have to 
be coherent 
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  balance	
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E.g.	
  low	
  energy	
  prices	
  
and	
  high	
  reserve	
  prices	
  
signal	
  that	
  energy	
  
generation	
  must	
  be	
  
reduced	
  in	
  order	
  to	
  
provide	
  reserves.	
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  balance	
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E.g.	
  balancing	
  costs	
  
incentivize	
  real-­‐time	
  
forecasting	
  and	
  control.	
  



Distorting	
  prices	
  is	
  inefficiency	
  

ì  E.g.	
  heavily	
  
subsidizing	
  day-­‐ahead	
  
energy	
  as	
  exemp=ng	
  
from	
  balancing	
  costs.	
  

9 



Distorting	
  prices	
  is	
  inefficiency	
  

10 

Price NL Price DEPrice FR

Nuclear

Lignite

Hard Coal

Wind

Gas

PV

Exports

Price = 0

Freitag Samstag Sonntag Montag

Imports

Negative prices in Germany 
with high in-feed of wind and 
solar 



Distorting	
  prices	
  is	
  inefficiency	
  

11 

Price NL Price DEPrice FR

Nuclear

Lignite

Hard Coal

Wind

Gas

PV

Exports

Price = 0

Freitag Samstag Sonntag Montag

Imports

Negative prices in Germany 
with high in-feed of wind and 
solar 



RES	
  can	
  do	
  better	
  than	
  just	
  making	
  energy	
  

ì  It	
  is	
  easy	
  to	
  
control	
  reserves,	
  
ramps,	
  et	
  
caetera.	
  
ì  But	
  it	
  requires	
  

energy	
  spillage.	
  
ì  It	
  is	
  efficient	
  

when	
  energy	
  
price	
  is	
  low.	
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calculates and sends the commands 
for each inverter individually to 
lower its output to achieve the 
desired set point, using a closed-
loop control mechanism. Note that, 
in some cases the plant controller 
will turn off certain inverters to 
achieve this desired set point since 
the output of each inverter cannot 
be lowered below a certain thresh-
old without causing a high dc volt-
age operating condition. 

Figure 4 illustrates field data 
from a PV plant operating at 
around 90-MW power. The cur-
tailment limit is initially changed 
from 100 to 82.5 MW. The plant 
controller turns down the invert-
ers (and turns off some of them if 
required) to achieve the new set 
point. Note that the turndown of 
power is gradual to meet the spec-
ified ramp-rate limit. 

The curtailment limit is reduced 
again to around 75 MW, and the 
controller responds as expected. 
When the limit is raised, the con-
troller adjusts the output of the 
inverters to increase the total plant 
output. Finally, when the limit is 
raised to 100 MW, the plant is no 
longer curtailed since the plant is 
producing less than the limit. 

In all the control actions, the con-
troller’s command to each inverter is 
unique, given the specific conditions 
each inverter is experiencing. For 
example, when the plant is under 
curtailment, the plant controller 
can release the power limit of indi-
vidual inverters if the total output of 
the plant starts falling below the set 
point. So in case of a cloud passage, 
which results in a reduction of the 
output of a part of the plant, the con-
troller can make the adjustment to 
increase the output of other inverters 
that are not impacted. 

The plant-level control strategy 
results in a capture of energy from 
inverters that would have been otherwise unnecessarily cur-
tailed. This concept is illustrated in Figure 5. The left side of 
the figure represents the reduction in power output of some of 
the inverters (grouped in blocks for illustration purposes) due 
to partial cloud cover. The controller commands other inverters 

that are not impacted by the cloud cover to dynamically increase 
their previously curtailed limit. Since the total potential power 
of the plant is greater than the specified plant output limit (as 
illustrated on the right-hand side of Figure 5), the plant is able to 
output the total power all the way to the limit.

figure 7. Plant shut-down and start-up controls.

figure 8. The frequency droop function.
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RES	
  can	
  do	
  better	
  than	
  just	
  making	
  energy	
  

ì  Even	
  moderate	
  obliga=ons	
  significantly	
  
enhance	
  welfare.	
  
ì  Example:	
  Spain’s	
  wind	
  generators	
  under	
  FiT	
  or	
  FiP	
  

schemes	
  have	
  been	
  for	
  years	
  subject	
  to	
  balancing	
  
obliga=ons.	
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RES	
  can	
  do	
  better	
  than	
  just	
  making	
  energy	
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Upwards	
  and	
  
downwards	
  	
  
band	
  needs	
  
and	
  prices	
  

Hydro CCGT Imp. coal Dom. coal PHydroStorage 

Down Up Band 
(€/MW) 

DAM 
(€/MWh) 

ì  No	
  increase	
  in	
  band	
  prices	
  and	
  quan==es.	
  
ì  Increasing	
  forecas=ng	
  accuracy.	
  
ì  Possibility	
  of	
  TSO	
  curtailments	
  of	
  iRES.	
  



RES	
  can	
  do	
  better	
  than	
  just	
  making	
  energy	
  

ì  Engaging	
  iRES	
  can	
  
make	
  flexibility	
  
costs	
  low.	
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Integrating	
  RES-­‐E	
  

ì  No	
  more	
  subsidies	
  for	
  mature	
  RES	
  aRer	
  2020.	
  

ì Move	
  to	
  more	
  efficient	
  RES	
  support.	
  
ì  No-­‐volumetric	
  support	
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“Bulk”	
  energy	
  

Flexibility	
  

Adequacy	
  

RES	
  support	
  
€/MW	
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“Bulk”	
  energy	
  

Flexibility	
  

Adequacy	
  

RES	
  support	
  
€/MW	
  

ì  E.g.	
  1,000	
  €/kW	
  
investment	
  support	
  can	
  be	
  
paid	
  as	
  80	
  =	
  20	
  =mes	
  4	
  
quarterly	
  instalments	
  of	
  20	
  
€/kW	
  (discoun=ng	
  @	
  5%/
yr)	
  during	
  20	
  years	
  

ì  reminiscent	
  of	
  T&D	
  assets	
  
remunera=on	
  



Efficient	
  iRES	
  support	
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“Bulk”	
  energy	
  

Flexibility	
  

Adequacy	
  

RES	
  support	
  
€/MW	
  

ì  No	
  opera=onal	
  distor=ons.	
  

ì  Possible	
  investment	
  
distor=ons	
  can	
  be	
  
controlled	
  by	
  smart	
  
adequacy	
  
(CRM)mechanism.	
  

ì  RES	
  support	
  to	
  be	
  granted	
  
by	
  periodic	
  auc=ons.	
  
ì  Volume	
  and	
  budget	
  

control.	
  



Efficient	
  iRES	
  support	
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“Bulk”	
  energy	
  

Flexibility	
  

Adequacy	
  

RES	
  support	
  
€/MW	
  

ì  No	
  trash	
  investments	
  
because	
  of	
  market	
  
revenues.	
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“Bulk”	
  energy	
  

Flexibility	
  

Adequacy	
  

RES	
  support	
  
€/MW	
  

ì  No	
  trash	
  investments	
  
because	
  of	
  market	
  
revenues.	
  



Efficient	
  iRES	
  support	
  

ì  Markets’	
  
revenues	
  take	
  
care	
  of	
  
avoiding	
  
“cheap	
  
investments”.	
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€ 

Market revenues Total cost of a 1 kW facility as function of operating hours 

Low cost for very low quality facilities 

Cost increases moderately with 
quality once above a minimum 
threshold (better maintenance, 
incremental design improvements, 
etc.) 

Steep cost increases for extremely 
high quality levels 



Efficient	
  iRES	
  support	
  

ì  Market	
  
revenues	
  may	
  
be	
  not	
  enough	
  
to	
  recover	
  
costs.	
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€ 

Market revenues 

Market revenues 



Efficient	
  iRES	
  support	
  

ì  An	
  €/MW	
  aid	
  
may	
  drive	
  
op=mal	
  
investment	
  
and	
  opera=on.	
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€ 

Market revenues 



Efficient	
  iRES	
  support	
  

ì  Investment	
  
and	
  opera=on	
  
incen=ves	
  for	
  
mature	
  iRES.	
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€ 

Market revenues 

MC < MR => 
Incentive to 
increase 
production 

Investors will aim at 
marginal cost equal 
to market price  



Efficient	
  iRES	
  support	
  

ì  Too	
  low	
  
investment	
  
aid	
  might	
  
lead	
  to	
  
inefficiently	
  
low	
  quality.	
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€ 

Market revenues 

•  SPll	
  posiPve	
  profit	
  for	
  very	
  low	
  
quality.	
  

•  SoluPon:	
  require	
  a	
  minimum	
  number	
  
of	
  full	
  load	
  hours	
  



Efficient	
  iRES	
  support	
  

ì  Too	
  high	
  
investment	
  
aid	
  might	
  
lead	
  to	
  
overcompen
sa=on.	
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€ 

Market revenues 

•  Overcompensa=on	
  soluPon:	
  
auc=ons	
  for	
  supported	
  RES	
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