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Thermal capacityThermal capacity

• Primary energy source coal, oil, gas, wood 
uranium
– Water is heated up to produce steam that drives 
the turbines producing electricitythe turbines producing electricity

– Burning gas directly like a jet engine: CCGT; 
combined cycle gas turbinecombined cycle gas turbine

– Emission of pollutants; acid rain, climate gases, 
l tnuclear waste

• Thermal capacity is power‐restricted
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Merit order rankingMerit‐order ranking

• No intersection of marginal cost curves
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Merit order aggregation of cost curvesMerit‐order aggregation of cost curves
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Thermal and hydro with a reservoir constraintThermal and hydro with a reservoir constraint

• The social planning problem
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• The social planning problem

1 0

[ ( ) ( )]

subject to

t t
t z

p
 
 

1

H Th
t t t

H
t t t t

x e e

R R w e

 

  

t

Th Th
t

R R

e e





, , , 0, 1,..,

given free

t

H Th
t t t t

Th

x e e R t T

T w R R e R

 

, , , , given, freet o TT w R R e R

Hydropower and thermal 5



The LagrangianThe Lagrangian
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The Kuhn Tucker conditionsThe Kuhn – Tucker conditions
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The use of hydro and thermalThe use of hydro and thermal

• Thermal will not be used in period t if
'(0) ( ) ( 0, 0, )Th H

t t t t t t tc p x e x e     

( ) ( ) ( 0 0 )Th H Th   
• Hydro will not be used in period t if

(0) ( ) ( 0, 0, )t t t t t t tc p x e x e 

( ) ( ) ( 0, 0, )Th H Th
t t t t t t t t tp x c e e x e       

• Both thermal and hydro in useBoth thermal and hydro in use
( ) ( ) ( 0, )Th H Th

t t t t t t t t tp x c e x e e       

• Price equals water value equals marginal 
thermal costs (plus capacity shadow price)
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Bathtub diagram with thermal and hydro with 
reservoir constraint
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Adding renewables; zero current costsAdding renewables; zero current costs
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The Kuhn – Tucker conditions with 
renewables
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Must take: Run of river wind solarMust take: Run‐of‐river, wind, solar
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Hydro power and other technologies
Wind only in period 1
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Wind only in period 2Wind only in period 2
Period 1 Period 2
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No use of hydro in period 1No use of hydro in period 1
Period 1Period 1 Period 2
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