




I average slope to avoid outliers





We define some indices, together with TECHS

Notice we give the function some options.

We set default optimizer to IPopt



Some housekeeping to get the data

This is where we start creating a pyomo model!

We define important indices (time and techs)

We create variables for our model specifying the relevant indices
and whether they are integers, reals, non-negative, etc.



We define the objective function as an expression based on the variables,
we keep adding up all time periods.

Notice the weights!!!

This is how we define the objective of the model, 
we let it know we are maximizing welfare.

Gross demand surplus minus costs



The constraints can be used 
to define equilibrium 
outcomes

And to ensure that limits to 
production are respected



Solving is very easy (if the model is alright!), 
just call solve (note tee=True prints more info)

Here we can choose what to report back

Here I construct total cost as a relevant metric

For imports, just the triangle formula



We can compute the results 
and check the changes for 
alternative values of the 
inputs

Increased wind, lower prices



More advanced 
bonus material



Mixed integer models have 
0-1 variables (Bin)

Notice we changed the 
optimizer/solver



Capacity tells us if a 
technology is used or if it is 
used to the max (our binary 
variables)



Binary variables define the FOC, which can now include 
market power.
M is a large number that allows the conditions to not be 
satisfied (e.g., if the first order condition is not binding 
because a power plant hits its max capacity).
When this happens, the shadow value is allowed to be 
positive.

When theta=1, each unit 
(here a technology) charges 
a full markup

The shadow value captures the 
rents that a technology is earning 
above their FOC: P > their MC 
(competitive) or P > their MR (with 
market power)



Double checking FOC are equivalent to social planner 
(competitive case, theta = 0)



Market power in this toy model 
double prices!

Setting theta=1 to get markups
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