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•Introduction to spatial pricing
•The British “problem”

•The network issue
•The renewable issue

•Research question and methodology
•Results and conclusions
•Appendix

•Details about the model
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Network 
Economics 101

•“Electricity must be treated as a commodity which can be 
traded taking into account its TIME- and SPACE-varying 
values and costs” (Schweppe et al 1988)

•“The problem of market design is not to invent clever new 
prices but to design a market that will reliably discover the 
same prices Economics has been suggesting since Adam 
Smith” (Stoft 2002)



QuickTime™ e un
decompressore 

sono necessari per visualizzare quest'immagine.

QuickTime™ e un
decompressore 

sono necessari per visualizzare quest'immagine.

Network 
Economics 101

•Transporting electricity has economic consequences in 
terms of

•Network losses
•Infrastructures (investment and O&M)
•Energy Balance between demand and supply
•System Balance (congestion management)

•Marginal losses and opportunity cost of constraints are 
the two major component of MC pricing; capital costs 
need to be covered also.
•Vertical separation may lead to a loss of economies of 
scope (e.g. lack of coordination in network investments)
•Locational pricing may help recover this loss.
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Network 
economics 101

Optimal spatial pricing = Locational marginal pricing 
(LMP), also known as nodal pricing

μe = shadow price of the energy balance constraint = 
marginal cost of generation at the reference bus
μi = shadow price of the flow constraint for line i
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Optimal pricing 
Why does spatial 
pricing matter?
pricing matter?EU transmission pricing

Source: ENTSO-E 2011
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The network issue
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The British «problem»: 

the network issue

Household electricity bill in GB (2011)
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The British «problem»: 

the network issue

Source: NGC 2009

Connection opportunities
Locational (TNUoS) but not OPTIMAL pricing is applied
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The British «problem»: 

the network issue

Source: NGC 2009

Congestion costs
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The British «problem»: 

the network issue

Source: Ofgem 2010

Increasing level of constraint costs under BETTA (in £m)
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The British «problem»: 

the network issue

UK energy imbalance 
2009/10                        2015/2016                
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The renewable issue



QuickTime™ e un
decompressore 

sono necessari per visualizzare quest'immagine.

QuickTime™ e un
decompressore 

sono necessari per visualizzare quest'immagine.
The British «problem»: 

the renewable issue

Renewable energy consumption

Source: DECC 2011

≈ 7% in 2010
≈ 40% target in 2020
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The British «problem»: 

the renewable issue

Renewable energy production 2005 - 2009 and projection 
to 2020renewable energy consumption (TWh)
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The British «problem»: 

the renewable issue

Estimated levelised cost ranges for electricity 
technologies in 2010
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The British «problem»: 

the renewable issue

Source: CCC 2009

Wind potential capacity (GW)
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The British «problem»: 

the renewable issue

Wind intermittency
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Research 
question

•Can the objectives of a locationally efficient network 
policy and those of a renewable policy be achieved 
simultaneously?
•Sub-questions

•Given the adoption of optimal spatial pricing, how 
does this affect the level of production from renewable 
energy (wind in particular)?
•How can we develop a more sophisticated approach 
to renewable policy which takes into account these 
trade-offs?
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• A non-linear optimization model, combining Economics 
and Electrical Engineering principles, which compares 
social welfare in two different “worlds” in 2015, under the 
constraint of a renewable target:

•Uniform pricing (e.g. most European markets)

•LMP (e.g. a few US markets, New Zealand, etc.)
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LMP model



Key results and conclusions
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Energy results in 2015 (TWh)
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Congestion on 
transmission lines under 
LMP and UNI in 2015
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Welfare results in 2015 (£million)
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Price results in 2015 (£/MWh)

UNI vs. LMP (Elasticity = -0.25)
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Average prices (£/MWh) 
under LMP in 2015 
(demand elasticity -0.25)
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•The model results indicate that the objectives of a 
locationally efficient network policy and those of a 
renewable policy may be hard to achieve simultaneously

•Total profits for wind are 19% lower under LMP
•As uniform pricing model is “cleverer” than the real 
world (two-stage process), welfare differences would 
be greater.

•However this does not mean that a more sophisticated 
renewable policy could not address such trade-offs

•Higher LMPs for off-shore wind farms
•Higher carbon price.
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Details about the model
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GB Electricity 
Market (1)

INPUT DATA

-DEMAND
-SUPPLY
-NETWORK
-RENEWABLES
-ENERGY POLICY
-REGULATION

DC LOAD 
FLOW 
MODEL

INPUTS FROM 
VARIOUS EXPERTS SCENARIOS SENSITIVITIES

OPTIMIZATION PROBLEM

1) SINGLE-OBJECTIVE FUNCTION:
    - NET SOCIAL WELFARE

2) CONSTRAINTS:
    - TOTAL GENERATION
    - INDIVIDUAL GENERATION
    - INDIVIDUAL LINE CAPACITY
    - ENERGY BALANCE
    - PRICE RESTRICTIONS (UNI MODEL ONLY)

MODEL RUNS
-LAGRANGE'S METHOD
-OPTIMIZATION                      
SOFTWARE (PREMIUM 
SOLVER PLATFORM)

RESULTS

-ENERGY (e.g. demand)

-WELFARE (e.g. consumer surplus)

-PRICES (e.g. average)

FEEDBACK FROM 
VARIOUS EXPERTS
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Adapted from Schweppe et al. (1988)
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GB demand data in 2015 (MWh)
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GB Installed Generation Capacity in 2015
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Source: NGC 2011

Total Transmission connected Capacity in “Gone Green”
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•Gaps in the literature
•Renewable + Network policy

•Improved engineering-economic model
•DCLF radial network
•Demand elasticity

•Enhanced demand modelling
•Theory (consumer behaviour)
•Practice (energy consumption)

•Adding the renewable dimension into a welfare economic 
model with spatial pricing
•Several open issues in the current debate



Grazie per l’attenzione!

matteo.dicastelnuovo@unibocconi.it 


