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Motivation

The development of renewable sources and their integration in the electricity
market raise a number of technical and economic issues

It has been shown that the localization of renewable generation turns out to
be a relevant variable in the forecast of future benefits for consumers

In particular when power markets are organized as two or more
inter-connected sub-markets with locational pricing mechanisms, the “merit
order effect” may not occurs as straightforwardly as it is usually
acknowledged

A larger renewable supply in certain zones may reduce import needs but it
can also modify flow directions affecting the occurrence of congestion and the
zonal price gaps

Therefore the choice of location may have important redistributive effects
across zones, usually overlooked in the literature
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Paper’s objectives

We aim at filling this gap by studying the sensitivity of electricity spot
market equilibrium of a case study power market to changes in:

the production from renewable power plants

the natural source of electricity

the geographical localization of renewable facilities

Italy is an ideal case studies for several reasons:

it has reached its quota of 17% of renewables in final energy consumption in
2014 (6 years ahead of the 2020 horizon fixed in the 2009 Climate Package)

it has an interconnected power market with zonal pricing

it has heterogeneous inter-zonal transmission capacities and zonal production
capabilities depending on historical and geographical reasons

market data are publicly available
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The Italian power network
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The Day-ahead auction (1/2)

Our analysis focuses on the Italian day-ahead market (MGP, Mercato del
Giorno Prima) where transactions take place between the ninth day before
the day of physical delivery and the day before the day of delivery

Sellers submit hourly offers specifying the quantity and the minimum price at
which they are willing to trade their power

The aggregated supply curve is built according to the merit order in an
ascending order of price

In a symmetric way, the market demand curve is generated through the
aggregation of single bids in a descending order of price

The hourly market price is determined by the intersection of the demand and
the supply curves following an iterative procedure
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The Day-ahead auction (2/2)

The geographical market is considered as unique: if the day-ahead
production/consumption plan respects all network constraints across zones
(no congestion), a single price for the whole country emerges

If a network constraint is saturated, then the geographical market is divided
into two sub-markets, each one aggregating all the zones above and below the
saturated constraint

The market demand and supply curves are rebuilt for the two sub-markets
(taking into account the quantity that can flows between zones up to the
transmission limit), and two zonal prices result

In the permanence of network saturation, the process of sub-setting the
market continues until all constraints are satisfied

While producers receive the zonal prices in the occurrence of congestion, the
buyers pay the National Single Price (PUN) for the electricity bought in the
pool: the PUN is an average of zonal prices weighted for the zonal purchases
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Data

To reproduce ex-post market results and to perform the simulations we
employ the following data sources:

1) GME database which contains all the information on the transactions taking
places in the Italian Day-ahead market on an hourly base

Submitted price/quantity pair for each bid/offer

Import/export quantity resulting from the implicit market coupling auction

Transmission limits across zones (in Mwh)

The network scheme with links

2) REF-E database which identifies the production technology of Italian power
plants

Non RES technologies: Conventional steam, Coal, CCGT, OCGT, CHP,
Pumping

RES technologies: Small RES, Wind, Geothermal, Hydro, Biomass

Other: Consumption, Self-producers, Import
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Matching

Matching the two databases allows us to attribute a production technology to
the offers placed in the Day-ahead market

We restrict our analysis to the 2015 because on February 25 a “ring” has been
created between the areas CNOR - CSUD - SARD - CORS - CNOR (before
this date the Italian network enjoyed tree topology)

We are able to map the 92% of offers submitted in 2015 which corresponds to
the 97.5% of the total quantity accepted in the same year

The database contains more than 9 million observations and 50 thousand
zonal prices
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The algorithm

The GME algorithm:

In general, the uniform purchase price auction is solved by finding the the
equilibrium that maximizes system welfare under constraints

However, in practice the Uniform Purchase Price Optimization (UPPO)
search procedure used by the GME rather relies on heuristics

The main idea behind this method is to fix the uniform purchase price at
some level and repeatedly apply the UPPO procedure to find a solution which
could be eventually modified in order to satisfy the constraints

Our algorithm:

Our algorithm instead reproduces the iterative market splitting logic to find
the equilibrium

The algorithm is written in C++ and it is trained using 2015 real data

We consider 10 iterations a good compromise between time and precision (the
algorithm solves all the hourly equilibria for the whole year in less than 2
minutes)
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Performance

To test the performance of our algorithm we adopt 2 solutions:

1. A simple “cheating” option consisting in comparing the algorithm results with
the true market equilibria of 2015

2. A more complex option based on a ranking rule of the possible alternatives
equilibria, i.e. accepting only the solution which maximizes the national
welfare

Up to now the results are perfectly reproduced for 1 and 2 zonal grouping,
while for a higher number of zones some important assumptions have to be
made
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Assumptions

The difference between true and simulated equilibria may depend on two
random elements that we need to introduce in the algorithm due to
incomplete information/different logic behind the algorithms

Two elements are not defined:

The starting node The loop splitting rule

Making a choice implies the saturation of different links and hence different
congestion patterns/zonal grouping

Some open questions remain on the rationing rule of foreign offers when
partial quantities are accepted
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First benchmark

In the graph below, the 45 degree line indicates equality between true
equilibrium price (x-axis) and the closest price calculated by the algorithm
(y-axis)
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The prices are very much aligned
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Second benchmark

In the graph below, the 45 degree line indicates equality between true
equilibrium price (x-axis) and the simulated price which maximizes the
welfare (y-axis)
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Our algorithm finds 22 equilibria at price cap (not shown) and it does not
converge in 3942 cases (7.5% of 52560 prices)
The performance are overall satisfying despite a larger dispersion
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Real versus simulated price

To appreciate the amplitude of the differences between real and simulated
prices, we report their distribution for the two benchmarks in the tables
below (in absolute value)

Diff in e %
< 0.01 88.642
< 0.1 89.561
< 1 93.529
< 5 97.428
< 10 98.645
< 15 99.115
< 50 99.966
< 100 100

Table: First benchmark

Diff in e %
< 0.01 58.546
< 0.1 59.828
< 1 67.872
< 5 80.885
< 10 87.744
< 15 91.530
< 50 98.555
< 100 99.922

Table: Second benchmark

Given the results obtained with the first benchmark we are still working of
the ranking of equilibria
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Simulations

The simulations are performed with R using the Rcpp package

We simulate 2 scenarios:

Uniform increase of RES production

10%, 20%, 30%, 50% and 100% increase in the submitted quantity of solar,
small RES and wind units in all 6 national geographical zones

Heterogeneous increase of RES production

10%, 20%, 30%, 50% and 100% increase in the submitted quantity of solar and
small RES in the Northern zones (NORD, CNOR and CSUD) and of wind
units in Southern zones (SARD, SICI, SUD)

We present here some preliminary results
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Uniform increase

If solar, small RES and wind units increase their offered quantities by 10%,
20%, 30%, 50% and 100% in the six geographical zones, we would observe an
overall decrease in the mean zonal prices (e)

ZONE 10% 20% 30% 50% 100%
CNOR 9.87 5.00 5.81 4.11 -9.60
CSUD -2.68 -3.91 -5.38 -8.43 -16.52
NORD 0.58 -0.04 -0.68 -2.07 -7.62
SARD -7.62 -9.23 -11.11 -13.82 -21.19
SICI -2.58 -4.78 -7.25 -12.14 -22.82
SUD -1.93 -3.56 -4.77 -8.45 -16.82
Mean -0.72 -2.75 -3.89 -6.79 -15.76
Obs 48486 48492 48852 49134 49470
NA 4074 4068 3708 3426 3090
Total 52560 52560 52560 52560 52560

SARD appears to benefit the most from the enhanced renewable supply

While CNORD and NORD seem to experience also a price increase
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Heterogeneous increase

If solar and small RES in NORD, CNOR and CSUD, and wind units in SUD,
SICI and SARD increase their offered quantities by 10%, 20%, 30%, 50% and
100%, we would observe an overall decrease in the mean zonal prices (e)

ZONE 10% 20% 30% 50% 100%
CNOR 8.46 6.59 5.49 6.74 -4.87
CSUD -2.14 -2.90 -3.81 -5.87 -11.36
NORD 0.64 0.11 -0.48 -1.58 -6.23
SARD -7.20 -7.67 -8.72 -10.52 -15.20
SICI -1.70 -2.94 -4.35 -7.09 -13.34
SUD -0.58 -2.53 -2.88 -5.24 -11.16
Mean -0.42 -1.55 -2.45 -3.92 -10.36
Obs 48408 48444 48486 48612 48858
NA 4152 4116 4074 3948 3702
Total 52560 52560 52560 52560 52560

A similar pattern appears where CNOR and NORD seem to experience an
average price increase for some level of RES growth (even larger for certain
levels of RES growth)
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Conclusions

In order to study the sensitivity of market outcomes to renewable location we
reproduce the market splitting algorithm using 2015 market data

The preliminary results of our simulations seem to show that this variable is
indeed very important

With respect to the existing works on the impact of renewables on market
outcomes, we show that if on average all buyers benefit from lower prices,
some of them may benefit more than others

We may prove that if certain targets are to be reached some locations shall be
preferred for the installation of renewables

Caveat: no significant changes should intervene in the general economic and
regulatory settings nor in the physical network
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Next steps

Improving algorithm’s performance by reducing non convergence

Further exploring the problem of ranking rules for the feasible solutions

Simulating both price and quantities in order to calculate price indexes (such
as Laspeyre and Paasche indexes)

Simulating the possible reaction from traditional suppliers (higher bidding
prices when RES production runs out)

Simulating the effect of investments in transmission links (where it is more
interesting?)

Ongoing interdisciplinary research which employ climate simulations to assess
the availability of natural resources in Italian zones
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Thank you for your attention!

silvia.concettini@univ-tours.fr
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