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MTSIM
(min. price)

Different approaches to electricity market simulati on

price forecasting
ARIMA models

Data analysis
Study of historical 
market data 

Strategy model
Based on game

theory

Optimization
Based on 

minimum cost



Time horizon of simulators

1 hour 1 week 1 month 1 year 20 year

Short Short termterm Medium Medium termterm Long Long termterm

• high detail level
• bids optimizations

• medium detail level
• scenario analysis
•Fix generation park

• low detail level
• generation park is not
fixed

MTSIM

Time horizon: 
One year

Information about
generation park



�� MTSIM simulates a generic MTSIM simulates a generic day-ahead zonalzonal market.market.

�� The model is devised to carry out:The model is devised to carry out:

�� systemsystem --wide energy evaluations (i.e. wide energy evaluations (i.e. zonalzonal prices)prices)

�� emission evaluations (COemission evaluations (CO 22 and other pollutants)and other pollutants)

Main characteristics of MTSIM

Forward marketForward market

Day-ahead market

Ancillary services marketsAncillary services markets



Main characteristics of MTSIM

MTSIM:
Min. energy price
s.t.   Transmission

operational        constraints
emissions 
hydro        
...

MATLABINPUT OUTPUT

1 Excel file:

• parameters

• load

• thermal plants

•Hydro plants

• inter-zonal
constraints

4 Excel files:

• Hourly marginal 

zone prices

• Generators 

commitment and 

dispatching

• Costs and fuel 

consumption

• CO2 emissions

• revenues, margins 

and market quotas



Modelling the network

• Day-ahead Italian 
electricity market is based 
on a zonal transmission 
model

• higher prices should give 
an economic signal in order 
to stimulate the installation 
of new generation in zone 
where the prices are high.

PTDF matrixPTDF matrix



Modelling the network

NorthNorth



Modelling the Load

hours
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h
NorthNorth

Load

Dispatchable
Load

Import

8760

cogeneration

geotermic

wind

biomass

solar



Having the dispatchable load...

Plants compete in the market…

BIDS

€/
M

W
h

VARIABLE 

COST

BID-UP

What does the bid-up model?

Perfect competition
(cost minimizazion)

Market power
(price minimization)

# 90

# 16

# 1

#45 

# 10



Main characteristics of the simulator

HYDRO PLANTS



Main characteristics of the simulator

THERMAL 
PLANTS



Main characteristics of the simulator

THERMAL 
PLANTS



• Thermal: data related to thermal generation
� unit commitment, dispatched hourly power, fuel quantity and mix (if any), 
revenues, CO2 emissions, marginal generator in each zone every hour

• Hydro: data related to hydro generation
� produced and pumped hourly power, revenues and (pumping) costs, reservoirs 
volumes, spill-overs

• System: system-wide results
� yearly target optimal (cost) value, zonal prices, transits, ENP. EIE, purchases 
on emission markets (ET, CDM)

• Synthesis: synthetic overviews
� yearly producers shares, yearly production and cost balances, zonal hourly 
balances, hourly fuel consumptions, hourly fuel shares, horly GenCo data 
(revenues, variable costs and production), hourly plant emissions, marginality 
horly percentage (operator and technology).

The output files



The output files

For each zone..

1 8760

ZONAL PRICES

50 51 52
hours

€/
M

W
h

ZONAL PRICES

ZONAL GENERATION MIX(MW)

3 CCGT

1 HYDRO

1 TURBOGAS
FUEL USED
C02 EMISSION

PRODUCED OR PUMPED
VOLUMES



The output files

For each zone..

QUANTITY

3 GCCGT

1 HYDRO

1 TURBOGAS
FUEL USED
C02 EMISSION

PRODUCED OR PUMPED
VOLUMES

ENERGY NOT PROVIED

ENERGY IN SURPLUS 2 WIND GENERATION



Case Study: Italian electricity market at 2020Case Study: Italian electricity market at 2020

20%

LESS GHG EMISSIONS

20%

MORE RENEWABLE

20%

MORE EFFICIENCY

EU27 TARGETS technologies Power 
(MW)

Energy 
(TWh)

Hydro power plant > 10MW
Hydro power plant < 10MW
TOTAL HYDRO SOURCE

16000
42000
20200

30,72
12,43
43,15

Wind plants on-shore
Wind plants off-shore
TOTAL WIND SOURCE

10000
2000

12000

18,40
4,20

22,60

Building integrated PV plants
Power PV plants
Solar thermodynamic
TOTAL SOLAR SOURCE

7500
1000
1000
9500

9,00
1,20
3,00

13,20

Traditional geothermic
New generation geothermic
TOTAL GEOTHERMIC 
SOURCE

1000
300

1300

7,48
2,24

9,73
Plants using biomass
Plants using biodegradable part RSU
Plants using landfill gas, 
sewage treatment 
plant gas and biogas
Plant using dedicated Energy crops
TOTAL BIOMASS

769
800

492
354

2415

5,00
4,00

3,20
2,30

14,50

Wave and Tidal energy 800 1,00
TOTAL 46215 104,18

Issues and challenges for Europe 
and for Italy. Position paper of 
the Italian Government - 10 
September 2007- Repubblica 
Italiana, Presidenza del 
Consiglio dei Ministri

Issues and challenges for Europe 
and for Italy. Position paper of 
the Italian Government - 10 
September 2007- Repubblica 
Italiana, Presidenza del 
Consiglio dei Ministri

w.r.t 1990



Case Study: Italian electricity market at 2020

Scenario Hypothesis

Demand (MWh)

Oil 14,43

Natural gas 16,44

coal 5,81
CCS 6,29
Gas-oil 25,07

2009 2020

+1.5% 
year

Generation 
profiles

Historic profiles :
• wind
• hydro
• solar
• geothermic

Fuel Cost  
[€/GJ]

Emission factor
[tCO2/GJ]

Oil 0,077

Natural Gas 0,056

Coal 0,094

CCS 0,009
Gas-oil 0,073



Case study: four scenarios

Scenarios diversified by: Scenarios diversified by: 

�� Wind penetration Wind penetration ((TWhTWh))

�� High penetration (HP): 27,2High penetration (HP): 27,2

�� Base penetration (Base penetration ( BP):22,6 22,6 

�� Medium Penetration (MP): 21,8Medium Penetration (MP): 21,8

�� Low Penetration (LP): 19,4Low Penetration (LP): 19,4

�� CO2 CO2 -- cost:cost:
�� from 10 from 10 €€/t to 50 /t to 50 €€/t  /t  

�� Extremes values: from 100 Extremes values: from 100 €€/t to /t to 
250 250 €€/t/t

HP
BP

MP

LP



88.00

89.00

90.00

91.00

92.00

93.00

94.00

95.00

96.00

97.00

98.00

99.00

PUN North Center-
North

Center-
South

South Sicily Sardinia

€/
M

W
h

LP MP BP HP

PUN and zonal-prices

Case study: Results



Case Study: Results

Energy In Surplus

Energy Not Provided
Energy Non Provided
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emission-mix

Total emissions
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emission-mix

Emissions
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Conclusions

� The high penetration of RES-E in Italy is essential for the attainment of 
the objectives at the year 2020.

� The high penetration create problems for the system  to follow the great 
variability of this generation: the system is not able to respond to high 
speed load variation (Sicily e Sardinia).

� The massive RES-E penetration impact significantly on the intra-daily 
market (pay as bid) , that in Italy has a high cost and on which it is 
necessary to guarantee:

1. More reservoir;  2.  Real time balancing;

� Concerning emissions: in order to reduce the overal l level, Italy needs 
not only to exploit its whole potential for RES-E g eneration , but also to 
take into account solutions that promote efficiency , demand-side 
management, smart grid generation, coal to gas swit ch, nuclear 
technologies or CCS.

Case Study



Thank you...Thank you...


