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•

••MainMain characteristicscharacteristics

•• SURFACE DRAINED: 7.979 kmSURFACE DRAINED: 7.979 km22

•• RIVER LENGHT: 313 kmRIVER LENGHT: 313 km

•• ALTITUDE RANGE:ALTITUDE RANGE:

-- Sources of Adda: 2.237 m aslSources of Adda: 2.237 m asl

-- Mean Lake Como elevation: 198  m aslMean Lake Como elevation: 198  m asl

-- JoinJoin with Po river: 36  m with Po river: 36  m aslasl

•• RIVER BASIN SURFACE: 38% of LombardyRIVER BASIN SURFACE: 38% of Lombardy

Adda River BasinAdda River Basin



FUENTES (198 m FUENTES (198 m aslasl) ) 

Year average Year average dischargedischarge: 88,0 m: 88,0 m33/s/s

TIRANO (441 m TIRANO (441 m aslasl) ) 

Year average Year average dischargedischarge : 26,75 m: 26,75 m33/s/s

MALGRATE (198 m MALGRATE (198 m aslasl) ) 

Year average Year average dischargedischarge: 158,2 m: 158,2 m33/s/s

JOIN WITH PO RIVER (36 m JOIN WITH PO RIVER (36 m aslasl) ) 

Year average Year average dischargedischarge: 287,72 m: 287,72 m33/s/s

STORAGE CAPACITIESSTORAGE CAPACITIES

•• LAKE COMOLAKE COMO

-- AbsoluteAbsolute capacity: 22.500 Mmc          capacity: 22.500 Mmc          

-- RegulationRegulation capacity: capacity: 254,3 Mmc254,3 Mmc (37%)(37%)

HYDROELECTRIC RESERVOIRS:HYDROELECTRIC RESERVOIRS:

-- 56 56 reservoirsreservoirs: : 419 Mmc419 Mmc (63%)(63%)

Source: PTUA Lombardy, 2003

Adda River BasinAdda River Basin



HydroelectricHydroelectric exploitationexploitation
Four companies detain the right Four companies detain the right 

of exploitation of Sondrio Province waters:of exploitation of Sondrio Province waters:

•• EDIPOWER: EDIPOWER: 8 plants8 plants

•• ENEL: ENEL: 18 plants18 plants

•• EDISON: EDISON: 8 plants8 plants

•• A.E.M. MILANO: A.E.M. MILANO: 7 plants7 plants

•• OTHER: OTHER: 32 small plants32 small plants

HydroelectricHydroelectric net production (year 2000): net production (year 2000): 5.886.000 5.886.000 MWhMWh

-- 11,1%11,1% of the national hydroelectric production;of the national hydroelectric production;

-- 45,4%45,4% of the regional hydroelectric production;of the regional hydroelectric production;

-- only the 16% of the electricity produced is distributed only the 16% of the electricity produced is distributed withinwithin Sondrio Province.Sondrio Province.

Source: SONGINI, 2003



Water plugs Free Pressurized Turbines
Average annual production 

(1997-2001)
Amount

Overall 

capacity

n Km Km n kWh x 1000 n m3

OVERALL 303 89,592 296,285 122 5.823.301 56 419.055.000

WATER CHANNELS AND PIPES RESERVOIRS

Sondrio ProvinceSondrio Province

Source: SONGINI, 2003

90%90% of Sondrio of Sondrio Province’Province’s area s area isis catchedcatched

byby hydroelectrichydroelectric facilitiesfacilities

SONDRIO



Average trend of hourly electricity demand - Italy 2005
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Monthly aggregation of the amount of hours Monthly aggregation of the amount of hours 

belonging to different timebelonging to different time--bandsbands
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• Main on-peak months:

JUNE, JULY, SEPTEMBER

• Main off-peak months:

JANUARY, APRIL, AUGUST



Monthly average MWh price 
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monthly average MWh price 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Monthly 

average 

MWh price 

(euro) 

49 53 50 48 51 63 64 51 57 50 52 51

--If we consider the only hydroelectric power, calculated prices aIf we consider the only hydroelectric power, calculated prices are re underestimatedunderestimated, , 

since the calculation assume unchanging levels of energy productsince the calculation assume unchanging levels of energy production throughout ion throughout 

the year, while the actual generation (and selling) is concentrathe year, while the actual generation (and selling) is concentrated in the most ted in the most 

profitable hours of the year (onprofitable hours of the year (on--peak periods).peak periods).

Source : TERNA, 2006



515150575064635048505249
Monthly average 

MWh price (euro)

32,438,945,047,947,469,064,258,531,532,945,341,4
Average monthly 

discharges                        

Fuentes (2005)
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average monthly discharge 2005 - Adda Fuentes

monthly average MWh price 

Source : TERNA, 2006 and Consorzio dell’Adda, 2006

Year 2005Year 2005



602.773481.151481.818469.817359.832549.878469.883462.303449.773476.572462.905526.163

Net average 
monthly generation 
Sondrio Province 
(2005)

32,438,945,047,947,469,064,258,531,532,945,341,4
Average monthly 
discharges                        
Fuentes (2005) 

DecNovOctSepAugJulJunMayAprMarFebJan

Year 2005Year 2005

Source : TERNA, 2006 and Consorzio dell’Adda, 2006

0

10

20

30

40

50

60

70

80

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Q
 (

m
c

/s
)…

.

0

100.000

200.000

300.000

400.000

500.000

600.000

700.000

M
W

h
…

..

average monthly discharge 2005 - Adda Fuentes

net average monthly generation  - Sondrio Province (2005)



•• The The hydroelectrichydroelectric rightright of of exploitmentexploitment feefee doesdoes notnot dependdepend on the on the 

actualactual production, production, butbut on the on the installedinstalled capacity (18 €/capacity (18 €/kWkW););

•• the the sellingselling price of price of hydroelectrichydroelectric energy energy isis notnot constantconstant butbut fluctuatesfluctuates

bothboth in the short and in the long in the short and in the long periodperiod;;

•• the the orderorder of of prioritypriority of water of water usesuses (CIVIL, AGRICULTURAL and (CIVIL, AGRICULTURAL and 

INDUSTRIAL) INDUSTRIAL) isis notnot respectedrespected..

•• LOW FLOW LIMITS LOW FLOW LIMITS representrepresent the the onlyonly constraintconstraint toto hydroelectrichydroelectric

company company activitiesactivities;;

•• rampramp--upup and and rampramp--downdown constraintsconstraints are are notnot givengiven;;

The The controversialcontroversial rolerole of of hydroelectrichydroelectric

power productionpower production



SupplySupply behaviourbehaviour derivingderiving fromfrom

hydroelectricityhydroelectricity productionproduction

Max carrying capacity

Price

Quantity



AlterationAlteration of of naturalnatural hydrologicalhydrological cyclescycles::

. day/night variations of discharges;. day/night variations of discharges;

. seasonal variations of . seasonal variations of dischargesdischarges;;

. ecological effects on the river ecosistems along the . ecological effects on the river ecosistems along the 

watershed watershed (SEDIMENT TRANSPORTATION INHIBITED, EFFECTS ON (SEDIMENT TRANSPORTATION INHIBITED, EFFECTS ON 

BIOLOGICAL CYCLES, EFFECTS ON RIVER BANKS EROSION).BIOLOGICAL CYCLES, EFFECTS ON RIVER BANKS EROSION).

Alteration of Lake Como hydrometric levels and quality:Alteration of Lake Como hydrometric levels and quality:

. ecological problems (. ecological problems (FISH REPRODUCTIVE PERIODSFISH REPRODUCTIVE PERIODS););

. loss of water quality and rise of sanitary consequences.. loss of water quality and rise of sanitary consequences.

Effects on the environmentEffects on the environment



Effects on the socioEffects on the socio--economic systemeconomic system

COMPETITION WITH WATER USERS DOWNSTREAMCOMPETITION WITH WATER USERS DOWNSTREAM

NavigationNavigation

and and 

recreationalrecreational

usesuses

IndustryIndustry

AgricultureAgriculture

HydroelectricHydroelectric

runrun--ofof--riverriver

power power plantsplants

CivilCivil usesuses

ThermoelectricThermoelectric

power power plantsplants



STRONG INTERSTRONG INTER--CONNECTION BETWEEN CONNECTION BETWEEN 

NATURAL CYCLES AND HUMAN ACTIVITIESNATURAL CYCLES AND HUMAN ACTIVITIES

•• CLIMATE CHANGECLIMATE CHANGE: INFLUENCE ON WATER RESOURCES : INFLUENCE ON WATER RESOURCES 

DISTRIBUTION (STOCKS/FLOWS)DISTRIBUTION (STOCKS/FLOWS)

•• SOCIOSOCIO--ECONOMIC SYSTEMECONOMIC SYSTEM: INFLUENCE OF COMPETING WATER : INFLUENCE OF COMPETING WATER 

USERS ON WATER BALANCESUSERS ON WATER BALANCES

ClimateClimate changechange and and 
sociosocio--economiceconomic systemsystem

•• HIGH STRESS ON WATER RESOURCES UNDER CURRENT HIGH STRESS ON WATER RESOURCES UNDER CURRENT 

CONDITIONSCONDITIONS

•• HIGH SENSITIVITY OF THE SOCIOHIGH SENSITIVITY OF THE SOCIO--ECONOMIC SYSTEM TO ECONOMIC SYSTEM TO 

VARIATIONS ON WATER INPUTSVARIATIONS ON WATER INPUTS



FuentesFuentes (Valtellina (Valtellina outflowsoutflows) ) hystoricalhystorical seriesseries::

annualannual and summer average and summer average dischargesdischarges
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Years '59 - '00 140,65 4.435,42 176,13 2.328,34

Years '96 -'05 112,40 3.544,23 132,10 1.746,28

Water deficit -28,25 -891,19 -20,09% -44,03 -582,06 -65,00%

LeccoLecco--Olginate Floodgate  Olginate Floodgate  

hystoricalhystorical seriesseries ((decadicdecadic dischargesdischarges))

Source: Consorzio dell’Adda,         
2006



Source: Consorzio dell’Adda website, 2003

Critical hydrologic conditions observed: year 2003



Summer 2003 Summer 2003 –– direct effects observeddirect effects observed

• AGRICULTURE: crop losses, damage to crop quality;

• TOURISM: reduction in recreational uses (e.g.: navigation, bathing) on 
Lake Como;

• POWER GENERATION: change in hydropower potential through the 
year, altered potential for run-of-river power;

• PUBLIC WATER SUPPLY: reduction in availability of summer municipal 
water, increase of water demand.



CONCLUSIONSCONCLUSIONS

•• HydroelectricHydroelectric activitiesactivities generate generate adverseadverse effects on mountain region effects on mountain region 
communitiescommunities and environment;and environment;

•• The The alterationalteration of of riverriver dischargesdischarges at the at the locallocal and at the and at the watershedwatershed scale scale 
occursoccurs accordingaccording toto externalexternal dynamicsdynamics (energy (energy wholesalewholesale
market/market/electricityelectricity demanddemand). The management of the ). The management of the reservoirsreservoirs
retainretain//releaserelease cyclescycles isis carriedcarried withwith the the aimaim of of maximizingmaximizing the company the company 
incomeincome;;

•• WithWith water water becomingbecoming scarcerscarcer and and susceptible to quantitative variationssusceptible to quantitative variations, , 
the existing allocation problem among different competing users the existing allocation problem among different competing users might might 
be exacerbated with increasing potentialbe exacerbated with increasing potential effects on mountain effects on mountain locallocal
communitiescommunities;;

•• The The rightright of exploitment of exploitment feefee needneed toto bebe adaptedadapted toto a more a more realisticrealistic
situationsituation of water of water resourceresource exploitmentexploitment..
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