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1 I ntroduct ion 
 

Inter-American Development Bank (IDB) has entered into contract with COWI 

A/S with the purpose of assisting the Ministry of Industry, Energy and Mining 

(MIEM) of Uruguay with analysing some aspects of integrating large amounts of 

wind energy into the power system of Uruguay. The focus is on capacity credit 

with regard to system planning and on grid access regulation. Within these two 

components, the following activities are carried out: 

 
› Component 1 - Capacity credit of the wind energy resource  

› Review of international experiences  
› Review of methodologies to determine firm capacity / capacity credit  
› Methodology to be used for the Uruguayan system  
› Calculation of the firm capacity contribution  
› Analysis and implications of the firm capacity contribution  
› Recommendation on regulatory guideline 

 
› Component 2 - Grid access regulation  

› Review of international experiences  
› Review of methodologies to determine merit order 

 
This report presents the results of the study. 
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2 The Uruguayan elect ricit y m arket 
 

 

2. 1 Current sit uation 
 

The annual electricity demand in Uruguay in 2012 was 10.1 TWh. In 2010, the 

consumption was 9.7 TWh and in 2011, the consumption was 9.8 TWh. The peak 

demand in 2012 was 1,742 MW. Approximately 70% of the demand is in the south 

region - the area covering Montevideo and being the most densely populated area. 

 
The electricity demand has increased over time. In 1984 the demand was 3.7 TWh 

which means that since that time, the annual average increase in the electricity 

demand has been 3.7 %. 

 
The annual Uruguayan power generation corresponds more or less to the demand. 

In 2010, there was a net export of 324 GWh corresponding to 3.3 % of the 

demand, and in 2011 there was a net import of 451 GWh corresponding to 4.6 % 

of the demand. 

 
Due to a large amount of hydro power, the import/export patterns are very much 

influenced by the hydrological conditions, which can vary a lot from one year to 

another. In 2010, the generation from hydro power plants was 7,909 GWh and in 

2011 it was 6,326 GWh. 

 
In addition to hydro power plants, Uruguay has a number of thermal power plants 

based on fuel oil and gas oil and a few biomass plants and wind turbines. 

 
The total installed power capacity in 2011 is shown in the table below. 
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Table 1: Installed power capacity, 2011     

     

  Ty p e Fu el Cap acit y , MW 
     

Hy d r o p o w er    1 ,5 3 8 

- Sal t o Gr a n d e  Hydro wit h st orage - 7 x 135 =  945 

- Ri n có n d el Bo n et e Hydro wit h st orage - 4 x 38 = 152 

- Ba y g o r r ia  Hydro run of river - 3 x 36 = 108 

- Pal m a r  Hydro wit h st orage - 3 x 111 =  333 
       

Th er m a l     8 3 0  

- Qu in t a  St eam turbine Fuel oil 1 x 80 

- Sal a B  St eam turbine Fuel oil 1 x 50 

- Sex t a  St eam turbine Fuel oil 1 x 120 

- CTR  Gas t urbine Gas oil 2 x 100 

- PTI  Gas t urbine Gas oil 6 x 50 

- M o t o r es  I nt ernal Com bust ion Fuel oil / Gas oil 8 x 10 
       

Bi o m a ss  - -  9 0  
       

W i n d Po w er  - -  4 2  
       

 

 

It appears from the table that hydro power accounts for approximately 60 % of the 

total capacity. The hydro power plants all have storage capacity, but the storage 

capacity is limited and therefore there is a huge variation in hydro power generation 

from one year to another. The hydro storage capacity is 3-4 months for Rincon del 

Bonete and 10-15 days for Salto Grande. 

 
The largest hydro power plant, Salto Grande has a total capacity of 1,890 MW.  
This plant, however, is a bi-national plant with Argentina and therefore the  
Uruguayan part is only 945 MW corresponding to 50 % of total plant capacity. 

 
Uruguay has interconnections with Argentina and Brazil, and power exchange 

takes place with both these countries. A map of the interconnections is shown 

below. 
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Figure 1: The Uruguayan transmission system including interconnections to 

Argentina and Brazil 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The current interconnections are: 

 

› 2,000 MW AC link with Argentina 

 
› 70 MW/150 kV link with Brazil through back to back frequency converter 

(50-60 Hz) 

 
From 2014 there will also be a 500 MW/500 kV link with Brazil through back to 

back frequency converter (50-60 Hz). 

 
The distribution of the Uruguayan power demand on generation sources in 2010 

and 2011 is shown in the figure below. 
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Figure 2: Power demand distributed on generation sources 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2. 2 Future situation 
 

Uruguay has the following planning goals for 2015: 

 

› Primary energy matrix: 50% participation of renewable energy. 

 
› Electricity from non-conventional renewable energy – 25% (Wind Energy and 

Biomass) 
 

› Reduction of oil participation. 
 

› Use of LNG. 

 
According to the Traditional Energy Planning Study for the period 2012 to 2030, 

the Uruguayan electricity demand is expected to increase in average 3.48 % per 

year up to 2030. In 2017, the annual electricity demand has been estimated to 

12,050 GWh and in 2030 it has been estimated to 18,775 GWh. 

 
In the same planning study, a new capacity (after 2011) of 120 MW biomass, 1,300 

MW wind power, and 480 MW combined cycle was assumed up to year 2017. After 

2025, an amount of additionally 360 MW gas combined cycle should be installed. 

As of today 42 MW of wind is installed but contracts for additional 1,000 MW has 

been signed. In addition to the already contracted wind power generation capacity 

additional capacity can be expected from UTE and smaller wind developers. As a 

result of all these contracts and the additional capacity from UTE, a total of 1,000 

MW of wind power is expected to be installed by 2016. 

 
This large amount of wind power will impose new challenges for the safe and 

sustainable operation of the Uruguayan power system with today 2,700 MW 

installed capacity and a peak demand of 1,745 MW. The amount of 1,000 MW 

wind power will depending on the wind resources, and thereby the capacity factor, 

generate an annual amount of wind power corresponding to app. 25 % of the 
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annual power demand. The average capacity factor for the wind turbines is 

expected to be app. 39-40%. 
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3 Capacit y credit of t he wind energy 
resource ( com ponent 1) 

 
When installing wind turbines in a power system, the main benefit is most often 

caused by the fuel savings at thermal power plants in the system. If the wind 

turbines for instance generate 3,500 MWh electricity per year, and this amount of 

electricity can be absorbed by the grid, the power generation at thermal power 

plants can be reduced more or less correspondingly
1
 and the annual fuel savings 

may be in the range of 10,000 MWh per year, depending on the type of power 

plants and their electrical efficiency. This results in an economic as well as an 

environmental benefit. 

 
In addition to the benefit from saved fuels in the system (and also some other 

benefits, see section 3.2.1), variable generation such as wind generation can also 

have a contribution to the firm capacity. This contribution is also known as the 

capacity credit or the capacity value of the wind energy resource and is 

normally estimated by determining the capacity of conventional plants displaced by 

wind power whilst maintaining the same degree of system reliability. The 

displacement of conventional plants in the system will, in addition to the benefit 

from the fuel savings mentioned above, result in an economic benefit, mainly due to 

lower investment/capital costs. 

 
The definition of capacity credit does not take into account dynamic aspects from 

system operation like short term spinning reserve which should require additional 

considerations when comparing wind generation with other technologies. However, 

the large challenge in power systems is normally not spinning reserve and especially 

not in systems with much hydro power. 

 
The capacity credit of the wind energy resource should not be confused with the 

capacity factor of wind turbines. The capacity credit is about wind turbines' 

contribution to the system capability to match the power demand at every moment 

and can be expressed in for example MW. The capacity factor is about wind 

turbines' contribution to generating electrical energy (their primary function) and 

 
 
 

 
1
 Depending on any differences in network losses 
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can be expressed in for example MWh per year. If the capacity factor for instance is 

30%, the expected annual generation from 1 MW installed capacity of wind will be 

1 MW * 8760 hours/year * 0.3 = 2.628 MWh/year. 

 
The capacity credit of the wind energy resource depends on many different aspects 

including among others the geographic spread of the wind turbines. As part of 

component 1 (this section) and based on probabilistic studies concerning planned 

and unplanned outages of thermal and hydro generation, load profile, and local 

wind speed variability, the contribution of installed wind generation to the firm 

capacity of the system in Uruguay will be analysed for a number of different 

scenarios. 

 
The section is structured in the following sub sections: 

 

› Review of international experiences 
 

› Review of methodologies to determine firm capacity 
 

› Methodology to be used for the Uruguayan system 
 

› Calculation of the firm capacity (capacity credit) 

 
› Analysis and implications of the firm capacity contribution 

 
› Recommendation on regulatory guideline 

 

 

3. 1 Review of int ernat ional experiences 
 

 

3.1.1 Europe 
 

In Europe, system operators have the responsibility to maintain system adequacy at 

a defined high level. In other words, they should ensure that the generation system is 

able to cover the peak demand, avoiding loss-of-load events for a given security of 

supply. Every country has its own detailed method to assess the system adequacy. 

As the whole European system is interconnected, it is logical that national TSO's 

harmonise their approaches, which is mainly done under the umbrella of the larger 

systems such as UCTE, Nordic system, UK and Ireland system. The assessment 

methods of generation adequacy can be simulation or probabilistic, or a mix of the 

two – see 3.2.3. 

 
In the estimation of the adequacy, each power plant is assigned a typical capacity 

value. This takes into account outages, scheduled and unscheduled. No plant has a 

capacity value of 100 %, because there is always the probability that it will not be 

available when required. By making a system-wide reliability assessment, it is 

possible to rely partly on variable-output generation (such as e.g. wind) as well. In 

Europe, however, there is not yet a proper standard amongst the TSOs for the 

determination of wind power's capacity credit. 
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Despite the variation in wind conditions and system characteristics among the 

European countries and regions, capacity credit studies converge to similar results. 

For small penetrations, the relative capacity credit of wind power will be equal or 

close to the average production (capacity factor) during the period under 

consideration. When increasing penetration levels of wind energy in the system, its 

relative capacity credit becomes lower. 

 
The table below summarises the factors leading to higher or lower levels of 

capacity credit. The differences in results from various national studies can be 

better understood, when looking at these factors. For example, in a UK study the 

capacity credit of wind is significantly higher than the one found in a German 

study. This is explained by the fact that the average wind speeds in the UK are 

much higher than in Germany, and moreover, the assumed system reliability in the 

UK study (91 %) was much lower than in the German study (99 %). 

 
Table 2: Factors affecting positively and negatively the value of the capacity credit of a 

 certain amount of wind power in the system 
  

Hi g h er cap a cit y cr ed i t ( % ) Lo w er cap acit y cr ed i t ( % ) 
   

Low penetrat ion of wind power High penetrat ion of wind 
  

Higher average wind speed, high wind Lower average wind speeds 

season when dem and peaks  
  

Lower degree of syst em reliabilit y High degree of syst em reliabilit y 
  

Higher wind power plant ( aggregat ed) load Lower aggregat ed capacity fact or of wind 

fact or (det erm ined by wind clim at e and power 

plant efficiency)   
  

Dem and and wind are posit ive correlat ed Dem and and wind uncorrelat ed 
  

Low correlat ion of wind speeds at t he wind Higher correlat ion of wind speeds at wind 

farm sit es, (oft en relat ed to large size area farm sites, sm aller areas considered 

considered)   
  

Good wind power exchange through Poor wind power exchange bet ween 

int erconnect ion  syst em s 
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Figure 3: Average capacity credit for different values of wind (capacity) penetration 

for different situations: offshore/onshore, summer/winter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: EWEA, 2005 

 
I nt egrat ing wind 

 
Joining together, or "aggregating" wind energy production from several countries, 

strongly increases wind power's contribution to firm capacity in the system. The 

larger the geographical area represented by the grouped countries, the higher the 

increase of the capacity credit. In an European study (TradeWind, 2009), the effect 

of aggregating wind energy across multiple countries almost doubles the average 

capacity credit compared with the capacity credit averaged over separate countries. 

 
The capacity credit of wind power was calculated as the difference between the 

firm capacity of the system with and without wind energy, maintaining supply 

security level of 99 %. The capacity credit of wind power for individual countries 

was calculated from country specific wind energy time series, using seven wind 

years (2000-2006), and wind power capacity values corresponding to a medium 

scenario for 2020. The final result was considered to be the minimum capacity 

credit of the seven years. 

 
The effect of wind power aggregation was the strongest when wind power was 

shared by all European countries. At EU level without wind energy exchange, the 

total capacity credit was found to be 8 %. When the countries were aggregated, this 

figure increased by a factor 1.75 to reach 14 %. 

 
This is frequently referred to as smoothening effect which basically depends on 

how well developed the grid system is and the extent to which different wind 

regimes can be observed within the system evaluated. 
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Figure 4: Increase in the capacity credit in Europe due to wind energy exchange between 

countries in 2020 (12 % wind penetration). UCT2 covers Germany and France. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: TradeWind, 2009 
 

 

3.1.2 South Africa 
 

In South Africa, the Department of Energy has commissioned a study on the 

capacity credit of wind generation in South Africa. The purpose of the study was to 

assess the capacity credit of planned wind farms in South Africa and the impact of 

wind generation on the required dynamic performance of the thermal and hydro 

power plants. 

 
The analyses were carried out for different scenarios and by use of a Monte Carlo 

analysis approach considering: 

 
› Daily peak load characteristics 

 
› Planned and unplanned outages of conventional generators 

 
› Correlation of wind speed at different sites 

 
› Daily, weekly and monthly correlation between wind speeds and the daily 

peak load. 

 
› Correlation between wind speeds and daily full load hours 

 
The study has shown that besides contributing to the electrical energy supply, wind 

turbines can also have a valuable contribution to the equivalent firm capacity of a 

system. This means in other words, that with the addition of wind farms, the 

reliability of supply of a system is improved and that it is indeed possible to replace 

some conventional power plants by wind farms completely. 
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The conclusion was that the sites with best wind conditions may not be developed 

first, but factors such as surrounding infrastructure may be just as important in 

project developments. When considered in connection with a typical coal fired 

power station in South Africa, results showed that to have the same effect on 

generation capacity, the installed capacity of a wind farm must be approximately 3 

to 4 times higher than the installed capacity of a coal fired plant. Overall, for a wind 

generation plant in South Africa, the capacity credit of wind generation will be 

between 25 % and 30 % for installed wind generation of up to 10,000 MW. In the 

case of higher wind penetration (25,000 MW), the capacity credit of wind 

generation in South Africa will drop below 20 %. 

 
The wind penetration levels of the different scenarios varies between around 5 % 

and 20 % (based on peak load), which can be considered to be moderate, even in 

the scenario with 20 % penetration. 

 

 

3.1.3 Denm ark 
 

Denmark has approximately 4,000 MW wind turbines installed and an annual 

electricity demand of approximately 32 TWh. The wind turbines cover 25-30 % of 

the annual electricity demand. The figure below shows the development in installed 

wind power capacity from 1990 to 2011 and the wind power's share of domestic 

electricity supply. 

 
Figure 5: Wind power capacity and wind power’ s share of domestic electricity supply 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: The Danish Energy Agency 

 
In Denmark, the capacity credit from wind turbines has not yet been an issue, and 

actually a value of only 0 % is used in capacity balances. This is mainly because the 

capacity balance, i.e. the ratio between installed power capacity and peak demand, 

has been quite good for many years, also without taking the capacity from wind 

turbines into consideration. Furthermore, Denmark has very strong interconnections 

to neighbouring countries, including Norway with large amounts 
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of hydro power with storage capacity, and the power exchange takes place through 

a well-developed and well-functioning electricity market (NordPool). 

 
The figure below shows the capacity balance in the Nordic countries. Norway and 

Sweden are the only countries among these countries which include wind power 

when considering the capacity balance. Norway and Sweden use a capacity value 

for wind power of 10 % and 5 %, respectively. Both Denmark and Finland use 0 

%. 

 
Figure 6: Capacity balance in Nordic countries, 2009/2010 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: Nordel 

 

 

3.1.4 US 
 

In the United States, the question of wind's capacity value is gaining more attention. 

Wind's low cost and environmental benefits, and the higher costs of competing fuels, 

mean that system planners will need to grapple with how to determine the capacity 

value of wind energy. It does seem clear that wind's primary value is as an energy 

resource, but to the extent to which it contributes towards system adequacy is an 

important question. 

 
Wind generators typically have a very high mechanical availability, exceeding 95 % 

in many instances, i.e. the forced outage rate is often below 5 %. However, because 

wind generators only generate electricity when the wind is blowing, wind's 

availability rate (the rate that power and energy can actually be provided) is a 

function of the wind speed throughout the year. 

 
In the Unites States there are different methods to assess wind capacity credit, also 

depending on whether the calculated capacity credit should be used for system 

planning which require some detailed calculations or for capacity payment which 

may allow for some more pragmatic approaches. 
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One method is to determine the contribution that a certain amount of wind power 

makes to overall system adequacy. This is a straightforward process and has been 

well-known for several decades. The approach results in a capacity contribution 

that is called the Effective Load Carrying Capability (ELCC). To calculate ELCC, 

a database is required that contains hourly load requirements and generator 

characteristics. 

 
Because of the potential difficulty of assembling the appropriate data for doing the 

Loss Of Load Probability LOLP calculations, interest in simpler methods has 

emerged over the past several years. Many utilities, ISO's, and RTO's in the United 

States use peak period methods for assessing the wind capacity value. These 

methods require less data than the LOLP calculations; however an unfortunate 

aspect of these methods is that they are indeed an approximation (see also section 

3.2.3). 

 
An overview of different wind capacity values in the United States is shown in the 

figure below. 

 
Table 3: Wind capacity value in the United States 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: NREL (National Renewable Energy Laboratory) 
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3.1.5 Colom bia 
 

Colombia has developed a financial mechanism to produce an economic signal to 

investors as a price premium on reliable installed power capacity. This instrument 

aims at increasing the resilience (firmness) of the national interconnected system to 

extreme weather events, especially during unusually dry periods. The reliability 

payment, or firm capacity charge, should promote an efficient mix of energy 

sources, without discriminating renewable sources. 

 
Until recently, wind power was not eligible for a firm energy payment in Colombia. 

In July 2011 however, CREG released a proposal for measuring ENFICCs
2
 for wind 

plants based upon the historical experience of EPM's Jepírachi plant. Following a 

broadly similar methodology to that applied to hydro plants, the CREG used 

historical generation data from 2004 to 2011 to estimate monthly capacity factors 

for the Jepírachi wind farm, and derived an ENFICC Base of 6 % and an ENFICC 

95 % PSS (the amount of energy the plant can be relied upon to produce with 95 % 

probability) of 7.3 %. 

 
In its July 2011 document and in its subsequent draft Resolution 148 of October 

2011, the CREG suggest two alternative methods for calculating ENFICCs for 

wind plants; one for plants that have less than 10 years of information on wind 

resources, and another for plants that have at least 10 years of information. In the 

first case, they use the operating experience from Jepírachi as the basis for 

determining the ENFICCs for a new wind power plant, i.e. 6 % ENFICC BASE 

and 7.3 % ENFICC 95 % PSS. 

 
For plants for which there is more than 10 years of wind data, they use the 

following formula: 

 
E = min (24*1000*k*v3; 24*1000*CEN*(1-IHF)) 

 
Where:  
E: energy (kWh/day)  
k: conversion factor for wind plants  
v: average monthly wind speed (m/s)  
IHF: historic forced outage rate  
CEN: Effective net capacity (MW) 

 
With this formula, the CREG constructs a probability distribution curve, from the 

lowest to the highest level of firm energy, using monthly values. The lowest firm 

energy factor corresponds to a 100 % probability of it being exceeded and the 

highest value has a 0 % probability of being exceeded. 

 
 
 
 
 
 

 
2
 ENFICC = Energía Firme para el Cargo por Confiabilidad. ENFICC refers to 

the amount of energy a generator of a given type can reliably and continually 
produce during periods when hydro generating capacity is at a minimum. 
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The World Bank study, on the other hand, suggested measuring ENFICCs for wind  
plants using the following exponential smoothing formula under which the 
“firm energy rating” (the ENFICC) is updated annually: 

 
Firm energy rating in t+1 = (firm energy rating in t) + (energy produced 
in year t), 

 
The firm energy rating for the initial year t could be based on recent data; for 

instance, plants located on the northern coast could use the period of generation 

recorded by Jepírachi. According to the World Bank, the firm energy rating will 

adjust quickly to the long run average level of firm energy capability, even if the 

initial estimate is wrong. 

 
Applying their formula to a 24-year series of monthly wind and production data 

related to the Jepírachi plant, the WB estimated an average annual firm energy 

rating of 38 %, with a range between 25 % and 47 %. They also estimated a firm 

energy rating for dry seasons of 40 %, with a range from 30 % to 47 %. 

 
The difference of these two approaches (WB and CREG) is significant when 

measured in terms of the financial consequences. 

 

 

3.1.6 Mexico 
 

In Mexico, one of the large national utility companies, CFE, has been reluctant to 

invest in wind energy facilities due to concerns about the economics and 

intermittency of wind power. Apart from large hydropower, the only RE power that 

CFE was willing to consider was geothermal, because it offered firm capacity and 

could be dispatched on demand. In 2002, the Ministry of Energy (SENER) issued a 

policy directive requiring CFE to finance its own wind power generation. This 

mandate from SENER allowed CFE to proceed without having to show least cost. 

 
Whereas the initial SENER directive focused on overcoming reluctance by CFE to 

include wind in its generation portfolio, much of the new electric capacity in Mexico 

was being built by IPPs that was building natural gas combined cycle units and was 

inexperienced with wind farms. To build this experience, while also developing 

CFE's institutional capacity to value, acquire and manage renewable energy 

resources, and to make the costs more competitive with conventional power supply 

options, the government of Mexico issued additional instructions to CFE to contract 

for renewable energy capacity and obtained a $70 million grant from the Global 

Environment Facility (GEF) through the International Bank for Construction and 

Redevelopment. Through that fund, CFE could pay each IPP an additional incentive 

of up to 1.1 cent per kWh delivered (a feed-in-tariff) for the first five years of 

generation. 

 
A key challenge, however, in fostering renewable energy through IPPs involved 

reaching agreement on the rules of payment. Normally, IPPs would be paid not only 

for the energy delivered, but also for their generation capacity, any amount of which 

could be requested by CFE at any time. However, CFE was unwilling to pay for 

capacity for intermittent sources. The main problem with wind IPPs is that the 

 
 

 
C: \ Users\ agiraldez\ Deskt op\ I nform es Consult orias\ COWI Uruguay Final Report 020514.doc 



COWI Uruguay Final Report 020514.pdf Expediente Nro. 0122-02-006-2016 Actuación 4 
 
 
 
 

 
I nt egrat ion of large am ount s of w ind energy in Uruguay 23 

 

 
IPPs cannot guarantee that the wind will blow when capacity is required by CFE, 

and therefore the capacity payment could not be treated in the same way as for a 

natural gas combined cycle unit. Finally, the decision was taken to base the capacity 

payment for wind on the available capacity during peak periods (on average each 

month) and simply include it as part of CFEs total payment per kilowatt-hour 

delivered to the grid, recognizing that when the power was delivered, it was because 

the capacity was available. This capacity payment, approved by the Energy 

Regulatory Commission in 2005, was important to make wind projects economically 

viable for IPPs. 

 

 

3. 2 Review of m ethodologies t o det erm ine firm 
capacit y 

 
The aim of a power plant in a power system is to supply the load in an economical, 

reliable and environmentally acceptable way. Different power plants can fulfil these 

requirements in different ways. This section will describe the different requirements 

on a power plant and how these requirements can be met with wind power. 

 
 

 

3.2.1 The Value of a power plant 
 

Different power plants have different characteristics concerning how they can be 

controlled in the power system. A common situation is that the value of a new power 

plant is considered to be the marginal value of the plant in an existing power system. 

The different types of value in relation to the new power plant are described below. 

 

 
Operat ing cost value 

 
Operating cost value is the capability of the new power plant to decrease the 

operating costs in the existing power system. 

 
For instance, if a new power plant – more efficient / with lower variable costs than 

the existing ones – is added to the system, this power plant will supply energy to the 

system. This means that the energy production of other and less efficient / more 

expensive power plants in the existing system will decrease. The consequence is that 

the operating costs in these plants decrease. 

 
Capacit y credit 

 
Capacity credit refers to the capability of the new power plant to increase the 

reliability of the power system. 

 
One possible way to measure the reliability of a power system, is the so-called loss 

of load probability (LOLP), calculated as the risk of a capacity deficit in the system. 

This risk is in many systems, e.g. in OECD countries very low, but in some systems 

it can also by rather high. In the case of a capacity deficit, some load has to be 

disconnected. If a new power plant is added to this system there is a certain chance 

that customers do not have to be disconnected so often, since the installed capacity 

of the system increases. This implies that the reliability of the system increases, as a 

result of the new power plant. 
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Cont rol value 

 
Control value is a value related to the capability of the new power plant to follow 

the net-load, i.e., load minus production in variable power sources. 

 
In a power system, there is a need for continuous production control, since total 

production always has to be equal to system load, including losses. Since load and 

some power sources vary continuously, the production in some controllable sources 

also has to vary continuously. This value is different for different power plants. It 

can also become negative if the new power plant increases the need for control in 

the system, as would often be the case for wind power plants. 

 
Loss reduct ion value 

 
Loss reduction value relates to the capability of the new power plant to reduce grid 

losses in the system. 

 
Power transmission and distribution always causes grid losses. If power is 

transmitted over long distances and/or at low voltages, the losses are relatively high. 

If a new power plant is located closer to the consumers, compared with existing 

power plants, the losses in the system decrease, since the amount of transmitted 

power decreases. This implies that the new power plant has extra value related to its 

capability of reducing these losses. However, a negative value means that the new 

power plant increases system losses. 

 
Grid invest m ent value 

 
Grid investment value refers to the capability of the new power plant to decrease 

the need of grid investments in the power system. 

 
If a new power plant is located close to consumers exhibiting increasing demand 

the new power plant may reduce the need for new grid investments. This 

constitutes extra value in relation to this plant. Also, this value can be negative if 

the new power plant increases the need for grid investments. 

 

 

3.2.2 The Capacit y Credit of wind power 
 

As stated in chapter 3.2.1, the value of a power plant can be divided into several  
sub values. In this chapter, the sub value “Capacity credit” will be 
described for wind power. 

 
In any power system there is always a certain risk of capacity deficit, measured as 

Loss of Load Probability, LOLP. The used term is system adequacy, i.e., there 

should be enough capacity for the system needs. The level of this is different in 

different systems, and an indication of the level is how often there has been forced 

load disconnection caused by lack of available capacity for decades. 

 
Definition of Capacit y Credit 

 
The capacity credit is defined as the possibility for a certain power plant to increase 

the reliability, measured as decreased LOLP, of the power system with a certain 

level. There are some slightly different definitions: 
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› Equivalent Load Carrying Capability- ELCC: If X MW of a power plant 

result in that the demand can increase with Y MW at the same LOLP, then the 

capacity credit as ELCC of the X MW power plant is Y MW 

 
› Equivalent Firm Capacity-EFC: If X MW of a power gives the same 

decrease of LOLP as a 100 percent reliable Y MW power plant, then the 

capacity credit as EFC of the X MW power plant is Y MW 

 
› Equivalent Conventional Capacity-ECC: If X MW of a power gives the 

same decrease of LOLP as a conventional, not 100 percent reliable, Y MW 

power plant, then the capacity credit as ECC of the X MW power plant is Y 

MW 

 
The basic theory of this was presented by Garver in IEEE Transactions on Power 

Apparatus and Systems in August 1966 in a paper with the title Effective Load 

Carrying Capability of Generating Units. The method and definition has also been 

applied to wind power since the end of the 1970s. 

 
I llust ration of wind power capacit y credit 

 
The capacity credit of wind power treats the possibility of wind power to increase 

the reliability of the power system. Figure 7 shows an illustrative example of a 

weekly load where the available capacity is 3200 MW. This implies that there will 

be capacity deficit during 40 hours in that week. 

 
Figure 7: Occasions with capacity deficit without wind power 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Wind power is now introduced in this system and that available capacity is 

increased according to Figure 8. In the figure real wind power has been scaled up 

to get a significant production level. The consequence of this amount of wind 

power is that the number of hours with capacity deficit has decreased to 27. 

 
Figure 8: Occasions with capacity deficit with wind power 
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This means that the reliability of the power system has increased thanks to wind 

power, i.e. lower LOLP. Assume that the reliability was acceptable before wind 

power was installed. This implies that the power system can meet a higher demand 

with wind power if the same reliability level is accepted. 

 
Figure 9: Occasions with capacity deficit with wind power and load +300 MW 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

In Figure 9 it is shown that if the load increases with 300 MW during each hour, 

then the number of hours with capacity deficit increases to 40. This implies that the 

capacity credit of the studied amount of wind power measured as equivalent load 

carrying capability is 300 MW. 

 
It should be noted that Figure 7 to Figure 9 only provide an illustration of how to 

estimate the capacity credit. The risk of capacity deficit is normally much lower 

than the here shown figures, often much lower than 0.1%. It is also important to 

note that the risk of capacity deficit cannot be zero for this calculation since the 

reliability cannot be increased in this case, i.e. the capacity credit is zero for any 

power plant. It should also be noted that it is not only the peak demand that is of 

interest, but also other situations. 

 
There remains the question of how wind power can have a capacity credit when 

there are situations with no wind? It has to be kept in mind that for any power 

source there is a risk that it is not available during peak loads. The method used 

here to define capacity credit is exactly the same as the method that is used to 

define the capacity credit for other sources (Garver, 1966). The example above 

shows that the number of hours with capacity deficit decreases, but not to zero, 
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when the amount of wind power increases. During hour 60, for instance, there is no 

wind, and it does not matter whether the amount of installed wind power capacity 

increases during this hour, since there is no wind. But the figures also show that 

during peak hours there is sometimes wind, which means that wind power can 

decrease the risk of a capacity deficit. In the figures, one week is used for illustrative 

purposes, but the data of a longer period, probably over several years, has to be used 

to be able to draw general conclusions. 

 

 

3.2.3 Method for how t o calculat e the Capacit y Credit of wind 
power 

 
There are basically two different ways to calculate the capacity value of wind 

power: by simulation and by probabilistic analysis. 

 
In simulation methods (not used in this project), the reliable operation of the 

system is observed and analysed by stepping through time-series data using 

simulation models. The results should be interpreted with care since single events 

tend to dominate the result. The most significant events are special combinations of 

load and wind speed, especially in the high load period. In order to grasp the effect 

of such special combinations in the simulation methods, a sensitivity analysis can be 

performed, shifting the time series of wind power against the load data in steps of 

days. 

 
In the probabilistic method - which is the preferred method for system planning 

purposes - basically the availability of all power plant in the generation system is 

considered when the capacity credit for one of them is assessed. For instance, it is 

generally assumed that a coal power plant has an operational probability of about 

96% and the probability of non-operational condition (scheduled or unscheduled) of 

4%. This is denoted Forced Outage Rated, FOR. In order to take wind power into 

account, its capacity and probabilities have to be introduced into the model. The 

probability of generation of individual wind turbines is determined by the wind 

regime, an assumption which automatically induces a certain correlation between the 

power outputs of the individual wind turbines. A realistic representation needs to 

take smoothing effects into account, which arise from the geographical dispersion of 

wind farm locations. On the basis of the probabilities of individual power plants and 

the wind power, the probabilities of the whole generation system to cover different 

load events can be derived. 

 
The probabilistic methods can be divided into the methods described in the 

previous section (ELCC, EFC and ECC), which are all based on calculation of the 

loss of load probability, LOLP (or alternatively LOLE
3
), as well as some more 

simple approximation methods, also called "Peak period" methods. 
 
 
 
 
 
 

 
3
 Sometimes LOLE (Loss of Load Expectation in days per year) is used as reliability 

metric for the system instead of LOLP (Loss of Load Probability in percent). 
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Met hods based on LOLP 

 
As shown above the capacity credit can be based on calculation of the loss of load 

probability, LOLP. The three different methods ELCC, EFC and ECC all use the 

basic method: 

 
a) Calculate LOLP(no wind) without wind power 

 

b) Add X MW of wind power and calculate LOLP(X MW of wind power) 

 

c) Add load (Y MW in ELCC) until LOLP(Y MW extra load)=LOLP(no wind). 

Or replace the wind power plant (with Y MW firm capacity in EFC), (with Y 

MW conventional capacity in ECC) until LOLP(with this Y MW power plant) 

= LOLP(X MW of wind power) 

 
The result from these calculations is then that X MW of wind power has the 

capacity credit of Y MW. The LOLP can be calculated in the following way. We 

here assume 

 

› The demand is represented with a load duration curve, LDC 
 

› The conventional power plants have a certain availability, pk, and an installed 

capacity, Gk 

 
› The method is denoted Probabilistic Production Costing, PPC, but here we 

only use the LOLP calculation and not the calculation of expected production 

and expected cost. 

 
The fundamental PPC method is as follows. The method is based on the concept of  
“equivalent load” . The equivalent load is the sum of the load and outages, 

where outages, O, in a power plant is the difference between the installed 

capacity, IC, and available capacity, AC. For power plant nr k this then means 

 
(1) 

 
The Equivalent Load, EL, is the sum of Load, L, and Outages in all the K power 

plants, Ok: 

 
(2) 

 
We here treat load changes and outages in power plants as independent stochastic 

variables. This then means that the equation implies convolution. With probability 

denoted p(…): The LOLP = risk of capacity deficit = risk that (the load > 

available capacity) = risk that (load >installed capacity – outages) = risk that (load 

+ outages > installed capacity) = risk that (equivalent load > installed capacity), or 

 
 

 

(3) 
 
 
 
 
 
C: \ Users\ agiraldez\ Deskt op\ I nform es Consult orias\ COWI Uruguay Final Report 020514.doc 



COWI Uruguay Final Report 020514.pdf Expediente Nro. 0122-02-006-2016 Actuación 4 
 
 
 
 

 
I nt egrat ion of large am ount s of w ind energy in Uruguay 29 

 

 

So the challenge is then to estimate the “Equivalent Load Duration Curve” 
which can be obtained from equation 2 using convolution as 

 
(4) 

 
where 

 

F0(x) = Load Duration Curve in point x 

 

Pk= availability of power plant k 

 

Qk = 1-pk = unavailability of power plant k 

 

Gk = installed capacity in power plant k 

 
The method to calculate the LOLP is then: 

 

Start with the Load Duration Curve, i.e., F0(x) 

 
Add one power plant (hydro or thermal) and calculate the next Equivalent Load 

Duration Curve, F1(x) with eq. 4. 

 
Add one extra power plant at the time until the last Equivalent Load Duration 

Curve, FK(x), including all units is obtained with eq. 4. 
 

The LOLP can then be read as FK(Total installed capacity), c.f. eq. 3. 

 
There are some issues that have to be considered in the calculation for wind power 

capacity credit: 

 

› When wind power is added one have to consider the correlation between wind 

and load. If one then have parallel data for several years, one can for each hour 

calculate:  
Net load (hour j) = Load (hour j) – total wind power (hour j)  
One will then add wind power by calculating the Net Load Duration Curve. 

 
› If the availability of conventional power plants is very different over the year, 

then one perhaps have to make LOLP calculations for different periods of the 

year and then weight them together. 

 
Peak period m et hods 

 
Because of the potential difficulty of assembling the appropriate data for doing the 

LOLP calculations, interest in simpler methods has emerged over the past several 

years. Many utilities, ISO's, and RTO's in the United States use peak period methods 

for assessing the wind capacity value. These methods require less data than the 

LOLP calculations; however an unfortunate aspect of these methods is that they are 

indeed approximations. 
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For instance in the PJM Regional Transmission Organisation, the capacity credit for 

wind is based on the wind generator’ s capacity factor during the hours from hours 

ending 3 p.m. to 6 p.m., local prevailing time, from June 1st through August 31st. The 

capacity credit is a rolling 3-year average, with the most recent year’ s data 

replacing the oldest year’s data. Because of insufficient wind generation data, PJM 

has applied a capacity credit “class average” of 20% for new wind projects, to be 
replaced by the wind generator’ s capacity credit as noted earlier once the wind 
project is in operation for at least a year. As an example, a new wind generator will 

receive a capacity credit of 20% the first year, and for the second year, the average 

of the wind generator’ s capacity factor during the hours from 3 p.m. to 7 p.m. from  
June 1 through August 31 and 20%, weighed twice since there is only one year of 

operational data. For the third year, a wind generator will receive the average of 
 

20% and the wind generator’ s capacity factor during the hours from 3 p.m. 
to 7 p.m. for June 1 through August 31 for years two and three, and so on. In May 

2008, PJM replaced the 20% capacity credit class average with 13%, based on the 

average capacity factor during the 3 – 7 p.m. hours from June through August for all 

wind generators that have been in operation for three years or more in PJM. The 

revised capacity credit will take effect for the 2011/12 period; the 20% class average 

will remain in effect until then. A higher project-specific capacity credit may be 

obtainable if the wind developer provides evidence that the wind turbine design and 

wind patterns justify the use of a higher capacity credit than the PJM class average 

for wind. 

 
Another example of the peak period method is the California Public Utilities 

Commission (CPUC). They have a local resource adequacy requirement that 

requires load-serving entities under the CPUC’ s jurisdiction to provide 
evidence that at least 90% of the capacity needed to meet demand is available, plus 

a planning reserve margin of 15% to 17%, on a year-ahead basis for the following 

May through September. The CPUC determines these capacity obligations 

annually. The monthly net qualifying capacity credit of wind is determined by the 

three-year average of monthly hourly production between noon and 6:00 p.m. on 

weekdays. For wind projects with less than three years of operation, a “class 

average” of all wind generation within a transmission zone will be used, 
supplemented with project-specific data when available. A CPUC staff paper 

determined that the monthly net qualifying capacity value of wind in summer 2007 

ranged from 20% to 60% of nameplate capacity in June, to between 15% and 30% 

in July and August. There also was considerable variation between the different 

wind development areas. 

 

 

3. 3 Methodology to be used for the Uruguayan 
system 

 
The peak load methods as described in the previous section are most often used in 

connection with capacity payment to wind generators in countries/systems where the 

payment is divided into two parts, i.e., an energy part (money/kWh) and a capacity 

part (money/MW). However, when the capacity credit from wind generators is to be 

used for system planning purposes and for assessments of system reliability and 

system adequacy, the more accurate methods based on LOLP calculations should be 

used instead. 
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From the discussions during the kick-off meeting in February 2013, it became clear 

that the purpose of calculating the capacity credit for wind power in the Uruguayan 

system is for system planning. In Uruguay, the power demand is expected to 

increase in the coming years and at the same time some of the existing conventional 

generators will come to face their end of lifetime, as well as new conventional 

plants, like a 500 MW Combined Cycle GT will be commissioned. There is 

therefore a need for assessing the system reliability and for assessing how the 

planned wind turbines will contribute to the system adequacy. 

 
Based on this, and due the fact that data needed for carrying out the LOLP 

calculations seems to be available, it is strongly recommended to use the 

methodologies based on these calculations, i.e., the ELCC, EFC or ECC 

methodology. 

 
There is only a slightly difference in the definition of the three methods, ELCC, 

EFC and ECC. In order to illustrate the difference and because the LOLP 

calculation is basically the same for all three methods the capacity credit will be 

calculated by all three methods. 

 
The recommended method uses hourly data for the whole year (demand data and 

wind data) and not only selected peak load data. This is important because it is not 

only the peak demand situation that is of interest, but also other situations. 

 
As agreed during the kick-off meeting, the calculations of capacity credit will be 

carried out without taking the power interconnectors into consideration. 

Furthermore, as agreed during the kick-off meeting, the calculations of capacity 

credit will be carried out for three different scenarios with regard to the amount of 

wind power (penetration level), i.e., 800 MW, 1000 MW and 1200 MW. The 1000 

MW is regarded as the base case with a variation of +/- 20% in installed capacity. 

The calculation method assumes as an approximation the same variation in 

production for all three scenarios with regard to amount of wind power and scales 

up and down the production each hour with the capacity installed. 

 
The wind power production estimates are based on the assumption that there will be 

three large scale wind parks. That is not the case as there will be several smaller 

wind parks. This approximation is conservative as it reduces the smoothening effect 

– see 3.4.2 and 3.5 for wind production considerations. 

 
As a first steep all calculations will be carried out for the year 2016 by use of 2012 

wind data, up scaled 2012 load data and without water limitations. Subsequently 

three specific years will be studied – a dry year an average year and a wet year – 

see 3.4.3 

 
The main input to the calculations will be: 

 

› Hourly load profiles 

 
› Hourly wind production profiles 
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› Installed capacities and availabilities for thermal and hydro generators in the 
system in 2016 

 
› A chosen system reliability requirement (corresponding to the one in the 

system with no wind which will be calculated) 

 
The hourly load profiles as well as short term wind data have been provided by 

MIEM. In addition to these data, the consultant has been able to get long term wind 

data which correlates with the short term data. 

 
The installed capacities and the proposed availabilities for thermal and hydro 

generators in the system in 2016 are shown in Table 4 below. 

 
 Table 4: Installed capacities and availabilities for thermal and hydro generators in 2016 
       

   Ty p e Fu el Ca p a cit y , A v ai l ab i l i t y , 

     M W % 
       

 Hy d r o p o w er    1 ,5 3 8  

 
- Sal t o Gr an d e 

 Hydro wit h 
- 

945 
99.5   

st orage ( 7x135)      

 
- Ri n có n d el Bo n et e 

Hydro wit h 
- 

152 
99.5  

st orage (4x38)      

 
- Ba y g o r r ia 

 Hydro run of 
- 

108 
99.5   

river (3x36)      

 
- Pal m a r 

 Hydro wit h 
- 

333 
99.5   

st orage ( 3x111)      

       

 Th er m a l    1 ,3 3 0  

 
- N ew  CC 

 Com bined 
Nat ural gas 1 x 500 85   

cycle       

 - Qu in t a  St eam t urbine Fuel oil 1 x 80 70 

 - Sal a B  St eam t urbine Fuel oil 1 x 50 45 

 - Sex t a  St eam t urbine Fuel oil 1 x 120 70 

 - CTR  Gas t urbine Gas oil 2 x 100 70 

 - PTI  Gas t urbine Gas oil 6 x 50 70 

 
- M o t o r es 

 I nt ernal Fuel oil / Gas 
8 x 10 80   

Com bust ion oil      

       

 Bi o m a ss  - - 2 3 0 70 
       

 To t a l  - - 3 .0 9 8 - 
       

 

 

3. 4 Calculation of t he firm capacit y 
 

This evaluation will first be based on load data and wind power data from 2012 to 

be representative for a situation in 2016. Available load data from 2012 are shown 

in Figure 10. 
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Figure 10: Load data from 2012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

There are two extreme values. One up (2129 MW, day 71, 2nd hour = 2012-03-11, 

hour 1), and one down (0 MW, day 281, 2nd hour = 2012-10-07, hour 1). The 

origin for these two hours is the winter/summer official time change carried out 

every year at the second hour of the 1st Sunday of October and the 2nd Sunday of 

March. We will here replace them with the mean value of the previous and 

following hour. 

 
The load from 2012 to 2016 is assumed to increase with 3.7 % per year, i.e. 

multiply the load during each hour with 1.037^4. The result is shown in Figure 11. 

The yearly energy consumption = the sum of all values = the area under the curve is 

11.618 TWh. 

 
Figure 11: Applied load data for 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The load data in Figure 11 can now be sorted in decreasing order. One then gets the  
Load Duration Curve (type 1). This is shown in Figure 12. 
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Figure 12: Load duration curve (type 1) for load during 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The next step in the evaluation is to interchange axis for the load duration curve in  
Figure 12. The result is shown in Figure 13. 

 
Figure 13: Load duration curve for load during 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

When one wants to make calculations one cannot directly use the data vectors used 

in Figure 13, since they are evenly distributed along the y-axis and not along, the x-

axis. We need to have one value on the y-axis for each MW-step on the x-axis.  
This is illustrated in Figure 14. The figure shows how the hour value (= 41.96h) for 

the level 1906 MW is obtained with linear interpolation between the two points 

(1906.57 MW, 41h) and (1905.26 MW, 43h). The interpretation is that the load level 

1906 MW is exceeded during 41.96 hours. 
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Figure 14: Interpolation to get values on y-axis for each MW on the x-axis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4.1 Calculat ion of energy product ion and Loss of Load 
probability with therm al and hydro power plant s 

 
The power plants are tabulated in Table 5. 

 
 Table 5: Thermal and hydro power plants   
      

 Power plant  MW Availability Merit order 

    [%]  

 Salto-Grande-base 70 99.5 1 

 Biomass  230 70 2 

 New-CCGT  500 85 3 

 PTI  6*50 70 4 

 Motores  8*10 80 5 

 Quinta  80 70 6 

 Sexta  120 70 7 

 Sala B  50 45 8 

 CTR  2*100 70 9 

 Rincón del Bonete 4*38 99.5 10 

 Baygorria  3*36 99.5 1 1 

 Palmar  3*11 1 99.5 1 2 

 Salto Grande-  6*146 99.5 13 

 flexible     
 

 

The calculations will be performed using the Probabilistic Production Cost 

Method. This means that one performs convolution where the assumption is that 

outages in different power plants are independent from each other and are as 

common in high load as during low load. 

 
The challenge is then to estimate the “Equivalent Load Duration Curve” 
which can be obtained as 

 
(1) 
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where 

 

F0(x) = Load Duration Curve in point x, as drawn in Figure 13 

 

Pk= availability of power plant k, from Table 5 

 

Qk = 1-pk = unavailability of power plant k 

 

Gk = installed capacity in power plant k, from Table 5 

 
We first assume that hydro plants are used first (base load), and then secondly that 

they are loaded at the end (peak shaving). All the equivalent load duration curves 

are shown in Figure 15. 

 
Figure 15: Equivalent load duration curves. The one to the left is the first load duration 

curve, i.e. the same as in Figure 13. The next one then contains 

(equivalent load 1 = load+ outages in unit 1) and the next (equivalent load 

2 = load + outage in units 1 and 2) etc. up to the one to the right which 

includes (final equivalent load = load + outage in all units). The LOLP is 

equal to probability that (load > available capacity) = probability that (load > 

installed capacity – outages) = probability that (load + outages > installed 

capacity) = probability that (equivalent load > installed capacity). Because 

of this the LOLP can be read directly in the final equivalent load duration 

curve = the value in the point of installed capacity. 
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The expected energy production depends on whether the hydro power is base 

loaded or peak loaded. Base loaded means that the power is used all the time. Peak 

loaded means that hydro power is only used when the other power plants cannot 

meet the demand. The method used, i.e., study a whole period (here a year) means 

that peak loading assumes that the water can be stored to be used only in peak load 

situation and not used at all when other power plants can meet the load. It is also 

possible to have some hydro power base loaded and some power peak loaded. It is 

also possible to load hydro in any positions between these level, if, e.g., some 

thermal units are only used in peak load situations. From reliability point of view 

(LOLP) it does not matter in which order the hydro power is loaded, as long as 
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there is water enough to produce the calculated energy. The result is shown in 

Table 6. 

 
Table 6: Results for energy production per source with data according to Table 5 

     

Power plant  Hydro power Hydro power Hydro power 

  base loaded peak loaded peak loaded 

  [TWh] [TWh] -948 MW [TWh] 

Salto-Grande-base 0.6118 0.6118 0.6118 

Biomass  0.1264 1 .414 1 .41 4 

New-CCGT  0.06124 3.733 3.733 

PTI  0.009484 1 .81 1 .81 

Motores  0.0007403 0.5176 0.51 76 

Quinta  0.000291 5 0.4271 0.4271 

Sexta  0.000193 0.5914 0.5914 

Sala B  3.157e-005 0.1 482 0.1482 

CTR  7.767e-005 0.8021 0.8021 

Rincón del Bonete 1 .328 0.6523 0.6523 

Baygorria  0.9439 0.321 0.321 

Palmar  2.91 0.4705 0.1035 

Salto Grande-  5.621 0.1151 0.311 

flexible     

Total prod:
4 

 11.61 11.61 11.44 

Total hydro prod.: 11.42 2.171 2.00 

LOLP [hours/year 0.2882 0.2882 910.3 

 

 
For the four hydro power plants one can see that the difference in energy 

production when they are base loaded (total production = 11.42 TWh), and peak 

loaded (total production is 2.171 TWh) is 9.25 TWh which then depends on the 

water availability. 

 
If the water availability is lower than 2.171 TWh then the installed capacity cannot 

be used as much as needed. Peak loading of hydro power means that hydro power is 

only used when all the other power plants cannot meet the load. If peak loading 

results in too much use of hydro energy, then this corresponds to that all the 

capacity in hydro power cannot be used all the time (since there is not enough 

water). The situation can be simulated by reducing the capacity in the hydro power 

until the energy target is reached. We assume here that: 

 

› hydro power is fully controllable (i.e. no base load hydro power) 
 

› the available hydro energy is 2.0 TWh (just taken as an example here) 
 
 
 
 

 
4
 The reason why the figures are smaller than 11.618 is that there is some LOLP (= not 

all energy is served). 
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› we decrease the capacity at some hydro power plants until the target is 
obtained 

 
A way to get this is to decrease each of the six peak capacity units in Salto Grande 

with 110 MW => a total decrease of 660 MW, and each of the 3 hydro units in 

Palmar with 96 MW => a decrease of 288 MW i.e. a total capacity decrease of 948 

MW. The result is shown in the right column of Table 6. The total hydro power 

production is now 0,6118+0,6523+0,321+0,1035+0,311=2,0 TWh and the amount of 

hours with not enough capacity has increased significantly from 0,288 hours per year 

to 910 hours per year. 

 
The LOLP means formally “loss of load probability”, but if one has other 
power plants or if the area is interconnected to other areas, then in this case this 

means that during 0,288 hours per year (=0.003 percent of the year) other capacity 

is needed, i.e. import or other units. With lower amount of water this time 

increases to 10.4 percent of the year. Table 6 also shows that lack of water 

decreases the energy production since the demand cannot always be fulfilled, in 

this case a decrease of 11.61-11.44 = 0.17 TWh. 

 
For a further explanation of the calculations with hydro power including also the 

peak-loading, see Appendix A. 

 
For a description of how to handle dry year situation concerning LOLP calculation, 

see also Appendix B. 

 

 

3.4.2 I ntroduct ion of wind power in the calculat ions 
 

Wind power data from three sites are available for the years 1983-2012. The size of 

the wind parks are shown in Table 7. Available short term data from several sites 

were compared and the conclusion was that the wind regime in Uruguay is rather 

similar. In other words when the wind blows it blows all over Uruguay – having said 

that it is rather conservative to spread the 1000 MW on only three sites as it will not 

take full account of the smoothening effect. 

 
Table 7: Three sites with wind power 

   

Name Installed  
 amount of MW  

Pintado 400  

Peralta 200  

Caracoles 400  
 

 
Here first the wind power data for the year 2012 will be used. Figure 16 shows the 

production per site for one day, and Figure 17 shows the total production for the 

first two weeks of 2012. 
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Figure 16: Wind power production in the three sites during January 1, 2012 
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Figure 17: Total wind power production from the three sites during the first two weeks of  

  2012       
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If one then takes the whole year then the production is shown in Figure 18. The 

yearly energy production is 3.16 TWh and the maximum production is 901.49 

MW, i.e., installed capacity (1000 MW) is never obtained. The utilization time 

(yearly production) / (installed capacity) then becomes 3441583/1000 = 3162 

hours. 

 
Figure 18: Total wind power production during 2012 
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The data in Figure 18 can be sorted and then one obtains the duration curve of the 

produced wind power. This curve is shown in Figure 19. 

 
Figure 19: Wind power production duration curve for 2012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

One can now perform the same calculation as above, when there was no wind 

power. The first step is to calculate the net demand. This is performed so one for 

each hour takes: 

 
Net load (hour k) = load (hour k) – wind power (hour k) 

 
When this is done, one can calculate the net load duration curve. This is shown in  
Figure 20 together with the original load duration curve from Figure 13. 

 
Figure 20: Net load duration curve and original load duration curve (same as in Figure  
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One can now integrate all the other power plants with the same method as shown 

earlier, but now use the net load duration curve. One can see it as the other power 

plant have to cover the rest of the load that is not covered by wind power. The 

result is shown in Table 8. In the table it is that the reliability of the system is 

improved thanks to wind power since the LOLP has decreased to 0.02399 

hours/year (earlier 0.2882 hours/year). 
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Table 8: Energy production and system reliability with wind power in the system 

     

Power plant  Hydro power Hydro power  
  base loaded peak loaded [TWh]  

  [TWh]   
Wind power  3.162 3.1 62  

Salto-Grande-base 0.6111 0.6111  

Biomass  0.02379 1.397  

New-CCGT  0.01 01 7 3.318  

PTI  0.001643 1 .25  

Motores  9.274e-005 0.3128  

Quinta  3.126e-005 0.2404  

Sexta  1.833e-005 0.3073  

Sala B  2.932e-006 0.07329  

CTR  6.663e-006 0.3688  

Rincón del Bonete 1 .31 9 0.2695  

Baygorria  0.9207 0.1 2  

Palmar  2.61 5 0.1 557  

Salto Grande-  2.952 0.02895  

flexible     

Total prod:  3.162+8.453=1 1 .61 3.1 62+8.453=11 .61  

Total hydro prod.: 8.418 1.185  

LOLP [hours/year] 0.02399 0.02399  

 
The “capacity credit” can now be estimated with the three different methods: 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2882 hours per year as stated in Table 6. If one now take the system with wind 

power and increases the load during each hour, then the LOLP will increase. If one 

increases the load during each hour with 153.3 MW then the LOLP becomes 0.2885 

hours/year (instead of 0.024). This means that the ELCC capacity credit of 

1000 MW of wind power is 153.3 MW. 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 135.0 MW then the LOLP becomes 0.0231 hours per year. This means that 

the EFC capacity credit of 1000 MW of wind power is 135 MW. This is not 

exactly the same as the ELCC. The reason is that one makes the comparison at 

different Equivalent Load Duration Curves (ELDC). For ELCC one studies the 

ELDC with wind power, while one for the EFC-method studies the ELDC without 

wind power. 

 
Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

the conventional power plant has an availability of 80 percent, i.e. the same as 
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the new CCGT plant. If one then take the base system and adds one 80 percent 

available power station with capacity 1000 MW then the LOLP becomes 0.0576 

hours per year. This means that it is not possible, no matter the size of the unit to 

have one unit with 80 percent availability that decreases the LOLP to the required 

level 0.024 hours per year. Since there is not extra capacity during 20 percent of the 

time (with an assumption of 80 percent availability), then it is only possible to 

decrease the LOLP to 0.2*0.2882=0.0576 hours/year. We now instead use three 

extra power plants of equal size and availability 80 percent. If the size of each of 

these three plants is 66 MW, then the LOLP becomes 0.0235. This means that the  
ECC capacity credit of 1000 MW of wind power is infinite MW if one 

plant is used and 3*66=198 MW if three plants are used.. 

 

 

3.4.3 Calculat ions 
 

In the previous section we have used an assumed merit order. However the merit 

order of the thermal power stations has no impact on the risk of capacity credit. But 

in order to have a realistic view also concerning the energy production in different 

units it is important to consider the merit order so the results show that units with 

low operation cost will be used as much as possible. It is also important to consider 

that some hydro power is of run-of-the-river type so it has to be used all the time. 

From now the following merit order will be used, see Table 9. It can be noted that 

one part of Salto-Grande [70 MW] is of “run-of-the-river” type, i.e. it is used all 
the time, while another part [875 MW] is flexible and can be used, e.g., only in peak 

situations. All other hydro is also classified as “flexible”, i.e. it is assumed that 

there is storage enough to store water from low-need situations to high-need 

situations. 

 
Table 9: Merit order used in the calculations   

      

Power plant  Merit MW Availability Operation 

  order  [%] cost 

Salto-Grande-base 1 70 99.5 - 

Biomass  2 230 70 115 

New-CCGT  3 500 85 135 

PTI  4 6*50 70 1 60 

Motores  5 8*1 0 80 1 65,5 

Quinta  6 80 70 1 87,8 

Sexta  7 1 20 70 1 90 

Sala B  8 50 45 231,5 

CTR  9 2*100 70 278,3 

Rincón del Bonete 10 4*38 99.5 - 

Baygorria  11 3*36 99.5 - 

Palmar  12 3*1 11 99.5 - 

Salto Grande-flexible 13 6*1 46 99.5 - 

 

 

Depending on the demand and the distribution of the demand, different amount of 

energy will be produced in the different plants. With a merit order according to 

Table 9 there will often be comparatively low energy production in the last units, 
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i.e. the hydro units. But as long as this energy level is lower than the available 

hydro energy then the risk of capacity credit is correct. If one wants to have a 

correct expected energy production (which is not requested here) then one has to 

use the extra available water to offload the most expensive thermal power plants 

(i.e. exchange merit order of them) until the correct hydro energy production is 

obtained. But this “merit order exchange” will not affect the LOLP, i.e. it will 

not affect the capacity credits. 

 
We will now calculate the energy production and LOLP for several years including 

also dry years in order to estimate the capacity credit for wind power. The 

calculations are performed in the following way. We here assume that we study 

hydrological and wind year X. However the load data from 2012 (scaled to 2016) is 

always used: 

 

› Use the yearly demand curve for 2012 and scale it up to 2016. The load from 

2012 to 2016 is assumed to increase with 3.7% per year, i.e. multiply the load 

during each hour with 1.037^4. 

 
› Divide the year into four periods per-1: Summer-Jan-Mar, per-2: Autumn-Apr-

Jun, per-3: Winter-Jul-Sep, per-4: Spring-Oct-Dec. Calculate the LOLP 

(hours/year) for each period with the method shown above, and power stations 

and merit order according to Table 9. In this calculation one considers the 

possible energy limitation for each period for year X. If the available hydro 

energy is lower than the obtained hydro energy with the hydro power plants 

peak loaded with data as in Table 9, then the capacities of the hydro stations 

have to be decreased. The method is to decrease the last unit first following 

with the second last etc., until there is a correspondence between available 

hydro energy for each period in year X and obtained hydro energy for each 

period. 

 
› The result is one LOLP per period: LOLP-1, LOLP-2, LOLP-3, LOLP-4. 

 
› The total LOLP (h/year) is the sum of the LOLP for each period. 

 
› Then add wind power from year X and make the LOLP calculations in the 

same way as under point 2 above. 

 
› The result is one LOLP per period: LOLP-W1, LOLP-W2, LOLP-W3, LOLP-

W4. 

 
› The total LOLP (h/year) is the sum of the LOLP for each period. 

 
› The capacity credit for wind power for year X is then calculated in the same 

way as shown above for the three methods: ELCC, EFC and ECC 

 
It can be noted that the method is based on that it is not possible to move available 

water between the different periods. There may be, e.g., a surplus of water in one 

period but not in the next. However this possibility is not considered here. 
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Three years will be studied: 2006 (dry), 1993 ( average) and 1984 ( wet) . We will also  
st udy t hree different wind power levels: 800 MW, 1000 MW and 1200 MW. The presented wind data 

above are for 1000 MW, so we will only linearly scale t hese dat a t o get 800 MW or 1200 MW. For 

each case we will t hen calculate t he capacit y credit for wind power wit h t he t hree m et hods: ELCC, 

EFC and ECC 

 
 
 

Results for 2006 (dry year)  
Load data are taken from 2012 and scaled up to 2016. Available hydro energy per 

period is provided and shown in Table 10. Wind data and hydro availability are 

taken from 2006. The yearly wind energy production with 1000 MW is 3.01 TWh. 

With 800 MW it becomes 2.41 TWh while it with 1200 MW becomes 3.62 TWh. 

 
The first step is to calculate the LOLP for the four periods and no wind power. The 

result is shown in Table 10. 

 
Table 10: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 2006. No wind power.    
        

Power plant  Period 1 Period 2 Period 3 Period 4 Total  

  TWh TWh TWh TWh TWh  

Salto-Grande-base 0.1504 0.1521 0.1538 0.1538 0.6101 

Biomass  0.3478 0.3516 0.3555 0.3555 1.4104 

New-CCGT  0.9180 0. 9282 0.9384 0.9384 3. 7230 

PTI  0.4484 0. 4456 0.4580 0.4533 1 . 8052 

Motores  0.1305 0.1247 0.1329 0.1280 0.5162 

Quinta  0.1085 0.1020 0.1106 0.1049 0.4260 

Sexta  0.1497 0.1408 0.1552 0.1441 0.5898 

Sala B  0.0374 0. 0351 0.0395 0.0358 0. 1478 

CTR  0.2014 0. 1882 0.2213 0.1892 0. 8001 

Rincón del Bonete 0.1616 0. 1511 0.1923 0.1460 0. 6509 

Baygorria  0.0776 0.0733 0.1023 0.0673 0.3205 

Palmar  0.1091 0.1054 0.1642 0.0912 0.4700 

Salto Grande-flexible 0.0242 0.0247 0.0479 0.0183 0.1151 

Total production: TWh 2.8647 2. 8227 3.0719 2.8257 11 . 5850 

Hydro cap decrease [GW] 0.0000 0. 0000 0.0000 0.0000  - 

Total hydro: TWh 0.5230 0.5065 0.6605 0.4765 2. 1666 

Available hydro: TWh 0.8614 0.7345 1.0339 1.1708 3.8006 

LOLP: hours  0.0077 0.0383 0.2431 0.0019 0.2910 

 

 

In the calculations, Salto-Grande is divided in "base" and "flexible". In some 

periods Salto Grande-flexible is not operating at its full capacity in the calculations 

because there is no need from a supply point of view, but probably there is from an 

economic dispatch point of view. 

 
In Table 10 it is shown that in the dry year there is still enough water to cover the 

needs for hydro power when it is peak loaded, i.e. hydro (except for base loaded 70 

MW of Salto-Grande) is only used when there is not enough capacity to cover the 

load in the available thermal power plants. 
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2006: 1000 MW of wind pow er 

 
Now the same calculations are performed with 1000 MW of wind power from 

2006. The results are shown in Table 11. 

 
Table 11: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 2006. Wind power data for 1000 MW for 2006. 
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 

  TWh TWh TWh TWh TWh 

Wind power  0.6439 0. 7354 0.8415 0.7925 3.0133 

Salto-Grande-base 0.1504 0. 1521 0. 1538 0.1537 0.6100 

Biomass  0.3465 0.3480 0.3544 0.3528 1.4016 

New-CCGT  0.8733 0.8402 0.8556 0.8347 3.4039 

PTI  0.3481 0.3137 0.3321 0.3022 1.2962 

Motores  0.0877 0. 0774 0. 0848 0.0739 0.3238 

Quinta  0.0668 0. 0587 0. 0659 0.0550 0.2463 

Sexta  0.0840 0.0735 0. 0854 0.0678 0.3107 

Sala B  0.0199 0.0173 0.0206 0.0158 0.0736 

CTR  0.0988 0.0850 0.1053 0.0761 0.3652 

Rincón del Bonete 0.0706 0.0597 0.0789 0.0517 0.2609 

Baygorria  0.0307 0.0255 0. 0360 0.0214 0.1136 

Palmar  0.0382 0.0315 0. 0482 0.0252 0.1430 

Salto Grande-flexible 0.0062 0. 0049 0. 0097 0.0032 0.0239 

Total production: TWh 2.8650 2.8229 3.0722 2.8260 11.5861 

Hydro cap decrease [GW] 0.0000 0.0000 0.0000 0.0000 - 

Total hydro: TWh 0.2961 0.2737 0.3265 0.2552 1.1515 

Available hydro: TWh 0.8614 0.7345 1 .0339 1 .1708 3.8006 

LOLP: hours  0.0014 0. 0008 0. 0071 0.0000 0.0093 

 
Table 11 now shows that thanks to wind power the LOLP decreases during all 

periods. It is now even lower than without wind power. It has decreased from 

0.2910 hours in Table 10 to 0.0093 hours in Table 11. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 10. If one now takes the system with 

wind power and increases the load during each hour, then the LOLP will increase. If 

one increases the load during each hour with 193.3 MW then the LOLP becomes 

0.2908 hours/year (instead of 0.0093 hours). This means that the ELCC capacity 

credit of 1000 MW of wind power for 2006 is 193.3 MW. 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 177 MW then the LOLP becomes 0.0093 hours per year. This means that 

the EFC capacity credit of 1000 MW of wind power is 177 MW. 
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Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

there is one single conventional power plant that has an availability of 80 percent, 

i.e. the same as the new CCGT plant. However, there is a challenge with this 

definition for this case. Without wind power the LOLP is 0.2910 hours/year. Assume 

that a new plant is available during 80 percent of the time. This this plant is not 

available during 20 percent of the time so the plant will not reduce the capacity 

deficit during at least 20 percent of 0.2910 hours. So the LOLP will still be at least 

0.20*0.2910=0.0582 hours. So no matter the size of the 80 percent available unit, the 

LOLP cannot be decreased to a level lower than 0.0582 hours. But the LOLP with 

1000 MW wind power is 0.0093! This means that the capacity credit of wind power 

is higher than any size of a single thermal power plant with 80 percent availability. 

The method used here is instead to use three (=3) power stations with an availability 

of 80 percent. The ECC is then calculated as the sum of these three units. When the 

capacity of each of the three units (with availability 80 percent) is 100 MW (i.e. a 

total of 300 MW), then the LOLP is 0.0092 hours per year. This means that the 

ECC capacity credit of 1000 MW of wind power is 300 MW. 

 

 
2006: 800 MW of wind power 

 
Now the same calculations are performed with 800 MW of wind power from 2006.  
The results are shown in Table 12. 

 
Table 12: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 2006. Wind power data for 800 MW for 2006.  
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 
  TWh TWh TWh TWh TWh 

            

Wind power  0. 5151 0.5883 0. 6732 0. 6340 2. 4106 

Salto-Grande-base 0. 1504 0. 1521 0. 1538 0. 1538 0. 6101 

Biomass  0. 3477 0. 3512 0.3555 0. 3551 1 .4095 

New-CCGT  0. 8966 0.8793 0.8973 0. 8829 3. 5561 

PTI  0. 3776 0. 3457 0.3653 0. 3379 1 . 4266 

Motores  0. 0977 0.0873 0. 0956 0. 0846 0. 3652 

Quinta  0.0755 0. 0670 0.0753 0.0643 0. 2822 

Sexta  0. 0962 0. 0849 0. 0987 0. 0799 0. 3597 

Sala B  0. 0228 0. 0201 0. 0240 0. 0187 0. 0856 

CTR  0. 1141 0. 0999 0. 1238 0. 0909 0. 4287 

Rincón del Bonete 0. 0822 0. 0711 0. 0941 0. 0624 0. 3098 

Baygorria  0. 0360 0. 0308 0. 0436 0. 0261 0. 1365 

Palmar  0. 0456 0. 0387 0. 0594 0.0313 0. 1750 

Salto Grande-flexible 0.0075 0.0063 0. 0124 0. 0041 0. 0303 

Total production: TWh 2. 8649 2. 8229 3.0721 2. 8259 11 . 5859 

Hydro cap decrease [GW] 0. 0000 0. 0000 0. 0000 0. 0000  - 

Total hydro: TWh 0. 3217 0. 2991 0.3633 0. 2777 1 . 2617 

Available hydro: TWh 0. 8614 0.7345 1 .0339 1 .1708 3. 8006 

LOLP: hours  0. 0016 0.0013 0. 0114 0. 0001 0.01444 
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Table 12 now shows that thanks to 800 MW of wind power the LOLP decreases. . 

Comparing Table 10 with Table 12 shows that thanks to wind power the LOLP 

decreases from 0.2910 hours to 0.0144 hours, i.e. slightly higher LOLP compared 

to 1000 MW of wind power. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 10. If one now takes the system with 

800 MW wind power and increases the load during each hour, then the LOLP will 

increase. If one increases the load during each hour with 170.2 MW then the LOLP 

becomes 0.2911 hours/year (instead of 0.0144 hours). This means that the ELCC 

capacity credit of 800 MW of wind power for 2006 is 170.2 MW. 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 157.5 MW then the LOLP becomes 0.0144 hours per year. This means 

that the EFC capacity credit of 800 MW of wind power is 157.5 MW. 

 
Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

the conventional power plant has an availability of 80 percent, i.e. the same as the 

new CCGT plant. It is not, as described above, possible to use only one plant. So 

here, as above, three power plants which each has an availability of 80 percent is 

used. With a size of each plant of 83 MW then the LOLP becomes 0.0142 hours. 

This means that the ECC capacity credit of 800 MW of wind power is 

3*83=249 MW. 

 
2006: 1200 MW of wind power 

 
Now the same calculations are performed with 1200 MW of wind power from 

2006. The results are shown in Table 13. 

 
 Table 13: Results with peak loaded hydro power for four periods with demand for 2016 

  and available hydro energy for 2006. Wind power data for 1200 MW for 2006. 
         

 Power plant  Period 1 Period 2 Period 3 Period 4 Total  

   TWh TWh TWh TWh TWh  

            

 Wind power  0. 7726 0.8825 1 .0098 0. 9510 3.6159  

 Salto-Grande-base 0.1498 0.1507 0.1535 0. 1529 0. 6069  

 Biomass  0. 3440 0.3415 0.3476 0. 3464 1 .3795  

 New-CCGT  0.8403 0.7923 0.8028 0. 7750 3.2103  

 PTI  0. 3181 0.2832 0.2989 0. 2697 1 .1699  

Motores  0.0783 0.0686 0.0749 0. 0641 0. 2859  

 Quinta  0. 0590 0.0515 0.0578 0.0473 0. 2156  

 Sexta  0. 0739 0.0639 0.0742 0. 0580 0. 2700  

 Sala B  0. 0174 0.0150 0.0178 0.0135 0. 0636  

 CTR  0.0863 0.0729 0.0903 0. 0646 0. 3141  
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Rincón del Bonete 0.0613 0. 0507 0.0669 0. 0436 0. 2224 

Baygorria 0. 0264 0.0215 0.0302 0. 0178 0. 0960 

Palmar 0. 0326 0. 0260 0.0398 0. 0207 0. 1191 

Salto Grande-flexible 0. 0052 0. 0039 0.0078 0.0025 0.0195 

Total production: TWh 2. 8652 2. 8241 3.0723 2. 8271 11 .588 

Hydro cap decrease [GW] 0. 0000 0. 0000 0.0000 0. 0000  - 

Total hydro: TWh 0. 2754 0. 2527 0.2982 0.2375 1 .0638 

Available hydro: TWh 0. 8614 0.7345 1 .0339 1 .1708 3.8006 

LOLP: hours 0. 0011 0.0005 0.0046 0. 0000 0. 0062 

 

 

Table 13 now shows that thanks to 1200 MW of wind power the LOLP decreases. 

Comparing Table 10 with Table 13 shows that thanks to wind power the LOLP 

decreases from 0.2910 hours to 0.0062 hours, i.e. slightly lower LOLP compared to 

1000 MW of wind power. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 10. If one now takes the system with 

1200 MW wind power and increases the load during each hour, then the LOLP will 

increase. If one increases the load during each hour with 214.1 MW then the LOLP 

becomes 0.2908 hours/year (instead of 0.2910 hours). This means that the ELCC 

capacity credit of 1200 MW of wind power for 2006 is 214.1 MW. 

 

 
Equivalent Firm Capacity - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 194.2 MW then the LOLP becomes 0.0062 hours per year. This means 

that the EFC capacity credit of 1200 MW of wind power is 194.2 MW 

 
Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume, as 

described above, that there are three conventional power plant which each has an 

availability of 80 percent, i.e. the same as the new CCGT plant. If one then takes the 

base system and adds three 80 percent available power station with capacity 120 

MW each then the LOLP becomes 0.0062 hours per year. This means that the 

ECC capacity credit of 1200 MW of wind power is 360 MW. 

 
A summary of the capacity credit of wind power is shown in Table 14. 
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Table 14: Summary of results of wind power capacity credits for 2006 – dry year  

          

Wind cap.   800 MW 1000 MW  1200 MW 

 MW % of % of MW % of % of MW % of % of 

  800 Ym  1000 Ym  1200 Ym 

ELCC 170.2 21 .3 61 .9 193.3 19.3 56.2 214.1 17.8 51 .9 

EFC 157.5 19.7 57.2 177 17.7 51 .5 194.2 16.2 47.0 

ECC 249 31.1 90.5 300 30.0 87.2 360 30.0 87.2 

Yearly 275.18 34.4 - 343.98 34.4 - 412.77 34.4 - 

mean          
 

 
Table 14 also shows the capacity credits in relation to yearly mean (Ym) power 

production. This value is of certain interest when one compares different energy 

sources with each other. For wind power one need more capacity for the same 

amount of energy compared to a base load unit. Concerning the “% of Ym” for 
“ECC” the value is calculated as 0.80*(ECC in MW)/(Ym in MW) since the 

assumption here is to compare the wind power with three base loaded units with 

80% availability. 

 
The general conclusion is that the relative capacity credit decreases slightly with 

larger amounts of wind power (see also Figure 21 below). Furthermore, it appears 

that the ECC method (80 % availability) gives the hightest capacity credit whereas 

the EFC method (100 % availability) gives the lowest capacity credit. 

 
Figure 21: 
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Results for 1993 (average hydrological year)  
Load data are taken from 2012 and scaled up to 2016. Available hydro energy per 

period is provided and shown in Table 15. Wind data and hydro availability are 

taken from 1993. The yearly wind energy production with 1000 MW is 3.23 TWh. 

With 800 MW it becomes 2.58 TWh while it with 1200 MW becomes 3.87 TWh. 
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The first step is to calculate the LOLP for the four periods and no wind power. The 

result is shown in Table 15. 

 
Table 15: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 1993. No wind power.   
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 

  TWh TWh TWh TWh TWh 

Salto-Grande-base 0.1504 0.1521 0.1538 0.1538 0.6101 

Biomass  0.3478 0. 3516 0.3555 0.3555 1 .4104 

New-CCGT  0.9180 0. 9282 0.9384 0.9384 3.7230 

PTI  0.4484 0. 4456 0.4580 0.4533 1 .8052 

Motores  0.1305 0.1247 0.1329 0.1280 0.5162 

Quinta  0.1085 0.1020 0.1106 0.1049 0.4260 

Sexta  0.1497 0.1408 0.1552 0.1441 0.5898 

Sala B  0.0374 0.0351 0.0395 0.0358 0.1478 

CTR  0.2014 0. 1882 0.2213 0.1892 0.8001 

Rincón del Bonete 0.1616 0. 1511 0.1923 0.1460 0.6509 

Baygorria  0.0776 0.0733 0.1023 0.0673 0.3205 

Palmar  0.1091 0.1054 0.1642 0.0912 0.4700 

Salto Grande-flexible 0.0242 0.0247 0.0479 0.0183 0.1151 

Total production: TWh 2.8647 2.8227 3.0719 2.8257 11.5850 

Hydro cap decrease [GW] 0.0000 0. 0000 0.0000 0.0000 - 

Total hydro: TWh 0.5230 0.5065 0.6605 0.4765 2.1666 

Available hydro: TWh 1.7946 2.1479 1.9167 2.1492 8.0084 

LOLP: hours  0.0077 0.0383 0.2431 0.0019 0.2910 

 
In Table 15 it is shown that there is no lack of water in any of the periods. One can 

also see that with the here assumed data of load and generation resources there will 

not be any extra need of decreasing the hydro capacity as long as the available water 

in TWh is larger than 0.5230 (period 1), 0.5065 (period 2), 0.6605 (period 3), and 

0.4765 (period 4). As stated above the here calculated energy production per source 

is based on peak loaded flexible hydro. But with higher amount of water available, 

then this extra water can be used to offload the most expensive thermal power. 

However, this will not affect the LOLP which is the main variable used to calculate 

the capacity credit. 

 
1993: 1000 MW of wind pow er 

 
Now the same calculations are performed with 1000 MW of wind power from 

1993. The results are shown inTable 16. 
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Table 16: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 1993. Wind power data for 1000 MW for 1993 
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 

  TWh TWh TWh TWh TWh 

Wind power  0.6567 0.8291 0.8462 0.8963 3.2283 

Salto-Grande-base 0. 1504 0. 1521 0.1538 0.1535 0. 6098 

Biomass  0. 3459 0. 3457 0.3528 0. 3499 1 . 3942 

New-CCGT  0. 8661 0. 7998 0.8409 0. 8020 3. 3088 

PTI  0.3434 0.2895 0.3285 0.2763 1.2378 

Motores  0.0871 0.0713 0.0842 0.0660 0.3086 

Quinta  0.0670 0.0540 0.0656 0.0495 0.2361 

Sexta  0. 0851 0. 0680 0.0854 0. 0610 0. 2995 

Sala B  0. 0202 0. 0161 0.0207 0. 0142 0. 0711 

CTR  0. 0997 0. 0797 0.1070 0. 0679 0. 3543 

Rincón del Bonete 0.0702 0.0567 0.0822 0.0458 0.2550 

Baygorria  0.0301 0.0246 0.0388 0.0188 0.1122 

Palmar  0.0374 0.0311 0.0541 0.0220 0.1446 

Salto Grande-flexible 0. 0057 0. 0054 0.0122 0. 0028 0. 0261 

Total production: TWh 2. 8650 2. 8230 3.0723 2. 8261 11 . 5864 

Hydro cap decrease [GW] 0. 0000 0. 0000 0.0000 0. 0000  - 

Total hydro: TWh 0.2938 0.2698 0.3410 0.2429 1.1476 

Available hydro: TWh 1.7946 2.1479 1.9167 2.1492 8.0084 

LOLP: hours  0.0006 0.0073 0.0339 0.0000 0.0418 

 
Table 16 now shows that thanks to wind power the LOLP has decreased. 

Comparing Table 15 with Table 16 shows that the LOLP decreases from 0.2910 

hours to 0.0418 hours. The levels are comparatively low and the decrease is then 

also low. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 15. If one now takes the system with 

wind power and increases the load during each hour, then the LOLP will increase. If 

one increases the load during each hour with 133.0 MW then the LOLP becomes 

0.2909 hours/year (instead of 0.0418 hours). This means that the ELCC capacity 

credit of 1000 MW of wind power for 1993 is 133 MW. 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 107 MW then the LOLP becomes 0.0419 hours per year. This means that 

the EFC capacity credit of 1000 MW of wind power is 107 MW 

 
Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

the conventional power plant has an availability of 80 percent, i.e. the same as 
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the new CCGT plant. If one then takes the base system and adds a 80 percent 

available power station with e.g. capacity 400 MW then the LOLP becomes 0.0582 

hours per year. Even if the unit becomes 1000 MW it is not possible to decrease the 

LOLP below 0.0582 hours/year. Assume that a new unit takes away all lack of 

capacity during 80 percent of the time. Then the LOLP decreases from 0.2909 

hours/year down to 0.2*0.2909=0.0582 hours. This means that a single conventional 

unit that should decrease the LOLP as much as the wind power must have an 

availability which is higher than (1-0.0418/0.2909) = 85.63 percent or be divided 

into several units. With an assumed availability of 80 percent the ECC cannot be 

defined. As above the strategy is then to instead calculate the ECC as the total 

capacity of three units which each has an availability of 80 percent. If one then take 

away the wind power and instead install three units of 50 MW each with 80 percent 

availability, then the LOLP becomes 0.0413 hours/year. This means that the ECC 

capacity credit of 1000 MW of wind power is 150 MW 

 
1993: 800 MW of wind power 

 
Now the same calculations are performed with 800 MW of wind power from 1993.  
The results are shown in Table 17. 

 
Table 17: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 1993. Wind power data for 800 MW for 1993.  
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 
  TWh TWh TWh TWh TWh 

          

Wind power  0.5254 0.6633 0. 6769 0. 7171 2. 5827 

Salto-Grande-base 0.1504 0. 1521 0. 1538 0. 1538 0. 6101 

Biomass  0.3477 0.3513 0.3553 0. 3549 1 . 4092 

New-CCGT  0.8939 0. 8537 0. 8880 0. 8654 3. 5010 

PTI  0.3737 0. 3257 0. 3618 0. 3186 1 . 3797 

Motores  0.0967 0. 0818 0. 0951 0.0773 0. 3509 

Quinta  0.0750 0.0625 0. 0748 0. 0584 0. 2708 

Sexta  0.0962 0. 0792 0. 0982 0. 0726 0. 3462 

Sala B  0.0229 0. 0188 0. 0239 0. 0169 0. 0825 

CTR  0.1145 0. 0938 0. 1240 0. 0817 0. 4140 

Rincón del Bonete 0.0817 0.0673 0. 0960 0. 0556 0. 3006 

Baygorria  0.0353 0. 0294 0. 0456 0. 0230 0. 1334 

Palmar  0.0445 0.0375 0. 0642 0. 0272 0. 1733 

Salto Grande-flexible 0.0070 0.0065 0. 0146 0.0035 0. 0317 

Total production: TWh 2.8649 2. 8230 3.0722 2. 8259 11 . 5861 

Hydro cap decrease [GW] 0.0000 0. 0000 0. 0000 0. 0000  - 

Total hydro: TWh 0.3189 0. 2928 0. 3742 0. 2632 1 . 2491 

Available hydro: TWh 1 .7946 2. 1479 1 .9167 2.149292 8. 0084 

LOLP: hours  0.0008 0. 0078 0.0395 0. 0001 0.048148 

 
Table 17 now shows that thanks to 800 MW of wind power the LOLP decreases. 

Comparing Table 15 with Table 17 shows that the LOLP decreases from 0.2910 

hours to 0,0481 hours, i.e. slightly higher LOLP compared to 1000 MW of wind 

power. 
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Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 15. If one now takes the system with 

800 MW wind power and increases the load during each hour, then the LOLP will 

increase. If one increases the load during each hour with 121.6 MW then the LOLP 

becomes 0.2911 hours/year (instead of 0.0481 hours). This means that the ELCC 

capacity credit of 800 MW of wind power for 1993 is 121.6 MW. 

 
Equivalent Firm Capacity - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 100 MW then the LOLP becomes 0.0479 hours per year. This means that 

the EFC capacity credit of 800 MW of wind power is 100 MW 

 
Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

the conventional power plant has an availability of 80 percent, i.e. the same as the 

new CCGT plant. As described above we here use three units with 80 percent 

availability. With three 46 MW units then LOLP becomes 0.0479 hours/year. This 

means that the ECC capacity credit of 800 MW of wind power is 3*46=138  
MW 

 

 
1993: 1200 MW of wind power 

 
Now the same calculations are performed with 1200 MW of wind power from 

1993. The results are shown in Table 18. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
C: \ Users\ agiraldez\ Deskt op\ I nform es Consult orias\ COWI Uruguay Final Report 020514.doc 



COWI Uruguay Final Report 020514.pdf Expediente Nro. 0122-02-006-2016 Actuación 4 
 
 
 
 

 
54 I nt egrat ion of large am ount s of wind energy in Uruguay 

 

 
 Table 18: Results with peak loaded hydro power for four periods with demand for 2016 

  and available hydro energy for 1993. Wind power data for 1200 MW for 1993. 
         

 Power plant  Period 1 Period 2 Period 3 Period 4 Total  

   TWh TWh TWh TWh TWh  

             

 Wind power  0. 7881 0. 9950 1 .0154 1 .0756 3.8740  

 Salto-Grande-base 0.1495 0. 1499 0.1528 0.1515 0. 6036  

Biomass  0. 3429 0. 3319 0.3426 0. 3369 1 .3543  

New-CCGT  0.8265 0. 7389 0.7849 0. 7264 3.0767  

 PTI  0. 3147 0. 2571 0.2953 0. 2411 1 .1082  

Motores  0. 0788 0. 0626 0.0747 0. 0570 0. 2731  

 Quinta  0. 0600 0. 0471 0.0579 0.0425 0. 2076  

 Sexta  0. 0756 0. 0590 0.0753 0. 0520 0. 2619  

 Sala B  0. 0178 0. 0139 0.0182 0. 0120 0. 0620  

 CTR  0.0875 0. 0686 0.0937 0. 0576 0.3075  

Rincón del Bonete 0. 0612 0. 0486 0.0715 0. 0386 0. 2199  

Baygorria  0. 0260 0. 0210 0.0335 0. 0158 0.0963  

 Palmar  0. 0319 0.0265 0.0466 0. 0184 0. 1234  

 Salto Grande-flexible 0. 0047 0. 0046 0.0105 0.0023 0. 0221  

 Total production: TWh 2. 8654 2.8245 3.0729 2. 8277 11 .590  

 Hydro cap decrease [GW] 0. 0000 0. 0000 0.0000 0. 0000  -  

 Total hydro: TWh 0.2733 0.2505 0.3149 0. 2266 1 .0653  

 Available hydro: TWh 1 .7946 2. 1479 1 .9167 2. 1492 8. 0084  

 LOLP: hours  0.0005 0. 0069 0.0290 0. 0000 0. 0364  

 

 
Table 18 now shows that thanks to 1200 MW of wind power LOLP decreases. 

Comparing Table 18 with Table 15 shows that the LOLP decreases from 0.2910 

hours to 0.0364 hours, i.e. slightly lower LOLP compared to 1000 MW of wind 

power. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 15. If one now takes the system with 

1200 MW wind power and increases the load during each hour, then the LOLP will 

increase. If one increases the load during each hour with 142.6 MW then the LOLP 

becomes 0.2909 hours/year (instead of 0.0364 hours). This means that the ELCC 

capacity credit of 1200 MW of wind power for 1993 is 142.6 MW. 

 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 113.6 MW then the LOLP becomes 0.0364 hours per year. This means 

that the EFC capacity credit of 1200 MW of wind power is 113.6 MW 
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Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

the conventional power plant has an availability of 80 percent, i.e. the same as the 

new CCGT plant. As stated earlier here we use three 80 percent available units. 

With three 53 MW units then LOLP becomes 0.0370 hours/year. This means that 

the ECC capacity credit of 1200 MW of wind power is 3*53=159 MW 

 
A summary of the capacity credit of wind power is shown in Table 19. 

 
Table 19:  Summary of result of wind power capacity credits for 1993 – average year   

                

Wind cap.  800 MW   1000 MW  1200 MW   

  MW  %  % of  MW  % of  % of  MW  % of  % of  
    of  Ym    1000  Ym    1200  Ym  

    800                

ELCC 121 .6  15.2  41 .2 133 13.3  36.1 142.6 11 .8  32.2  

EFC  100  12.5  33.9  107  10.7  29,0  113,6  9,5  25,7  

ECC 138  17.3  46.8 150 15.0  40.7 159 13.25  36.0  

Yearly  294.83  36.9  -  368.53  36.9  -  442.24  36.9  -  

mean                    

 
It can be noted that the figure for Is set to infinity since, as described above, it is not 

possible for any size of a single, 80 percent available unit to decrease the LOLP as 

much as 800, 1000 or 1200 MW of wind power. A longer description of this is 

found at the end of this section (page 60). 

 
Results for 1984 (wet hydrological year)  
Load data are taken from 2012 and scaled up to 2016. Available hydro energy per 

period is provided and shown in Table 20. Wind data and hydro availability are 

taken from 1984. In general it can be noted as the impact from a “wet” year is 

mainly that it is another year from wind point of view. A “wetter” year than an 
average year has in general a very small impact on the LOLP since already during 

an average year there is enough water to be able to use all the hydro capacity when 

the hydro power is peak loaded. 2012 is a long year, so data from Feb 29 is taken 

away. The yearly wind energy production with 1000 MW is 3.32 TWh. With 800 

MW it becomes 2.65 TWh while it with 1200 MW becomes 3.98 TWh. 

 
The first step is to calculate the LOLP for the four periods and no wind power. The 

result is shown in Table 20. 
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Table 20: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 1984. No wind power.    
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 

  TWh TWh TWh TWh TWh 

Salto-Grande-base 0.1504 0.1521 0.1538 0.1538 0.6101 

Biomass  0.3478 0. 3516 0.3555 0.3555 1 . 4104 

New-CCGT  0.9180 0. 9282 0.9384 0.9384 3. 7230 

PTI  0.4484 0. 4456 0.4580 0.4533 1 . 8052 

Motores  0.1305 0.1247 0.1329 0.1280 0.5162 

Quinta  0.1085 0.1020 0.1106 0.1049 0.4260 

Sexta  0.1497 0.1408 0.1552 0.1441 0.5898 

Sala B  0.0374 0. 0351 0.0395 0.0358 0. 1478 

CTR  0.2014 0. 1882 0.2213 0.1892 0. 8001 

Rincón del Bonete 0.1616 0. 1511 0.1923 0.1460 0. 6509 

Baygorria  0.0776 0.0733 0.1023 0.0673 0.3205 

Palmar  0.1091 0.1054 0.1642 0.0912 0.4700 

Salto Grande-flexible 0.0242 0.0247 0.0479 0.0183 0.1151 

Total production: TWh 2.8647 2. 8227 3.0719 2.8257 11 . 5850 

Hydro cap decrease [GW] 0.0000 0. 0000 0.0000 0.0000  - 

Total hydro: TWh 0.5230 0.5065 0.6605 0.4765 2. 1666 

Available hydro: TWh 1.8887 2.5377 2.5876 2.1888 9.2028 

LOLP: hours  0.0077 0.0383 0.2431 0.0019 0.2910 

 
In Table 20 it is shown that there is no lack of water in any of the periods. This 

means that the result is exactly the same as in Table 15. One can also see as that 

with the here assumed data of load and generation resources there will not be any 

extra need of decreasing the hydro capacity as long as the available water in TWh is 

larger than 0,5230 (period 1), 0,5065 (period 2), 0,6605 (period 3), and 0,4765 

(period 4). As stated above the here calculated energy production per source is based 

on peak loaded flexible hydro. But with higher amount of water available, then this 

extra water can be used to offload the most expensive thermal power. However, this 

will not affect the LOLP which is the main variable used to calculate the capacity 

credit. 
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1984: 1000 MW of wind pow er 

 
Now the same calculations are performed with 1000 MW of wind power from 

1984. The results are shown in Table 21. 

 
 Table 21: Results with peak loaded hydro power for four periods with demand for 2016 

  and available hydro energy for 1984. Wind power data for 1000 MW for 1984. 
         

 Power plant  Period 1 Period 2 Period 3 Period 4 Total  

   TWh TWh TWh TWh TWh  

 Wind power  0.6694 0.9634 0.8899 0.7944 3.3172  

 Salto-Grande-base 0.1504 0.1516 0.1537 0.1538 0. 6096  

 Biomass  0.3467 0.3428 0.3501 0.3533 1.3929  

 New-CCGT  0.8560 0.7497 0.8267 0.8439 3.2763  

 PTI  0.3360 0.2575 0.3205 0.3004 1.2145  

Motores  0.0850 0.0624 0.0824 0.0720 0. 3018  

 Quinta  0.0653 0.0475 0.0644 0.0539 0. 2311  

 Sexta  0.0834 0.0597 0.0839 0.0666 0. 2937  

 Sala B  0.0199 0.0141 0.0203 0.0155 0.0698  

 CTR  0.1005 0.0699 0.1044 0.0745 0.3494  

 Rincón del Bonete 0.0731 0.0498 0.0792 0.0502 0.2523  

 Baygorria  0.0320 0.0218 0.0367 0.0205 0. 1109  

 Palmar  0.0403 0.0278 0.0496 0.0239 0. 1417  

 Salto Grande-flexible 0.0069 0.0049 0.0104 0.0030 0. 0252  

 Total production: TWh 2.8649 2.8231 3.0723 2.8260 11.5863  

 Hydro cap decrease [GW] 0.0000 0.0000 0.0000 0.0000 0.0000  

 Total hydro: TWh 0.3028 0.2560 0.3296 0.2513 1.1397  

 Available hydro: TWh 1 .8887 2.5377 2.5876 2.1888 9. 2028  

 LOLP: hours  0.0004 0.0026 0.0105 0.0000 0. 0136   
. 

 
Table 21 now shows that thanks to wind power the LOLP has decreased. 

Comparing Table 20 with Table 21 shows that the LOLP decreases from 0.2910 

hours to 0.0136 hours. The levels are comparatively low and the decrease is then 

also low. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 20. If one now takes the system with 

wind power and increases the load during each hour, then the LOLP will increase. If 

one increases the load during each hour with 181.1 MW then the LOLP becomes 

0.2911 hours/year (instead of 0.0136 hours). This means that the ELCC capacity 

credit of 1000 MW of wind power for 1984 is 181.1 MW. 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 160.1 MW then the LOLP becomes 0.0136 hours per year. This means 

that the EFC capacity credit of 1000 MW of wind power is 160,1 MW 
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Equivalent Convent ional Capacit y - ECC 

 
This means that one studies how large a conventional power plant must be in order 

to decrease the LOLP as much as the wind power decreased it. Here we assume that 

the conventional power plant has an availability of 80 percent, i.e. the same as the 

new CCGT plant. As above three units with 80% availability will be introduced. If 

three units with 85 MW capacity each and 80 percent availability are added, then 

the LOLP becomes 0.0134 hours/year. This means that the ECC capacity credit 

of 1000 MW of wind power is 3*85=255 MW 

 
1984: 800 MW of wind power 

 
Now the same calculations are performed with 800 MW of wind power from 1984.  
The results are shown in Table 22. 

 
 Table 22: Results with peak loaded hydro power for four periods with demand for 2016 

  and available hydro energy for 1984. Wind power data for 800 MW for 1984. 
        

 Power plant  Period 1 Period 2 Period 3 Period 4 Total 
   TWh TWh TWh TWh TWh 

             

 Wind power  0.5355 0. 7707 0. 7120 0.6355 2. 6537 

 Salto-Grande-base 0. 1504 0. 1521 0. 1538 0. 1538 0. 6101 

Biomass  0. 3478 0.3505 0. 3551 0. 3554 1 .4087 

New-CCGT  0.8883 0.8265 0. 8779 0. 8900 3.4826 

 PTI  0. 3677 0. 2976 0. 3552 0. 3411 1 .3615 

Motores  0.0945 0. 0731 0. 0928 0.0833 0. 3438 

 Quinta  0. 0732 0. 0557 0. 0732 0. 0629 0. 2650 

 Sexta  0.0943 0.0705 0. 0964 0. 0784 0. 3396 

 Sala B  0. 0226 0. 0167 0.0235 0.0183 0. 0811 

 CTR  0. 1144 0. 0834 0. 1218 0. 0886 0. 4082 

Rincón del Bonete 0. 0838 0. 0599 0. 0936 0. 0604 0. 2977 

Baygorria  0. 0370 0.0263 0. 0438 0. 0250 0. 1321 

 Palmar  0. 0471 0. 0337 0.0603 0.0295 0. 1706 

 Salto Grande-flexible 0. 0082 0. 0061 0. 0130 0. 0037 0. 0310 

 Total production: TWh 2. 8649 2. 8229 3.0722 2. 8259 11 .585 

 Hydro cap decrease [GW] 0. 0000 0. 0000 0. 0000 0. 0000  - 

 Total hydro: TWh 0. 3266 0. 2780 0.3645 0. 2724 1 .2415 

 Available hydro: TWh 1 .8887 2. 5377 2. 5876 2. 1888 9. 2028 

 LOLP: hours  0.0005 0. 0038 0. 0147 0. 0001 0. 0191 

 
Table 22 now shows that thanks to 800 MW of wind power the LOLP decreases. 

Comparing Table 22 with Table 20 shows that the LOLP decreases from 0.2910 

hours to 0.0191 hours, i.e. slightly higher LOLP compared to 1000 MW of wind 

power. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 20. If one now takes the system with 

800 MW wind power and increases the load during each hour, then the LOLP will 

increase. If one increases the load during each hour with 160.4 MW then the 
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LOLP becomes 0.2912 hours/year (instead of 0.0191 hours). This means that the  
ELCC capacity credit of 800 MW of wind power for 1984 is 160.4 MW. 

 
Equivalent Firm Capacity - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 144.5 MW then the LOLP becomes 0.0191 hours per year. This means 

that the EFC capacity credit of 800 MW of wind power is 144.5 MW 

 
Equivalent Convent ional Capacit y - ECC 

 
As shown above with a 80 percent available unit it is not possible to decrease the 

LOLP to the level 0.0191 hours per year. With three 73 MW units with 80 percent 

availability each, the LOLP becomes 0.0190 hours/year. This means that the ECC 

capacity credit of 800 MW of wind power is 3*73=219 MW 

 
1984: 1200 MW of wind power 

 
Now the same calculations are performed with 1200 MW of wind power from 

1984. The results are shown in Table 23. 

 
Table 23: Results with peak loaded hydro power for four periods with demand for 2016 

 and available hydro energy for 1984. Wind power data for 1200 MW for 1984 
       

Power plant  Period 1 Period 2 Period 3 Period 4 Total 
  TWh TWh TWh TWh TWh 

        

Wind power  0.8033 1 .1561 1 .0679 0.9533 3. 9806 

Salto-Grande-base 0. 1500 0.1485 0.1517 0. 1530 0. 6033 

Biomass  0. 3418 0. 3236 0.3372 0. 3460 1 . 3486 

New-CCGT  0. 8131 0. 6669 0.7667 0. 7838 3. 0304 

PTI  0. 3068 0. 2239 0.2892 0. 2646 1 .0845 

Motores  0. 0766 0.0543 0.0732 0. 0627 0. 2668 

Quinta  0. 0584 0. 0410 0.0568 0. 0467 0. 2030 

Sexta  0. 0744 0. 0514 0.0734 0. 0574 0. 2566 

Sala B  0. 0178 0. 0121 0.0177 0.0133 0. 0609 

CTR  0.0893 0. 0598 0.0904 0.0635 0. 3030 

Rincón del Bonete 0.0645 0. 0424 0.0680 0. 0424 0. 2174 

Baygorria  0. 0281 0.0185 0.0312 0. 0172 0. 0950 

Palmar  0. 0352 0. 0236 0.0417 0. 0200 0. 1204 

Salto Grande-flexible 0. 0060 0. 0041 0.0085 0. 0024 0. 0210 

Total production: TWh 2. 8650 2.8263 3.0737 2. 8264 11 .5915 

Hydro cap decrease [GW] 0. 0000 0. 0000 0.0000 0. 0000  - 

Total hydro: TWh 0. 2837 0. 2371 0.3012 0. 2351 1 .0571 

Available hydro: TWh 1 .8887 2. 5377 2.5876 2. 1888 9. 2028 

LOLP: hours  0. 0002 0. 0019 0.0080 0. 0000 0. 0101 

 

 
Table 23 now shows that thanks to 1200 MW of wind power LOLP decreases.  
Comparing Table 23 with Table 20 shows that the LOLP decreases from 0.2910 
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hours to 0.0101 hours, i.e. slightly lower LOLP compared to 1000 MW of wind 

power. 

 
Equivalent Load Carrying Capabilit y - ELCC 

 
This means that one can allow a higher load if one accepts the earlier level of LOLP, 

i.e. 0.2910 hours per year as stated in Table 20. If one now takes the system with 

1200 MW wind power and increases the load during each hour, then the LOLP will 

increase. If one increases the load during each hour with 199.3 MW then the LOLP 

becomes 0.2903 hours/year (instead of 0.0101 hours). This means that the ELCC 

capacity credit of 1200 MW of wind power for 1984 is 199.3 MW. 

 

 
Equivalent Firm Capacit y - EFC 

 
This means that one studies how large a firm power plant must be in order to 

decrease the LOLP as much as the wind power decreased it. If one then takes the 

base system (no wind power) and adds a 100 percent available power station with 

capacity 173.3 MW then the LOLP becomes 0.0101 hours per year. This means 

that the EFC capacity credit of 1200 MW of wind power is 173.3 MW 

 
Equivalent Convent ional Capacit y - ECC 

 
As shown above with a 80 percent available unit it is not possible to decrease the 

LOLP to the level 0.0101 hours per year. With three 96 MW units with 80 percent 

availability each, the LOLP becomes 0.0102 hours/year. This means that the ECC 

capacity credit of 1200 MW of wind power is 3*96=288 MW.. 

 
A summary of the capacity credit of wind power is shown in Table 24. 

 
 Table 24: Summary of result of wind power capacity credits for 1984 – wet year. Data for 

  ECC for 1200 MW not included see above for explanation.    
          

 Wind cap.  800 MW   1000 MW  1200 MW  

           

  MW % of % of MW % of % MW % of % 

   800 Ym  1000 of  1200 of 

       Ym   Ym 

 ELCC 160.4 20.1 52.9 181 .1 18.1 47.8 199.3 16.6 43.9 

 EFC 144.5 18.1 47.7 160.1 16.0 42.3 173.3 14.4 38.1 

 ECC 219 27.4 72.3 255 25.5 67.3 288 24.0 63.4 

 Yearly 302.93 37.9 - 378.68 37.9 - 454.41 37.9 - 

 Mean          
 
 

 

3.4.4 Overview of all calculat ions 
 

The two tables below give an overview of all the capacity credit calculations. Table 

25 shows the capacity credit result in percent of the total installed amount of wind 

power. The figures in this table are the same figures as also earlier presented in 

Table 14, Table 19 and Table 24. 
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Table 25: Overview of capacity credit results in % of total installed amount of wind 

 power     
     

  8 0 0 MW 1 0 0 0 MW 1 2 0 0 M W 
    

2 0 1 6 – N o w a t er l i m i t at i o n    

- ELCC  - 15.3 -  

- EFC  - 13.5 -  

- ECC ( 1 u n it )  - ∞   

- ECC ( 3 u n it s) - 19.8 -  
   

2 0 1 6 – Dr y h y d r ol o g i ca l y ea r ( 2 0 0 6 h y d r o an d w in d d a t a )   

- ELCC  21.3 19.3 17.8 

- EFC  19.7 17.7 16.2 

- ECC ( 1 u n it )  ∞ ∞ ∞ 

- ECC ( 3 u n it s) 31.1 30.0 30 .0 
   

2 0 1 6 – Av er ag e h y d r o lo g i ca l y ea r ( 1 9 9 3 h y d r o an d w in d d at a )   

- ELCC  15.2 13.3 11.8 

- EFC  12.5 10.7 9.5 

- ECC ( 1 u n it )  ∞ ∞ ∞ 

- ECC ( 3 u n it s) 17.3 15.0 13.3 
   

2 0 1 6 – W et h y d r ol o g i ca l y ea r ( 1 9 8 4 h y d r o an d w i n d d at a)   

- ELCC  20.1 18.1 16.6 

- EFC  18.1 16.0 14.4 

- ECC ( 1 u n it )  ∞ ∞ ∞ 

- ECC ( 3 u n it s) 27.4 25.5 24.0 
      

 

 
Since there is enough water in all years, and thereby in practice no hydro 

capacity decrease, the only difference between the years is the wind regime. 

The water inflow level does NOT have any impact on the results. This means 

that the only difference between the years is the wind since we have the same 

load profile for all years. Then the differences in results only depend on how 

windy it is during hours with rather high demand. 

 
It appears that the ECC method (80 % available capacity) gives the highest 

capacity credit whereas the EFC method (100 % available capacity) gives the 

lowest capacity credit. The result of the ECC method is, however, very much 

dependent on the assumed availability of the conventional plant. If an availability 

of 90 % had been assumed instead of 80 %, this method would result in lower 

capacity credits than estimated. 
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It also appears that using the standard ECC method (assuming one large unit) and 

using the 80 % availability, it is not possible to reach the same level of reliability as 

with the wind turbines. In other words; the wind turbines has a higher 

capacity credit than any (any size) single unit with 80 % availability. 

Therefore, the standard ECC method has been modified to three units of equal size 

instead of one large unit. 

 
Table 26 below shows the incremental/marginal capacity credit values. The first 

column with figures shows the capacity credit of the first 800 MW installed wind 

power. These figures are the same as in Table 25. The second column with figures 

shows the capacity credit of the next 200 MW wind power (assuming the first 800 

MW has already been installed), and finally, the third column with figures shows 

the capacity credit of the next 200 MW again (assuming that the first 1,000 MW 

has already been installed). 

 
Table 26: Overview of capacity credit results – incremental/marginal values in % 

     

  8 0 0 MW +  2 0 0 MW + 2 0 0 MW 
       

2 0 1 6 – D r y h y d r ol o g i ca l y ea r ( 2 0 0 6 h y d r o an d w in d d at a)   

- ELCC  21.3 11 .6 10 .4 

- EFC  19.7 9.8 8.6 

- ECC ( 1 u n it )  ∞ -  -  

- ECC ( 3 u n it s) 31.1 25 .6 30 .0 
   

2 0 1 6 – A v er ag e h y d r o l o g i ca l y ea r ( 1 9 9 3 h y d r o an d w in d d at a )   

- ELCC  15.2 5.7 4.8 

- EFC  12.5 3.5 3.3 

- ECC ( 1 u n it )  ∞ -  -  

- ECC ( 3 u n it s) 17.3 6.0 4.5 
   

2 0 1 6 – W et h y d r ol o g i ca l y ea r ( 1 9 8 4 h y d r o a n d w i n d d at a )   

- ELCC  20.1 10 .4 9.1 

- EFC  18.1 7.8 6.6 

- ECC ( 1 u n it )  ∞ -  -  

- ECC ( 3 u n it s) 27.4 18 .0 16 .5 
       

 

 

It appears from the table that for the ELCC and for the EFC method the 

incremental/marginal capacity credit value is decreasing when the penetration level 

is increased. This is also in line with earlier explanations in this report. For the ECC 

method, however, the capacity credit value is in one of the cases increasing for 

increased penetration level. 
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The three different methods come to different results with regard to capacity credit. 

This might seem contradictory, but it is not, because the three different 

methods/results are expressing three different things: 

 

› The ELCC figures tell how much the demand can be increased (as a 

consequence of the wind turbines) and still having the same LOLP in the 

system. 

 
› The EFC figures tell how much 100 % available capacity that can be replaced 

by the wind turbines and still having the same LOLP in the system. 

 

› THE ECC figures tell how much conventional (in this case 80 % available) 

capacity that can be replaced by the wind turbines and still having the same 

LOLP in the system. 

 
So the three different types of capacity credit figures simply just provide three 

different types of information. The choice of what figures that should be used 

depends on the purpose in the specific situation. If the purpose is to estimate how 

much conventional power capacity that can be replaced by the wind turbines and 

still having the same LOLP in the system, then the ECC method is the method 

expressing that figure. This method is, however, as also stated earlier very much 

dependent on the assumed availability of the conventional capacity. 

 

 

3. 5 Wind regim e for Uruguay 
 

In the chapter 3.4 capacity credit has been calculated for the year 2016, a dry year, 

an average hydrological year and a wet year. In the calculations wind power 

production estimates have been used – see 3.4.2 - and the validity of the capacity 

credit calculations are thus dependent on the energy production estimates made and 

not least the representativeness of the wind in the selected years. When preparing the 

energy production estimates a number of assumptions and choices have to be made. 

 

 
In this chapter we will explain how the wind energy production calculations have 

been made, explain the reason behind the choices made and analyse how the wind 

regime in Uruguay impacts on capacity credit calculations. Special attention will be 

devoted to the wind regime in dry years. This is done in an analysis of the variability 

in the wind speed and hydro inflow. 

 

 

3.5.1 Wind energy production calculations. 
 

Initially, an overall analysis of the wind regime was conducted. A spot check on the 

measured data was carried out in order to determine if the wind regime covers the 

entire country. In Figure 22 and Figure 23 it can be seen that the measured wind 

speed for three different locations (Colonia Terra, Arerungua and McMeekan), 

presented in Figure 24, follow the same pattern of wind speed and wind direction. 

Please note that there is a difference in measurement heights (54m, 60m and 101m) 

leading to a difference in the actual measured wind speed. 
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Figure 22: 10-min mean wind speed for three positions in 

Uruguay 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23: Wind direction for three positions in Uruguay 
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Figure 24: Measurements in Uruguay 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on the spot checks made it can in general be concluded that Uruguay has a 

wind regime covering the entire country. In other words when the wind blows it 

will blow all over Uruguay. There will of course still be differences in wind speed 

from site to site but in the larger picture it will be minor differences
5
. 

 
The fact that there only exists one wind regime for Uruguay means that the 

smoothening effect will be limited in relation to capacity credit calculations. But it 

must be stressed that there will always be some smoothening effect due to 

geographical dispersion. During the kick-off meeting in February it was agreed to 

simulate the future wind parks as three larger wind parks – that is a reasonable 

approximation taking the homogeneousness of the wind regime into consideration 

but will eventually lead to a little too conservative capacity credit estimation due to 

the lack of smoothening effect. In order to get some smoothening effect into the 

calculations it was decided to skip the idea of treating all the sites as one site even 

though the wind regime is very much the same. A calculation of 30 years hourly 

production for an installed capacity of 1000 MW was carried out. Subsequently the 

hourly output was regulated +/- 20% in the capacity credit calculations. The 1000 

MW was divided into three wind farms: 

 
› Florida/Pintado – 400 MW 

 
› Minas/Caracoles 3 – 400 MW 

 
 
 
 

 
5
 If a more detailed analysis should be made it would be beneficial to prepare a 

meso – scale wind atlas for Uruguay. 
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› Peralta – 200 MW 

 
The locations of the wind farms can be seen in Figure 24. 

 
Figure 25: Locations of the three wind farms 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.5.2 Wind raw dat a 
 

Three years of measurements were available from onsite meteorological masts at 

three wind farms. The following periods and measurement heights are available: 

 

› Pintado: 
 

› 31-01-2010 – 31-01-2013 
 

› Measurement height: 86 m 
 

› Caracoles 3: 
 

› 31-01-2010 – 31-01-2013 
 

› Measurement height: 39 m 
 

› Peralta 
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› 31-01-2010 – 31-01-2013 
 

› Measurement height: 74 m 

 
Thirty years of long-term data was available as MERRA (see below) data for three 

positions close to the meteorological masts, in a height of 50 m. A linear regression 

has been carried out, presenting a good correlation on a daily average, see Table 27, 

This correlation was used in order to make the long term data site specific and in the 

same height as the measured. Furthermore a comparison between the annual wind 

speed from the three sites for 3-years measurements and the MERRA data has been 

carried out. If the variations measured are more or less the same the variation in the 

MERRA data can be considered representative. 

 
Table 27: Correlation coefficients 

   

 R
2 

 

Peralta 0.6324  

Pintado 0.6740  

Caracoles 3 0.7015  
 

 

This comparison shows that the variation in the measured wind is almost identical 

to the variation in the MERRA data, for 2010-2012, see Figure 26. 

 
Figure 26: Yearly wind speed - Measured and MERRA, 2010-2012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MERRA Dat a 

 
The Modern Era Retrospective-analysis for Research and Applications (MERRA) 

is a NASA atmospheric reanalysis for the satellite era using Goddard Earth 

Observing System Data Assimilation System Version 5 (GEOS-5). MERRA 

focuses on historical analyses of the hydrological cycle on a broad range of 

weather and climate time scales, including wind data. MERRA data covers the 

period from 1979 until today. 
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The data is given in a grid with a horizontal resolution of 2/3 degrees longitude and 

1/2 degrees latitude. The data is given as hourly values, starting at 00.30 GMT each 

day. 

 
Wind Shear 

 
In order to estimate the wind speed at hub height, the power law (eq. 1) has been  
used with a shear exponent of α= 0.14. 

 
 

Eq. 1: 
 
 

 

3.5.3 Wind t urbines 
 

It was decided to use three different types of turbines with different hub height but 

all within the IEC classification IIA which was deemed suitable for the observed 

wind regime. The reasoning for not just using one turbine with one power curve at 

the same height was to get a more realistic hourly energy production for the 

capacity credit calculations. The following wind turbines have been used for the 

calculation: 

 
› Pintado: 

 
› Nordex N100 2.5 MW 

 
› Hub height: 100 m 

 
› Class IIA 

 
› Caracoles 3: 

 
› Vestas V112 3.0 MW 

 
› Hub height: 84 m 

 
› Class IIA 

 
› Peralta 

 
› Gamesa G90 2 MW 

 
› Hub height: 78 m 

 
› Class IIA 

 

 

3.5.4 Losses 
 

In order to get the correct energy production output contribution losses in there 

must be made a correction for different types of losses. Based on experience from 

previous production estimates the following losses have been taking into account: 
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› Wake loss: 5% 

› Utility grid availability loss: 1% 

›   Wind turbine availability loss: 5% 

› Transformer and line loss: 2% 

Combined loss: 12.4% 

 
Please note that the actual losses depend on the wind farm layout, grid connection 

etc. 

 

 

3.5.5 Production Tim e Series 
 

Based on the hourly wind speed, the corresponding power is found by applying the 

corresponding power curve and the loss. In the table below is an example of the 

times series for the three wind farms. 

 
Table 28: Example of energy production by the hour aggregated for three wind farms 

     

Date  Time Wind Speed Power [kW] 

   [m/s]  
01-01-1983 00:00 7.7 143809.8 

    

01-01-1983 01:00 8.0 159664.8 
    

01-01-1983 02:00 8.1 167544.8 
    

01-01-1983 03:00 8.0 156251.0 
    

01-01-1983 04:00 7.6 138400.6 
    

01-01-1983 05:00 7.5 129745.9 
    

01-01-1983 06:00 7.6 139482.4 
    

01-01-1983 07:00 7.7 145432.6 
     

 

 

3.5.6 Production est im ate 
 

Based on data and assumptions presented above, the production has been 

calculated for every hour in a 30 year period: 

 
› 01-01-1983 – 28-02-2013 

 
The results are as expected rather high capacity factors for all three sites: 

 

› Pintado/Florida: 39% 

› Caracoles 3: 42% 

› Peralta: 37% 
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3.5.7 Variability in annual wind speed 
 

Based on the 30 years of MERRA data an investigation of the variability of the wind 

speed has been carried out on an annual basis. The reason being that if the yearly 

variations in wind speed are limited there will be no correlation of importance to dry 

– wet years and furthermore the years dry, average and wet years selected for 

capacity credit calculations will be representative. 

 
In Figure 27 below, the yearly mean wind speed is presented for the period 1983-

2012, for three different locations. The standard deviation in the annual wind speed 

over the 30 years is approximately 2 % which can lead to variability in the AEP of 

approx. 4-6 %.
6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6
 The variability is not the variation between individual years and cannot be compared to 

the variation between two random years. It is the standard deviation of the 30 year period 

divided by the average of the 30 year period – describing the variation from average. 
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3.5.8 Dry years – variabilit y in wind speed and hydro inflow 
 

The years 1989, 2004 and 2006 have been categorized as dry years, and it is 

therefore interesting to investigate the wind regime during those years compared to 

the hydro inflow. Based on a ranking where the driest year is 1 and the wettest year 

is 98, these three years have been ranked as 8, 16 and 7 respectively. 

 
Annual 

 
In Figure 28, these three dry years are marked, and it can be seen that the wind 

speed is lower than the long term average for 1989 and 2006, but higher than the 

long term average for 2004. Furthermore the wettest year 1998 (ranked 98) is 

marked in the figure, and it can be seen that the wind speed that year is the lowest 

of all years. 
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In Figure 29, a linear regression between the generated hydro power and the mean 
wind speed is presented. As it can be seen there is no correlation between the mean 

wind speed and the hydro inflow from dry to wet years, as the R
2
 is 0.0107. In order 

to conclude a correlation, an R
2
 of at least 0.5 should be obtained, and still a good 

correlation is only present if R
2
 is above 0.8. Close to 0 means that there is no 

correlation at all. 

 
Figure 29: Linear regression between hydro power and wind speed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Quart erly 

 
The two dry years, 1989 and 2006, have been investigated further in order to check 

if there is any pattern in the wind. In Figure 30 and Figure 31 the average wind 

speed for the quarterly periods (listed below) are presented together with the sum of 

the hydro inflow in the periods, for the year 1989 and 2006 respectively. In the 

figures it can be seen that the wind speed is actually higher in the periods with a 

high hydro inflow, with an exception of July to September in 2006. 

 
› January to March (mar) 

 
› May to June (jun) 

 
› July to September (sep) 

 
› October to December (dec) 
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Figure 30: 
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Quarterly average wind speed and quarterly sum of hydro inflow – 1989 
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Figure 31: 
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Quarterly average wind speed and quarterly sum of hydro inflow – 2006 
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Weekly 
 
The same analysis is carried out based on weekly data. Figure 31 and Figure 32 

present the weekly average wind speed and the sum of hydro inflow for the years 

1989 and 2006, respectively. For the weeks with an inflow below the average the 

wind speed is both above and below the yearly mean wind speed. 
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Figure 32: Weekly average wind speed and weekly sum 

of hydro inflow – 1989 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 33: Weekly average wind speed and weekly sum 

of hydro inflow – 2006 
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In Figure 33 a linear regression between the weekly hydro inflow and weekly mean 

wind speed is presented. It can be seen there is no correlation as the R
2
 = 0.0697. 

 
Figure 34: Linear regression between weekly inflow data and weekly mean wind speed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3. 6 I m plications of the firm capacit y and 
recom m endations 

 
Installation of wind power in Uruguay will have a significant positive impact on the 

power production capacity of Uruguay. Furthermore, it is important to note the 

capacity credit contribution will be higher during dry years and years with average 

hydro conditions than for a wet year. 

 
It has not been possible to identify any correlation between dry years and average 

wind speed not even at dry weeks and wind speed. 

 
Based on the discussions recommendation on regulatory guideline recognizing a 

capacity credit from wind power plants as a percentage of their nominal installed 

capacity can be given. 

 
The proposed recommendation should as far as possible result from a consensus 

between the relevant authorities, suit local market conditions and be possible to 

adapt into the national regulatory framework. 
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4 Grid access regulat ions ( com ponent 2) 

4. 1 Review of int ernat ional experiences 
 

 

4.1.1 Europe 
 

The permit application process for grid access is highly variable within European 

countries depending on regulations, grid ownership and financial responsibilities. 

Barriers can be realised through the connection of a wind farm to the grid, due to the 

need for evaluation on many levels by all parties involved. How the parties deal with 

these barriers effects greatly the quality of the grid access schema in each European 

nation. 

 
The EWEA has carried out a study called 'Wind Barriers' which looks at building 

methodology to identify barriers that compromise the development of wind energy, 

with respect to administration and grid connection. The methodology is to be used 

by European member of states to promote electricity production for renewable 

energy sources, here wind power. The findings highlight both successful practices 

and improvements for the permitting procedures of grid access to wind power 

plants. 

 
Five main factors have been identified through 'Wind Barriers' as being barriers to 

grid access and connection: 

 
1 Grid connection lead time 

 
2 Grid connection costs 

 
3 Transparency of decision making process and deadlines 

 
4 Number of system operator and number of parties involved 

 
5 Physical grid access 
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Grid connect ion lead t im e 

 
Grid connection lead time is often high because of the grid connection procedures. 

This can be due to a number of factors including poor administration servants, poor 

administrative deadlines and inadequately defined grid infrastructure. In the EU the 

average grid connection lead time is 25.8 months for onshore and 14 months for 

offshore. 

 
EWEA Recommendations:  
› Reduce average grid connection time to 6 months  
› Set and adhere to strict deadlines for administration processes  
› Train and allocate sufficient personnel to manage the anticipated applications  
› Provide well-defined requirements for grid connections and capacities at 

common coupling points to the public  
› Assign connection points to technically reliable projects over poorly designed  
› Closer collaboration of developer and grid operators  
› Reducing excess of developer requests on grid points by ensuring projects put 

up for application are realistic and based on measured wind data 

 
Grid connect ion cost s 

 
The grid connection costs here include those for grid extensions, staff and 

administrative procedures. In some countries, investment risks become high where 

grid cost information is not well defined or provided early enough in the 

development process. What's more member states have different regulations on the 

share of grid connection costs between system operators and developers, which can 

limit access for some developers. Reports in some EU countries show that 

connection costs can have significant differences depending on the distribution 

company, which can affect grid access for developers. 

 
EWEA Recommendations:  
› System operators should cover and/or contribute to the costs of grid 

connection; protocol defined for this procedure  
› System operators should adapt costs to the project size  
› Limit technical grid connection requirements to what is necessary within the 

scope of a project  
› Better definition (and eventually EU standardization) of grid codes and 

connection requirements, which are realistic and correspond with the latest 

technologies; these are available to developers 

 
Transparency of grid connect ion process 

 
Grid connection transparency reflects greatly in standards for accessibility to grid 

connection data, deadlines for the grid connection process, consistency of decision 

making for allowing connection and collaboration between parties involved. 

Connections requests would benefit from better coordination between distribution 

and transmission companies. Grid access would be also fairer where vertical 

integration of power companies is broken down in some EU countries. 

 
Num ber of system operat ors and num ber of part ies involved 

 
In the EU the average number of transmission system operators involved in wind 

developments is 0.85 for onshore and 0.92 for offshore, which means that a 
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majority of developments in many countries connect to a single transmission grid. 

The average number of parties involved in the grid connection procedure in the EU 

is 24 for onshore and 4.4 for offshore wind. The ideal objective for the EU would be 

coordination of the application process through a single access point. Currently the 

best performing countries in the EU have an average of fewer than three entities to 

contact. For countries where the averages are higher there is concern for clarity in 

administrative procedure, appropriate interlocutors and the overall decision making 

processes for grid access procedures. 

 
Physical grid access 

 
In many European countries the grid is underdeveloped in windy areas and/or not 

capable of integrating large amounts of wind power. This causes problems with 

grid access where developers have to wait longer to get physical connection to the 

grid. Farming projects can also be compromised where plants cannot be placed in 

ideal locations due to this insufficient grid capacity. This supports the need for 

sufficient funding by and collaboration with the grid operators or energy 

companies to resist such barriers and provide necessary grid extensions. 

 
A note should also be made on the relation between grid access and access to land 

for grid connections. It is often the responsibility of the developer to set up 

evacuation lines connecting the wind park and connection point. In some countries 

a parallel project with environmental impact assessment studies must be established 

in gaining approval for this. 

 
Similar access barriers are experienced throughout the EU. The following table 

also highlights a few and which are most relevant for different regions: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4.1.2 Denm ark 
 

Denmark is known for its leading energy market in wind power and is one of the 

top three countries considered to have a developed growth market in grid 

connection for wind energy according to 'Wind Barriers'. 

 
Even in the absence of deadlines outlined by the authorities the lead time for a grid 

permit is on average 2.1 months (compared with EU average of 25.8 months, as 
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above). While there are no formal deadlines, the cooperation between the 

Transmission and Distribution System Operators (TSO and DSO) and the developer 

are efficient, transparent and cooperative. The Danish Order of Wind Turbines sets 

conditions for splitting of costs for the grid connection between the developer and 

utilities. These costs are covered by the Transmission and Distribution System 

Operators, amounting the average project costs in Denmark to at least one-quarter 

lower than the EU average. 

 
The Danish Wind Turbines Order contains rules for developers regarding the 

network or transmission supporting the connection, as well as cost shares for 

connecting and the ongoing connection. The Danish Act of Planning has simplified 

requirements and straightforward procedures in the regional and local planning areas 

for grid access for wind turbines. Under the building legislation, wind turbines don't 

need a building permit only notification to the municipal authority. Type-approval 

schemes also exist for the simplification of this case processing. Energinet.dk has 

also established a guarantee fund that allows developers to obtain commercial loans 

to finance the initial investigations of a wind turbine project. This means that 

developers and initiative-takers do not become financially insecure in the case where 

projects cannot be realized. Such funding allows developers to investigate issues 

such as grid connection at alternative sightings at no cost. 

 
With regards to offshore wind power the Danish Energy Agency is responsible for 

the overall handlings of a new project. A developer can contain all necessary 

approvals and licenses through the Danish Energy Agency, who also arranges any 

consultations with relevant stakeholders. This greatly simplifies the entire 

application process for new developments. 

 

 

4.1.3 Brazil 
 

There are a number of parties involved in permitting access to the grid in Brazil. 

The first point of call is the National Agency for Electrical Energy (ANEEL), who 

issues licenses for power generation to the developer. They also set fees and 

conditions for access to and use of grids by permit holders. With this license the 

developer can apply for memberships and grid connections through the National 

Grid Operator (ONS). The National Combined System (SIN) combines the entire 

electrical power generation and power transmission sector of Brazil. ONS controls 

and manages SIN under supervision of ANEEL. 

 
In Brazil there is a law regarding the principle of free access to the electrical grid. 

Every producer and consumer has the right to grid connection and use. Users can 

apply for both permanent and temporary connections to the grid. However a 

permanent connection can be established faster. Access can be requested from ONS, 

where the connection is to the transmission grid or transmission installations 

connected directly to the transmission grid. However, access should be requested 

from the power supply company where the connection is to the transmission grid or 

the transmission installations that are not connected directly to the transmission grid. 
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Application for grid access takes a specified form with appropriate 

authorization/recommendations at each step. The processing duration depends on the 

needs for improvements to the proposal. The developer willing to connect to the grid 

is responsible for conducting all studies supporting their case. Studies should cover 

energy quality, possible short circuits and power flow. Before making an application 

it is possible for the developer to make non-obligatory contact with the ONS 

regarding access to the grid. 

 
There is a 90 day deadline on the finalization of the Agreement Regarding the Use of 

the Transmission System with the ONS. In this same period the Agreement 

Regarding Connection to the Transmission System must also be finalized. Costs for 

these agreements are outlined by the ONS. 

 

 

4. 2 Review of m ethodologies t o det erm ine m erit 
order 

 

 

4.2.1 The m erit order curve 
 

In order to minimize the generation costs in a power system, the generators should 

be ranked in ascending order of their short-run marginal generation costs so that 

those with the lowest margin costs are the first ones to be put into operation, and the 

plants with the highest marginal costs are the least ones to be put into operation. 

 
The figure below shows a typical example of an annual supply and demand curve. 

In a power market, the supply curve is called the "merit order curve". As seen in the 

figure, such curves go from the least expensive to the most expensive units and 

present the costs and capacities of all generators. The differences between costs of 

generators are mainly due to the technology used and the fuel it consumes. 
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Figure 35: Annual supply and demand curves in the power market 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: EWEA Economics of Wind 

 
The figure also shows the market price of electricity assuming that there is an 

electricity market. In this case, the market price will correspond to the marginal 

generation costs in the system, i.e. the costs of the most expensive generator in 

operation. However, also in countries/regions without an electricity market, the 

generators should still be dispatched according to their costs in order to minimize 

total system costs. 

 

 

4.2.2 The m erit order effect 
 

Wind power normally has a low marginal cost (zero fuel costs) and therefore enters 

near the bottom of the merit order curve. Graphically, this shifts the merit order 

curve or the supply curve to the right resulting in a lower power price, depending on 

the price elasticity of the power demand. In the figure below, the price is reduced 

from Price A to Price B when wind power decreases during peak demand. In 

general, the price of power is expected to be lower during periods with high wind 

than in periods with low wind. This is called the "merit order effect". 
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Figure 36: Effect of wind power at different times of the day 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: EWEA Economics of Wind 

 

 

4.2.3 Curt ailm ent 
7 

 
As explained above, wind has zero or very low marginal costs, which means that as 

long as a system operates within transmission and operating constraints, wind tends 

to displace conventional generation. However, increasing wind penetration levels 

may drive a system to encounter transmission or operational constraints, forcing the 

system operator to accept less wind than is available. High levels of wind power can 

be challenging to integrate into power systems because of its variability and limits in 

predictability. When high levels are planned, infrastructural, operational, or 

institutional changes to the grid may be necessary. During this transition phase, 

curtailment may be higher than after the changes are made. 

 
There are many reasons for curtailment, and system operators may distinguish 

between these reasons for compensation and accounting purposes. The main 

reasons for wind curtailment are listed below: 

 

› Transmission congestion, or local network constraints, is a common reason for 

system operators to utilize higher marginal-prices resources instead of less 

expensive resources. Related to congestion is insufficient transmission 

availability. Because of the mismatch in construction times, wind power plants 

may be built somewhat in advance of the necessary transmission to transport 

those energy resources to load canters. These new wind power plants may be 

curtailed until transmission infrastructure is commissioned. 
 
 

 
7
 See also: http://www.nrel.gov/docs/fy13osti/60245.pdf 
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› Minimum operation levels on thermal generators are another driver for 

curtailment. Wind is often stronger at night, when loads are low and thermal 

units are pushed down against their minimum operating constraints. A related 

issue is the requirement for downward reserve. If wind is unable to provide 

downward reserves, then sufficient downward capability may need to be held 

on thermal units, raising their operating levels. 

 
› Hydro plants may also have a minimum operating levels because of 

environmental, recreational, or irrigation constraints. For example, to comply 

with limits on dissolved gases to protect fish, operators may be required to run 

water through their turbines rather than spill water over a dam. 

 
› Curtailment can also occur in the distribution system to avoid high penetrations 

or back-feeding, in which a feeder produces more energy than it consumes, of 

distributed generation on feeders, which can lead to voltage control issues as a 

result of variability of the wind resource. Back-feeding can be problematic if 

protection devices and other infrastructure were not designed or are not yet 

adapted for this type of operation. 

 
› Finally, limits may be placed on nonsynchronous generation levels to maintain 

frequency requirements and stability issues, especially on small, isolated grids. 

Modern wind power plants interconnect to the grid through power electronics. 

Because they displace conventional synchronous generation, which provides 

inertia and may provide governor response, system frequency response might 

suffer if a contingency event occurs when there is a high penetration of 

nonsynchronous generation. 

 
Managem ent of curt ailm ent 

 
There are various approaches to how wind is curtailed. There is emerging interest in 

performing curtailment as part of the market function. The advantage to this 

approach is that economic signals regarding the cost-effectiveness of alternative 

curtailment are transparent. If al market participants, including wind power plants, 

participate, then the solution will be economically efficient. Conversely, when no 

market mechanism exists or is available for curtailment, a system operator must 

typically make a decision in real time concerning which plant(s) to curtail. The 

absence of price signals in this case will likely result in an economically inefficient 

outcome. 

 
No matter what approach is used, the important thing is that it is the units with the 

highest marginal costs among the units which it is possible to curtail that should be 

curtailed. In systems with a high share of both hydro power and wind power, it is 

therefore necessary to consider the marginal costs of these two technologies in order 

to decide what should be curtailed. When considering the costs of hydro power with 

storage, it is important not only to look at the variable O&M costs of operating the 

turbine. It is important to consider the "opportunity value" if the water is saved for 

later use. The costs of running the turbine may be very low and this could lead to the 

conclusion that the costs of hydro generators are close to zero as for wind generators. 

But if the water can be saved for later use and thereby replace electricity generated at 

e.g. condensing plants, the water has a value, i.e. the 
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alternative value of the water at any time in the future, which should be taken into 

consideration. In this case, the wind power should most likely be curtailed before 

the hydro power. If there is no storage and the water cannot be saved for later use, 

then marginal costs for hydro power will probably be close to the marginal costs 

for wind power. 

 
Exam ples of wind energy curtailm ent pract ices in t he Unit ed St at es 

 
The table below is taken form the NREL report "Wind Energy Curtailment Case 

Studies" from October 2009. It shows some examples of wind energy curtailment 

practices in the United States. 

 
  Table 29: Examples of Wind Energy Curtailment Practices in the United States 
       

  Descr i p t i on  Co n st r a in ed Am o u n t Co m p en sat i on 

    Op er a t i o n Cu r t a il ed  

    Pr o ced u r es   
      

 ERCOT Congest ion is current ly ERCOT m ay call upon January t o I f McCam ey area 

  m anaged by ERCOT on a wind plant s in t o August 2008, plant s were 

  zonal basis. The m ajorit y of m ake reduct ions in curt ailed called upon for 

  wind is near McCam ey, in t he out put during periods approxim at ely curt ailm ent , 

  west ern zone. ERCOT used of t ransm ission 140- 150 MW ERCOT paid out - 

  special rules for t his zone as congest ion. New about 45- 50% of - m erit energy 

  t ransm ission const raint s nodal m arket rules of t he days, paym ent s, but 

  lim it ed t ransfers from t he being im plem ent ed. via rest rict ed only up t o t he 

  zone int o t he load cent ers in  daily operat ing daily operat ing 

  east ern Texas. ERCOT  lim it s. From lim it . New nodal 

  im posed daily operat ing lim it s  Decem ber m arket rules 

  for wind plant s in t he  2008 t o July being 

  McCam ey area based on  2009, im plem ent ed. 

  proj ect ed generat ion and  curt ailed  

  dem and. This prot ocol was  bet ween 500  

  rem oved effect ive Sep. 1,  MW and 1000  

  2009, in preparation for t he  MW daily, and  

  t ransit ion t o nodal m arket s.  at t im es  

     curt ailing up  

     to 3000 MW  
     daily .  
      

 Mi d w est I SO No specific wind curt ailm ent During Minim um No I SO- wide Locat ional 

  program . Will curt ail wind Generat ion Event s, dat a available. m arginal price 

  during Minim um Generat ion will order  ( LMP) - based 

  Event s along wit h ot her curt ailm ent s in t he  m arket , no 

  generat ion resources following order:  addit ional 

  according t o econom ic order . 
1. Generat ion 

 com pensat ion. 
       

ident ified t hrough t he 

Reliabilit y  
Assessm ent  
Com m it m ent process. 

 
2. Generat ion above t 

he day - ahead 

schedule from non-

DNRs (Designated Net 

work Resources) . 

 
3. Generat ion above t 

he day - ahead 

schedule from DNRs. 
 

4 . Non - DNR 
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com m it t ed in t he Day 

Ahead Market . 
 

5. DNRs and firm  
im port s com m it t ed 

in the Day Ahead 

Market 

 
N ew  Yo r k I SO Wind int egrated int o real- t im e During constrained No dat a LMP- based 

 and day - ahead m arket operat ions generat ion available. m arket , no 

 dispatch. Wind bids price- will be curtailed  addit ional 

 quant it y curve int o real- t im e according t o  com pensat ion. 

 m arket and is dispatched econom ic bids. Wind   

 econom ically along wit h ot her plant s m ust follow   

 generat ion. Wind plant s m ust elect ronic basepoint   

 part icipat e in wind forecasting dispat ch signals   

 and be able t o accept wit hin 5 m inut es or   

 elect ronic basepoint dispat ch be assessed penalt ies   

 signals. for non- com pliance.   
     

PJM Wind included in procedures During event s, all No dat a LMP- based 

 for Em ergency Event s and generat ion reduced available. m arket , no 

 Light Load Event s. Wind to econom ic  additional 

 curt ailed along wit h ot her m inim um s first . I f  com pensat ion. 

 generat ion based on econom ic addit ional curt ailm ent   

 and em ergency m inim um s. needed, all   

 Wind assum ed to have generat ion reduced   

 m inim um of zero unless to em ergency   
 ot herwise bid. Wind plants are m inim um levels.   

 required t o part icipat e in Wind plant s are   

 forecast ing syst em and be required t o respond   

 able t o accept elect ronic to electronic   

 basepoint signals. basepoint dispat ch   

  signals wit hin 15   

  m inut es or m ust   

  not ify PJM if t hey   

  cannot respond t hat   
  quickly .   
     

Bo n n ev i l l e Curtailm ent procedures When 90% of No dat a No 

Po w er included in wind Large balancing reserves available. com pensat ion. 

A d m in i st r at i o n Generat ion I nt erconnect ion deployed, BPA can   

 Agreem ent for syst em event s. assign generat ion   

 Wind plant s required t o lim it s t o wind plant s   

 part icipat e in forecasting and based on scheduled   

 be able to accept elect ronic out put plus a pro rat a   

 basepoint signals. allocat ion of   

  balancing reserves.   

  Wind plant s m ust   

  respond to electronic   

  basepoint signals   

  wit hin 10 m inut es or   

  BPA can disconnect   
  the plant .   
     

Ha w a i i an All wind plant s are equipped During syst em No dat a No addit ional 

El ect r i c wit h grid operat or cont rolled em ergency event s available. com pensat ion, 

Co m p an y curt ailm ent int erfaces. Grid grid operat or will use  curt ailm ent s 

 operat or set s elect ronic m ost effect ive cont rol  built int o 

 basepoint generat ion lim it s as to address issue  cont ract ual 

 necessary . (such as reducing a  agreem ent s. 

  specific wind plant   

  out put) . During light   

  load t im es, Mu st - Ru n   
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Generat ors reduced t 

o m inim um levels, t 

hen As- Available  
Generat ors ( including 

wind) curt ailed 

according t o a pre-det 

erm ined priorit y est 

ablished via  
cont ract ual 

agreem ent s. 

 
Xcel En er g y Nort hern St at es Power MN NSP: agreem ent s NSP: about NSP: m ake 

 (NSP) is in Midwest I SO and wit h wind plant s in 23,000 MWh whole kWh 

 follows t he Midwest I SO’s Sout hwest Minnesot a in 2008. paym ent s for 

 direct ion on whet her t o curt ail on a 
PSCO: about 

bot h fixed and 
 

curt ailm ent is required. rot at ional basis when variable cost s.  

3,000 MWh in   
required by Midwest 

 
 

Public Service of Colorado 2008. PSCO:  
I SO.  

(PSCO) and Sout hwest ern 
 

cont ract ed    

 Public Service ( SPS) have PSCO: cont ract s wit h  am ount s are at 

 procedures t o reduce all wind plant s to curt ail  no cost . 

 generat ion and prices/ sales t o a set am ount per  Additional 

 m inim um levels prior t o year on an as- needed  am ount s m ade 

 ordering wind energy basis. I f addit ional  whole for energy 

 curt ailm ents. curt ailm ent required  plus Product ion 

  PSCO will call wind  Tax Credit . 

  plant s to reduce   

  generat ion according   
  t o a schedule based   

  on t he day of t he   

  m ont h.   
     

So u t h er n Wind curt ailm ent syst em in Agreem ent wit h About 15 MW Make whole 

Ca l i f o r n ia place for t he Tehachapi region Terra- Gen Power t o for 3- 4 hours paym ent for 

Ed i so n due t o t ransm ission reduce out put on an about every energy . 

 const raint s. as- needed basis. two days (or  

   6- 8% of t he  
   tim e) .  

 
Source: "Wind Energy Curtailment Case Studies, May 2008-2009, NREL 

 
Curt ailm ent m itigation opt ions 

 
Reducing curtailment typically involves finding additional sources of flexibility in 

the system. These can be physical additions (e.g. storage), grid capacity, 

institutional changes (e.g. access to a new market) or operational changes. 

 
The European Union's Twenties project has studied different mitigation options 

based on market scenarios for 2020 and 2050 in Northern Europe including 

countries with significant plans for offshore wind power development. One option 

is expansion of flexible hydro power and transmission capacity that will reduce 

wind power curtailment significantly. 

 

 

4.2.4 Exam ples from Denm ark / NordPool area 
 

In Denmark, on-shore wind turbines in general receive the market price of electricity 

plus an add-on to the market price. This means that wind operators have an incentive 

to shut down their wind turbines if the market price becomes sufficient negative. The 

add-on to the market price is 250 DKK/MWh and is paid for the first 
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20,000-25,000 number of full load hours which corresponds to app. 6-10 years 

(after this period, the wind turbines only receive the market price). By high market 

prices, however, the add-on is reduced so that the total price within each month 

(market price + add-on) cannot exceed 580 DKK/MWh. 

 
Even though the wind operators have an incentive to shut down their wind turbines 

when market prices are negative and where the market price plus the add-on sum up 

to a price less than 0 DKK/MWh, this only happens very rare. The negative market 

prices of electricity appear very rare, and when they do, wind operators are normally 

not prepared for this and not ready to shut down their turbines. During the Christmas 

2012, there were some examples that some of the balance responsible in the system 

had to call wind operators and ask them to shut down their turbines which they had 

not done by themselves even though they had an economic incentive to do so. 

 

 
For off-shore turbines, there are some other rules/conditions. They are built based 

on government tender and they receive a fixed agreed price per MWh. The prices 

for the three newest off-shore parks are: 

 
› Horns Rev 2 tendered the 7th of July 2004 – 518 DKK/MWh. 

 
› Rødsand 2 tendered the 7th of February 2008 – 629 DKK/MWh. 

 
› Anholt tendered the 30th of April 2009 – 1051 DKK/MWh. 

 
For most of the off-shore wind parks, they receive the fixed agreed price no matter 

what the market price is, and also if the market price is negative. Thereby, these 

turbines have no incentive to shut down during periods with negative market prices. 

For the latest established off-shore wind park (Anholt), however, it has been agreed 

that they only receive the payment when market prices are positive. In periods where 

the market price becomes zero or negative, they receive the market price instead of 

the agreed payment. By this, this off-shore wind park has an incentive to shut down 

the production during periods with negative market prices. 

 
The two figures below show some data for the western part of Denmark. Figure 37 

shows the development in the annual average market price from 2000 to 2012 (blue 

line). It also shows the average price paid to the wind producers excluding the add-

on of 250 DKK/MWh (red line). 
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Figure 37: Average market price and average wind price in western Denmark 
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From Figure 37 it appears that the wind operators in average receive a price 

(excluding the add-on) which is almost 10 % lower than the average market price. 

This has to do with the merit order effect as also shown in Figure 36, i.e., the wind 

turbines are themselves influencing the price in downwards direction. 

 
Figure 38 below shows the number of hours in western Denmark in the period 2000 

to 2012 with market prices of zero or with negative prices. It appears that in all 

years, the number of hours with prices of zero or negative has been less than 100. 

The reason why it dropped from 2009 to 2010 is the establishment of an electric 

interconnector (transmission cable) between western and eastern Denmark. 

 
Figure 38: Number of hours with prices of zero or negative prices in western Denmark 
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5 List of definit ions 
   

I DB  I nt er - Am erican Developm ent Bank 
   

MI EM  Minist ry of I ndust ry, Energy and Mining 
   

UTE  Nat ional Adm inist rat ion of Elect ric Power Generat ion and 

  Transm ission 
  

Capacit y credit The capacit y credit is defined as t he possibilit y for a cert ain power 

  plant t o increase t he reliabilit y, m easured as decreased LOLP, of t he 

  power syst em wit h a cert ain level. 
  

Firm capacit y The sam e as capacit y credit 
  

Capacit y value The sam e as capacit y credit 
  

Capacit y factor Capacit y factor of a wind t urbine is a figure describing t he ut ilizat ion 

  degree t he inst alled wind farm capacit y 
   

TSO  Transm ission Syst em Operat or 
   

UCTE  Union for t he Co- ordinat ion of Transm ission of Elect ricit y 
   

ELCC  Effect ive Load Carrying Capabilit y 
   

LOLP  Loss Of Load Probabilit y 
   

I PP  I ndependent Power Producers 
   

GEF  Global Environm ent Facilit y 
  

Operat ion cost Operat ing cost value is t he capabilit y of t he new power plant t o 

value  decrease t he operat ing cost s in t he exist ing power syst em 
  

Cont rol value Cont rol value is a value relat ed t o t he capabilit y of t he new power 

  plant t o follow t he net - load, i.e., load m inus product ion in variable 

  power sources 
  

Loss reduct ion Loss reduct ion value relat es t o t he capabilit y of t he new power plant 

value  t o reduce grid losses in t he syst em 
  

Grid invest m ent Grid invest m ent value refers to t he capabilit y of t he new power plant 

value  t o decrease t he need of grid invest m ent s in t he power system 
   

ELCC  Equivalent Load Carrying Capability 
   

EFC  Equivalent Firm Capacit y 
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ECC Equivalent Convent ional Capacit y 
  

FOR Forced Out age Rat ed 
  

LDC Load Durat ion Curve 
  

PPC Probabilist ic Product ion Cost ing 
  

I SO I ndependent Syst em Operat ors 
  

RTO Regional Transm ission Organizat ion 
  

MERRA Modern Era Ret rospect ive- analysis for Research and Applicat ions 
  

GEOS- 5 Goddard Eart h Observing System Dat a Assim ilat ion Syst em Version 5 
  

I EC I EC =  I nt ernat ional Elect rot echnical Com m ision 

  

I EEE Effect ive Load- Carrying Capabilit y of Generat ing Unit s 
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Appendix A Explanat ion of calculat ions with 
hydro power including  

descript ion of " peak - loading" 
 

In this appendix it is explained further how the calculation of LOLP is perform 

including also how the hydro power (except from the "base-load") is peak loaded 

in the calculations. If there is then not enough water available, then one has to 

decrease the amount of available hydro power capacity in order to consider the 

water limitation (see also Appendix B). However, this limitation was never hit in 

any of the three hydro years and four wind scenarios (one with 0 MW wind). If 

there opposite is a surplus of water (which was the case in the calculations), this 

"extra" water can be used to offload some thermal power plants, which will also 

happen in real world when doing a least cost optimization/dispatch. But it is 

important to note that this has NO impact on the LOLP calculation. 

 
A: First it is explained how the calculation of the LOLP is performed: 

 
The calculations of the risk of capacity deficit are performed in the following way. 

 
a. Start with a specific loading order of all power plants. “Loading order” 

means that one firstly uses unit number 1, then unit number 2, etc, up to one 

meets the demand. But since there is sometimes an outage of, e.g., unit number 

2, then the loading order is instead, for this case, first unit 1, then unit 3 etc.  
“Loading order” then means that one decides in which order they will be used.  
Here we will as unit number 1 have base load hydro power, since this is 

classified as the part of the hydro power that is used all the time. After the 
 

“base hydro”, then one takes all the thermal power plants after each 
other. If there is still a need of more power to meet the demand (also when 

there is an outage in a thermal power plant), then the peak hydro will be used. 

 

b. Technically LOLP = Loss Of Load Probability means that during a specific 

period of the year the available capacity (= Installed capacity minus outages) 

will not be enough to cover the load. The length of this time (when there is not 

enough capacity to cover the demand) is then the LOLP. This is in all cases 

very small and in reality it only happens when there is a combination of high 

demand, several outages and not so much wind. 

 
c. As stated in point a) we start to assume that hydro power (except for the 

“base hydro”) is peak loaded. This means that the peak hydro is only used when 
 

there is not available capacity enough in “base hydro” + “thermal power” 
. In a second step we then check if there is water enough to produce all this 

needed extra power (which cannot be covered by “base hydro” + “thermal 
power”). If there is then not enough water available, then one has to decrease 

the amount of available hydro power capacity in order to consider the water 

limitation. However this limit was never hit in any of the three hydro years, and 

four wind scenarios (one with 0 MW wind). This means that the amount of 

available water did not in any studied case have any impact on the LOLP in the 

system. 
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d. It can be noted that “peak loaded hydro” leads to a minimum use of water.  

Since the limit of available water was not hit in any of the studied cases, then 
 

there was a “surplus” of water in all studied cases. This “extra” water can 
then be used to offload some thermal power plants. But it is then important to note 

that this has NO impact on the LOLP! One has to remember that capacity deficit 

only occurs when one uses all available capacity (installed capacity 
 

minus outages) and “extra water” does not in any way provide extra capacity 
nor change of amounts of unit outages, so it has NO impact on the LOLP. This 

means that as long as there is water enough (so one will never cause an outage by 

lack of water), then the loading order has no impact on the LOLP. So the used 

loading order from point a) was sufficient for all LOLP calculations. 

 
e. For the calculations we used so-called “Probabilistic simulations” . The 

fundamental assumption is that all changes in demand and outages in each 

calculation are assumed “independent” . This means, e.g. that 
 

› Outages in different types of units are as common during peak load as 

during low load. However one has to remember that “ outage” 
means “not available for production if needed” which is NOT the 
same as “ the unit produced”! 

 
› Outages in all units are totally independent from outages in other units. In 

the calculations we have, e.g., assumed that hydro units are divided into 

smaller blocks with the assumption of independence between outages in 

the different blocks. This means, e.g., that if there is an outage in block 1 

or not, then the state of this has absolutely NO impact on whether there is 

an outage in block 2 or not. 

 
Concerning wind power we first calculate the “net-load” for each hour, 

i.e., [“net load” = “load” minus “wind power”]. This means that one 
automatically includes the correlation between load and wind in these 

calculations. This is different in different years. In some years there happens to 

be high winds when there is high load ( lower LOLP), while during other years 

there is rather low winds during high load ( higher LOLP). It can also be noted 

that this means that 

 

› Outages in different plants have no correlation to wind speed level, i.e. 
outages are as common during high winds and during low winds. 

 
It can in addition be noted that the calculations for each year is divided into 

four periods, but this is mainly done in order to check the water availability 

during each period. 

 
B: All capacity credit calculation methods are based on calculating the 

LOLP for different systems, and adjust the systems until one gets the 

correct LOLP level. 

 

› Equivalent Load Carrying Capability- ELCC: If X MW of a power plant 

results in that the demand can increase with Y MW at the same LOLP, then 

the capacity credit as ELCC of the X MW power plant is Y MW. Method: 1) 
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Calculate LOLP without X MW wind power. 2) Add wind power and calculate 

LOLP again. 3) Adjust the load level (Y MW extra load every hour) until the 

LOLP is the same as in step 1). X MW of wind power has capacity credit Y 

MW 

 

› Equivalent Firm Capacity-EFC: If X MW of a power gives the same 

decrease of LOLP as a 100 percent reliable Y MW power plant, then the 

capacity credit as EFC of the X MW power plant is Y MW. Method: 1) 

Calculate LOLP without X MW wind power. 2) Add wind power and 

calculate LOLP again. 3) Add a 100% available unit to the system with NO 

wind power (as in step 1) and capacity Y MW. Adjust the capacity level (Y 

MW installed capacity of the unit) until the LOLP is the same as in step 2). X 

MW of wind power has capacity credit Y MW 

 
› Equivalent Conventional Capacity-ECC: If X MW of a power gives the 

same decrease of LOLP as a conventional, not 100 percent reliable, Y MW 

power plant, then the capacity credit as ECC of the X MW power plant is Y 

MW. Method: 1) Calculate LOLP without X MW wind power. 2) Add wind 

power and calculate LOLP again. 3) Add T 80% available units to the system 

with NO wind power (as in step 1) where each has a capacity of Y MW.  
Adjust the capacity level (Y MW installed capacity of each unit) until the 

LOLP is the same as in step 2). X MW of wind power has capacity credit 

T*Y MW. This is done for T=1 and T=3. 
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Appendix B A descript ion of how t o handle dry 
year sit uat ion concerning LOLP 
calculat ion 

 
First assume that we have a certain load to manage. In this case it is a weekly load 

from January from available data, starting with January 2. The load is shown in 

Figure 39. 

 
Figure 39: Load duration during one week 
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This load should then be covered in some way. Here we assume 100 % reliable 

thermal and hydro power plants. The thermal capacity is 800 MW and the hydro 

capacity 600 MW. It is assumed that thermal power acts as base load and the hydro 

power then produces the rest. The result is shown in Figure 40. 

 
Figure 40: Load covered with thermal power and hydro power 
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It can be noted in Figure 40 that there is not enough capacity in the system during 

50h and the lack of energy production is 3,888 MWh. Figure 40 can be redrawn as 

a load duration curve which is found in 
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Figure 41: The load and production from Figure 40 redrawn as a load duration curve 
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The question of “dry year” then refers to the issue that there is not water 
enough to cover the required 77,856 MWh in Figure 40. If there is not energy 

enough then one have to decrease the power production, which will then lead to an 

increased LOLP and an increased amount of Energy Not Served (ENS). The 

question is then, in reality, when the hydro power will be decreased and how much. 

The only formal requirement is that the total energy production has to be the same as 

available production. 

 
Now assume that only 70,000 MWh is available, i.e., the hydro production has to 

be decreased with 7,856 MWh. There is a large amount of possibilities to do this, 

but here only two will be discussed. 

 

Strat egy 1 – Decrease hydro power during all hours with the sam e 
am ount .  
The result of this strategy is shown in Figure 42. 

 
Figure 42: Result from strategy 1 – Available hydro power is decreased all hours to 

fulfil energy restrictions 
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The figure shows that if available hydro power is decrease from 600 MW with 

111.97 MW to 488.03 MW, then the resulting energy production becomes the 

requested 70,000 MWh during the week. The consequence is that the LOLP 

increases with 40 hours to 90 hours and the Energy Not Served increases with as 

much as the decrease in hydro energy, i.e. 7,856 MWh. 

 
It can be noted that with a limited amount of water it is essential to use thermal 

power as base power (no energy limitation) and hydro as peak power, since this 

means that the capacity of the hydro can be used as much as possible. 

 

Strat egy 2 – Decrease hydro power during night s.  
Now assume that one think that it is important to cover the peak load, so one 

instead try to produce as much as possible during day time and decrease the 

production during night to get the correct energy. An example of this is shown in 

Figure 43. 

 
Figure 43: Result from strategy 2 with a decrease of hydro power during 8 hours 

each night 
 
 
 
 
 
 

 

M
W

h
/h

 

 

 
 

1600  

1400  

1200  

1000  

800  
 Thermal capacity: 800 MW 

600 Hydro capacity: 600.00 MW 

400 Thermal energy: 134400 MWh 

 Hydro energy: 70000 MWh  
200 Energy not served: 11744 MWh 

LOLP: 90 h  
0 

0 20 40 60 80 100 120 140 160 

   hour during one week    

 

Strategy 2 implies that one decreases the hydro power production each night during 

8 hours with 196.4 MW in each hour. Then the energy requirements are fulfilled. 

The result concerning LOLP and ENS are the same as for strategy 1. 

 
It can be noted that if one decrease hydro during more hours (e.g. 9 hours per 

night), then the LOLP will increase with 5 hours. If one, on the other hand, 

decreases hydro power during day time (when there is not enough capacity 

anyhow) then the LOLP will not decrease. But in all strategies the demand has to 

be lowered during some hours since there is not water enough. 

 

Selected strategy =  St rat egy 1  
The selected strategy is Strategy 1. The result of this strategy can also be drawn as 

a load duration curve, see Figure 44. 

 
With this method it is straightforward to apply standard probabilistic simulation. 

The reason is that outages in thermal power plants are included in the equivalent 

load duration curve which is considered. If one study, e.g. Figure 43, it looks easy 
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to control the hydro (less use during night), but in reality one have to consider 

outages in thermal power plants (perhaps do not decrease in night in there is an 

outage) which then also have to be considered when the LOLP is calculated. With 

strategy 1 one can assign the available hydro power capacity in order to get the 

correct energy production per time period considering both thermal outages (in 

equivalent load duration curve) and wind power (by using the net load). 

 
Since the same amount of load energy is curtailed in any strategy then it should not 

matter so much if another strategy is used. The ENS is the same in any strategy. 

 
Figure 44: Result of strategy 1, drawn as a load duration curve 
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