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THE RELATIONSHIP BETWEEN BASE-LOAD GENERATION, START-UP COSTS AND 

GENERATION CYCLING  

 

Niamh Troy, University College Dublin, Phone +353 1716 1857, Email niamh.troy@ucd.ie 

 Eleanor Denny, Trinity College Dublin, Phone +353 1896 1522, Email dennye@tcd.ie 

Mark O’Malley, University College Dublin, Phone +353 1716 1851, Email mark.omalley@ucd.ie 

 

Abstract - Developments in the electricity sector such as the integration of increasing levels of renewable 

power, mainly wind, and the deregulation of electricity markets have resulted in some unconventional operation 

of base-load units. These units, which were originally designed for continuous operation, are now being forced 

into more flexible or cycling operation. This cycling operation results in serious physical degeneration of the 

unit’s components and hence incurs substantial costs to the plant operator. Using a planning tool of the Irish 

electricity system, the impact of increasing wind penetration on the operation of the base-load units is modelled. 

The results show that as wind penetration on the system increased, the base-load units were required to start up 

and shut down more often. However the units found to be cycled the most were not those with the cheapest 

start-up cost, but in fact those units with the shortest synchronisation time
1
. On the basis that the resulting 

cycling costs would increase the start-up costs of the base-load unit to some degree, the effect of increasing 

start-up costs on the operation of the base-load units was also examined. The results show that by increasing the 

start-up costs of base-load units, those units will be scheduled to operate in a more conventional base-loaded 

manner, the extent of which depends on the amount of wind power present. 

 

1. INTRODUCTION 

Recent years have seen the electricity sector undergo significant changes. The threat of dwindling fossil fuel 

resources and a more comprehensive understanding of the factors affecting climate change has seen the 

generation portfolio become more efficient and incorporate higher levels of sustainable technologies 

(International Energy Agency, 2008), (Sustainable Energy Ireland, 2007). In addition, governments worldwide 

have liberalised their electricity markets in a bid to increase competition in the industry (ABS Energy Research, 

2008). These modifications in the electricity sector have resulted in the unconventional operation of some 

generating units, particularly base-load units. 

Electricity generating units can be classified as base-load, mid-merit or peaking units. Base-load units are those 

which operate continuously, typically for 6000+ hours per year, close to their maximum rated output, except 

when they are offline for maintenance. They provide the minimum demand at all times on the system.  When the 

demand exceeds the base-load, the mid-merit units come online. Typically mid-merit units come online in the 

morning as electricity demand begins to grow and go off-line at night when the demand drops off. Peaking units 

are turned on rarely in order to meet the peak load. They typically operate for only a few hours per year. 

Cycling may be defined as the operation at varying outputs, low outputs or on/off operation of electricity 

generating units. Cycling results in changing temperature and pressure levels, which cause impairment to the 

generator’s components through various damage mechanisms.  Although cycling impairs all units, mid-merit 

and peaking units are more suited to cycling as they were designed specifically for flexible operation. However 

when base-load units are required to cycle, a large amount of physical damage is afflicted to the boiler, pump, 

turbine, pipework and the various other components in the generating unit (Gostling, 2002).  

                                                      
1
 The synchronisation time is the time taken for the unit to come online. 
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Various factors have resulted in base-load plants across the world being cycled. The most imminent is the 

increasing penetration of variable generation, mainly wind power, on electricity systems. Due to the fact that 

electricity cannot be economically stored, it must be produced on demand. Thus when wind power becomes 

available the most expensive conventional units, namely the peaking and mid-merit units, are backed off or 

turned off accordingly, to maintain the supply-demand balance. However when excess wind power becomes 

available at times of low demand (as seen in Figure 1), it is the base-load units that must be backed off or turned 

off (assuming wind power is subject to priority dispatch). This problem is exacerbated in small islanded systems 

with little interconnection to neighbouring countries as excess wind power cannot be readily exported. This is 

particularly true of Ireland, where wind power (with a capacity factor of 33%) represents 15% of the installed 

capacity whilst only one 500MW interconnector to Scotland exists, though a second 500MW interconnector has 

been commissioned (Eirgrid, 2007). Base-load cycling is set to worsen in the coming years as Ireland pursues 

further integration of wind power in order to meet Kyoto and Irish Government emissions targets. Targets are 

currently in place to produce 15% of electricity from renewable sources by 2010 and 33% by 2020 and this will 

predominantly be met with wind power (Department of Communications, Marine and Natural Resources, 2007).  

 

Figure 1. Wind and Demand Profile (Deloitte, 2005)  

 

 Another driving factor for base-load cycling is the deregulation of electricity markets. Following the European 

Union (EU) directive 96/92 in 1996 and similar initiatives in North America about the same time, many 

countries and American states deregulated their electricity markets in an effort to increase competition in the 

electricity generation sector. Traditionally electricity systems were operated by vertically integrated monopolies 

whose main aim was to meet the demand as opposed to minimising cost (Narula et al., 2002). The impact of 

these new profit-orientated open markets on the individual electricity generating units, was to force them into 

more flexible operation in order to remain lucrative. In such a competitive marketplace a unit that can operate 

flexibly has more opportunities to yield higher revenues through various mechanisms such as hourly and 

seasonal market arbitrage, participation in ancillary energy markets and peak shaving (Balling & Hoffman, 

2007).   

This paper is a case study of the Irish electricity system, which examines the impact of increasing wind power 

and varying start-up costs on the operation of base-load units. Firstly the impact of increasing wind penetration 

on the operation of base-load units is modelled for the Irish electricity system in the year 2020. The operation of 

base-load units with 2000MW, 4000MW and 6000MW of wind power is examined. The start-ups, capacity 

factor and hours online across the different wind cases are shown for each base-load unit. The cost of the CO2 

emissions resulting from start-ups are also compared for each base-load unit in each of the wind cases . 
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Secondly the operation of base-load units is examined when their start-up costs are varied in the 2000MW and 

6000MW wind case. The varying start-up costs represent the inclusion of different cycling costs. Again the 

start-ups, capacity factor and hours online of the base-load units in the 2000MW and 6000MW wind case are 

compared.  

 

1.1  Impacts of Cycling 

Cycling of base-load units results in many of the components requiring premature repair or replacement due to 

various degeneration mechanisms such as fatigue, overheating, corrosion etc (Berte et al., 2003). Base-load 

units were intended for operation under creep conditions, that is operation under constant stress.  Thus when the 

operation of a base-load unit shifts to cycling, it then becomes subjected to fatigue conditions, which involve 

fluctuating stresses. Fatigue is the most prevalent damage mechanism a cycling unit experiences. It can manifest 

itself as the cracking of thick-walled components such as the boiler, super-heater header and the steam 

pipework. The start/stop operation and varying load levels result in thermal transients being set up in these 

thick-walled components putting them under stress and causing them to crack. Creep damage that is present in 

the unit from normal base-load operation will be exacerbated by fatigue damage and this synergistic creep-

fatigue interaction will see components tend more rapidly towards failure. The interruptions to operation caused 

by cycling will also result in higher amounts of oxygen and other ionic species to be present in the boiler leading 

to corrosion and fouling issues (Viswanathan & Gray, 2001). A multitude of other damage mechanisms are 

induced by cycling and can be shown to affect each individual component of the unit to some extent.  

Hence cycling operation incurs additional costs to the power plant operator in various forms including (i) 

increased operations and maintenance (O&M) costs as components require more frequent inspections and 

repairs, (ii) increased capital expenditure as components need more frequent replacing, (iii) income losses as the 

availability of the plant is reduced, (iv) increased fuel costs as the plant requires more fuel to start up more 

frequently and also the overall efficiency of the plant is reduced and  (v) environmental penalties as the plant’s 

emissions increase. These amount to very substantial costs. For example, the cost of replacing and installing a 

small steel super-heater header can range from US$250,000 – US$500,000 (Viswanathan & Gray, 2001). Or 

assuming a carbon price of €30/tonne, each additional start-up of a coal unit with a hot start-up fuel requirement 

of 4360GJ would cost more than €12,000 in carbon credits
2
.  

However either through lack of knowledge or attempts to bid strategically, plant operators, in reality, often do 

not take these cycling costs into consideration. Studies have shown that utilities often underestimate their 

cycling costs by factors of 3 to 30 (Lefton et al., 1998). Indeed plant operators often take their cycling costs to 

simply be their start-up fuel cost plus the cost of additional chemicals (Lefton et al., 1997). The impact of plant 

operators underestimating or neglecting to include the full cost of cycling in their operating costs is that the unit 

will be scheduled to start up and shut down too often (Hillestad, 2000). Thus the unit may yield higher revenues 

in the short term, but in the long term will face serious physical deterioration and may even end up permanently 

out of operation prior to its expected lifetime.  

That said, determining the real cost of cycling a generating unit is a difficult challenge as every component in 

the system is affected, to some degree, by cycling. The damage caused by cycling may not be immediately 

apparent and often it can be several years before it becomes evident. Studies by Aptech Engineering Inc. suggest 

that it can take from 1 to 7 years for an increase in the failure rate to become apparent after switching from base-

load to cycling (Lefton et al., 1998). In addition, normal base-load operation will also result in some amount of 

                                                      
2
 Assuming Coal contains 94.6 tonnes CO2/TJ (Howley et al., 2007) 

Cost of Carbon Credit per Hot Start = (4.36 TJ) x (94.6 tonnes CO2/TJ) X (€30/tonne CO2) = €12,373 

Cost of Carbon Credit per Cold Start = (14.62 TJ) x (94.6 tonnes CO2/TJ) X (€30/tonne CO2) = €41,491 
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damage to the unit’s components and extricating the damage due to cycling from that associated with normal 

operation is also problematic.   

Different approaches have been taken to quantify the cost of cycling a unit, which can largely be categorised as 

top-down statistical approaches or bottom-up engineering approaches. Bottom-up approaches, such as those 

used by Aptech, involve developing physical models which are fine-tuned with real plant data. These models 

demonstrate how the various damage mechanisms affect each component and the cost of cycling is estimated 

(Lefton et al., 1998). Depending on the type and size of the unit Aptech have estimated the cost of a start-stop 

cycle to be in the range of $2,500 - $500,000 (Lefton et al., 1998). However this is a laborious and expensive 

approach which produces unit-specific results. By contrast top-down approaches involve developing 

multivariate econometric regression models with data accrued from many generating units to estimate the cost 

of cycling, such as was undertaken in the Cycling Impacts Program carried out by the Electric Power Research 

Institute (EPRI) (Platt, 2002). This approach has proven problematic as plant operators often do not keep data in 

a consistent manner so compiling a set of data to be analysed can be difficult. Thus no general methodology 

exists at present for plant operators to determine their cycling costs. 

 

2.    METHODOLOGY 

2.1  Wilmar Planning Tool 

For the purpose of this paper all simulations were carried out using the Wilmar Planning Tool. Wilmar is a 

linear, mixed integer, stochastic unit commitment and dispatch model, which employs a scenario tree tool. The 

scenario tree contains data regarding wind speed, historical electricity demand, assumptions about wind and 

load forecast accuracies and information on outages and mean time to repair for power plants to generate 

stochastic scenario trees which are then inputted into the Scheduling Model. The scenario tree allows the 

uncertainties associated with wind power production, load and reserve to be taken into account. (The scenario 

tree contains 3 outputs: demand for positive reserve, wind power production forecasts and load forecasts.)  

 

Figure 2. Rolling Planning Feature of the Wilmar Planning Tool (Meibom et al., 2008) 
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The model minimises expected system operation costs for all possible scenarios. These costs include fuel costs, 

start-up costs and carbon costs. The unit commitment and dispatch decisions are then reoptimised as more 

precise wind power production and load forecast data become available. The model uses rolling planning with a 

3 hour time step – so every 3 hours new forecasts are applied (Meibom et al., 2008). Figure 2 shows two rolling 

planning periods with stochastic scenario trees. 

 

2.2  Test System 

Wilmar was developed at Risø National Laboratory, Denmark and adapted to the Irish system for the All Ireland 

Grid Study. It provides a model of the Irish electricity system in the year 2020. The All Island Grid Study aimed 

to evaluate the viability of varying penetrations of renewable technologies. Six different portfolios were 

developed to represent different renewable energy scenarios and different plant mixes. In this study portfolios 1, 

2 and 5 were used, representing 2000MW, 4000MW and 6000MW of installed wind capacity respectively. The 

total capacity by generation type is outlined in Table 1 for each portfolio and the fuel costs are shown in Table 

2. The fuel prices given for base-load gas and mid-merit gas are the averages over the year. Each portfolio 

includes 1000MW of interconnection with Great Britain. The minimum demand on the system is 3500MW, 

whilst the peak demand is 9600MW. The model was solved with a duality gap of 4% from the objective 

function.  

Table 1. Installed Capacity by Generation Type in MW 

Type of Unit Portfolio 1 Portfolio 2 Portfolio 5 

Coal 1257 1257 1257 

Midmerit Gas 1754 1579 1155 

Baseload Gas 4209 4115 4115 

Peat 346 346 346 

Gasoil 388 388 388 

Base Renewables 155 155 306 

Hydro 216 216 216 

Pumped Storage 292 292 292 

Tidal 72 72 200 

Wind Power 1999 4003 6000 

Total 10688 12423 14275 

 

Table 2. Fuel Prices by Fuel Type 

Fuel  Fuel Price (€/GJ) 

Coal – Republic of Ireland 1.75 

Coal – Northern Ireland 2.11 

Base-load Gas  5.91 

Mid Merit Gas  6.12 

Peat 3.71 

Gasoil – Republic of Ireland 9.64 

Gasoil – Northern Ireland 8.33 

Base Renewables
3
 0 

 

                                                      
3
 The fuel price for base renewables is €0/GJ. However the model includes an O&M cost of €2.78/GJ for base 

renewables. No O&M costs are included for the generation by the other fuel types. 
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It can be seen in Table 1, that each of the portfolios contains a large portion of base-load gas plant or Combined 

Cycle Gas Turbines (CCGTs). In the 1990’s, relatively low gas prices, quick return on investment, short build 

time and higher efficiency made the CCGT a popular unit for investment. In Ireland approximately 2,250MW of 

new conventional capacity (29% of current installed capacity) has been installed since 2000, the majority of this 

being CCGTs. This large proportion of CCGTs is also a contributing factor to the problem of base-load cycling. 

These CCGTs as well as the coal and peat units have large minimum outputs, which leads to cycling at times of 

low demand. This oversupply of base-load plant also means that as new, more efficient base-load units come 

online, older units are displaced down the merit order into mid-merit or peaking operation despite being 

originally designed for base-load operation.  

Two distinct questions are examined in this paper. Firstly, the impact of increasing levels of wind power on the 

operation of base-load generators in Ireland was investigated. To analyse the impact that increasing levels of 

wind power has on the operation of base-load units, the Wilmar planning tool was run stochastically for one 

whole year for a low, medium and high level of wind power, represented by 2000MW, 4000MW and 6000MW 

respectively. The number of start-ups, capacity factor and hours online of the base-load units in the 2000MW, 

4000MW and 6000MW wind case are compared. The CO2 costs resulting from start-ups are shown for each 

wind case. 

 Secondly, the operation of base-load generators was simulated for one whole year for varying start-up costs. 

The hypothesis of this aspect of the study was that if cycling costs were included in the start-up cost of a unit, 

the scheduling model would no longer schedule the unit to cycle. This idea is illustrated in Figure 3. Given the 

wide range of cycling costs documented in the literature, it was decided that the start-up costs would be varied 

in order to represent the inclusion of different cycling costs. The start-up costs of the units were varied by 

altering their start-up fuel consumption by a factor of 1 to 4. For this investigation the model was run in 

deterministic mode to reduce simulation time as a greater number of simulations were required. When the model 

is run deterministically, wind power is treated as perfectly predictable. The consequence of running the model 

deterministically is that all units will be started more than when the model is run stochastically (Tuohy et al., 

2008). When uncertainty is included in the model, units are kept online more and thus start up less, in case they 

might be needed at a later stage. 

 

 

 

Figure 3. Impact of Including Cycling Costs in Start-up Costs 
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3.    RESULTS
4
 

3.1  Impact Of Increasing Wind Penetration  

In order to examine the effects of increasing wind penetration on the operation of base-load units the model was 

run stochastically for the year 2020 with approximately 2000MW, 4000MW and 6000MW of wind power. It 

must be pointed out however that the fleet of units varies between the portfolios as outlined in Table 1.  As more 

of the demand is met by the increasing level of wind power, it displaces the need for base-load and mid-merit 

generation. The characteristics of the base-load units that exist in each of the portfolios are shown in Table 3. 

(Four other CCGT units existed in some of the portfolios but not in others so they were omitted from this study.) 

Table 3. Characteristics of Base-load Units in Wilmar Planning Tool 

Unit 

 

Capacity 

(MW) 

Synchronisation 

Time Hot (Hours) 

Start-up 

Cost (€) 

 

Full Load Cost 

(€/hour) 

 

Efficiency (%) 

CCGT 1 400 1 15,366 15,952 54 

CCGT 2 400 2 15,366 14,722 57 

CCGT 3 400 2 15,366 14,887 57 

CCGT 4 400 2 6,759 15,324 56 

CCGT 5 340 2 1,477 13,473 54 

Medium Coal 1 200 1 2,053 4,109 37 

Medium Coal 2 200 1 2,053 4,109 37 

Large Coal 1 285 5 7,630 4,900 37 

Large Coal 2 285 5 7,630 4,900 37 

Large Coal 3 285 5 7,630 4,900 37 

 

Simulations carried out by the Wilmar Planning Tool showed that as the amount of wind power on the system 

increased, cycling of base-load units became more recurrent. As more wind power was added, the incidences of 

high wind power coinciding with low demand also increased, thus displacing the need for base-load units to be 

running at such times, resulting in them being shut down and started up more frequently, as shown in Figure 4.  

 

 Figure 4. Number of Base-load Start-ups for Increasing Wind Power 

                                                      
4
 This study focuses on base-load units, thus in the following section, descriptions of units are relative to the 

other base-load units e.g. a unit described as ―flexible‖ is only deemed flexible relative to the other base-load 

units but in a broader sense base-load units are not considered flexible at all. 
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The increased start-ups will lead to these base-load units amassing large cycling costs in their future. In the 

2000MW wind case the base-load units that are cheapest to start up (CCGT 4 & 5, medium coal units) are those 

which are cycled most frequently. The units with more expensive start-up costs still operate in a traditional base-

load manner. However looking at the 6000MW wind case only the large coal units have managed to remain 

somewhat base-loaded with less than 20 starts in the year, despite the fact they are not the most expensive units 

to start up. This is because these units have the longest synchronisation time from hot start (5 hours) so the 

model is reluctant to shut them down. Instead the model favours shutting down units that have the ability to 

come back online quickly. Thus as more wind power is present on a system the flexibility of a unit is of greater 

importance than its start-up cost when the scheduling model is determining which units to start up and shut 

down. Indeed the units that experience the greatest increase in start-ups, as a percentage of their starts in the 

2000MW wind case, are the flexible units, despite being more expensive to start than the large coal units.  

Within this group of flexible units, the units with the highest efficiencies have a greater increase in start-ups, as 

a percentage of their starts in the 2000MW wind case, compared to those units of lower efficiency. However 

going from the 2000MW to the 6000MW wind case, CCGT 5’s start-ups only increase by a factor of 1.4, 

comparable with the slight increase experienced by the large coal units, despite CCGT 5 being the cheapest 

base-load unit to start and having high efficiency and fast synchronisation time. The reason for this is CCGT 5 is 

already starting 212 times per year in the 2000MW wind case, which is an untypically large amount for a base-

load unit.  Thus, as much of its time is spent in the process of starting up and shutting down it is not as likely as 

the other units to be in a position to balance the intermittent wind power at the times it is needed. The cumulated 

carbon costs incurred by all the start-ups over the year are shown for each unit, in each of the wind cases in 

Figure 5. A carbon price of €30/tonne is assumed. Coal is assumed to emit 94.6 tonnes CO2/TJ and gas 56.8 

tonnes CO2/TJ (Howley et al., 2007). To put these costs in perspective, Figure 6 shows them as a percentage of 

the carbon cost for running each unit at its maximum output for 24 hours, representing a typical base-load day. 

 

 

Figure 5. Cumulated Carbon Cost of Start-ups (€) 
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Figure 6. Cumulated Carbon Cost of Start-ups as % of Carbon Cost for 24 hours at max output 

The capacity factor of each of the base-load units is seen to decrease as wind penetration increases, as shown in 

Figure 7. If units are starting up and shutting down more frequently, in order to balance the increasing 

penetration of wind power, they are spending less time online, thus resulting in the reduction in capacity factor. 

Reiterating the results in Figure 4, the capacity factors of the large coal units are the least affected of all the 

base-load units with a reduction of less than 0.1. Interestingly, the units that had the greatest increase in start-

ups, as a percentage of their starts in the 2000MW wind case (CCGT 2 & 3), showed the next smallest reduction 

in capacity factor after the large coal units. Although they were shut down frequently, they were brought back 

online again quickly because they have the highest efficiency of all the base-load units. The more flexible base-

load units, saw the greatest decreases in capacity factor, as when they were shut down they were kept offline for 

longer periods. This is due to the fact that when the model optimises over all the scenario trees, it must ensure 

that each of those scenarios is achievable. Thus if the inflexible base-load units are included in any of the 

scenarios they must be committed to ensure they will be available in time, even though when the model re-

optimises in the next period those units may not be needed.  On the other hand the flexible base-load units can 

be brought online much quicker so they don’t benefit from this mechanism in the same way as the inflexible 

units. 

 

Figure 7. Capacity Factor of Base-load Units 
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Figure 8. Hours Online for Base-load Units 

Finally examination of the base-load units hours online shows the impact of increasing wind penetration clearly. 

The inflexible coal units with their long synchronisation time become the most base-loaded units on the system 

in the 6000MW wind case as seen in Figure 8. In fact Large Coal 1 is the only base-load unit to see an increase 

in its hours online. Several of the units (CCGT 1, 4 & 5) have descended the merit order to mid-merit operation 

as a result of the increasing wind power.  

In summary, increasing wind power on the system resulted in cycling of the base-load units as observed through 

the increased number of start-ups, decreased capacity factor and decreased hours online for these units. The 

units that were cycled the most were the flexible units of high efficiency. It was apparent the start-up cost was a 

less important factor when determining which units to start up and shut down. 

 

3.2  Effect of Varying Start-up Costs 

The individual start-up costs of the base-load units were varied by a factor of 1 to 4 in the 2000MW and 

6000MW wind case to represent different cycling costs. The impact of varying the start-up costs of the base-

load units was that they were scheduled to start up less as their start-up costs increased. This is shown in Figure 

9 for the 2000MW wind case and Figure 10 for the 6000MW case. Therefore if cycling costs were included in 

the start-up cost, the model would schedule the units to start-up less, thus allowing them operate in a more base-

load manner as they were intended. However, comparing Figure 8 and 9 it is apparent that when there is a large 

amount of wind power on the system, even base-load units with very high start-up costs (x4 case), are still 

required to start up frequently in order to balance the intermittent wind power. Thus including the cycling costs 

in the start-up cost is less effective at keeping a unit in conventional base-load operation when there is a high 

penetration of wind power on the system. 

The units in the 6000MW wind case see a much greater percentage decrease in their start-ups, going from the 

original start-up cost to start-up cost x4, compared to the 2000MW wind case. This is simply because many of 

the base-load units (Large Coal units & CCGT 2) in the 2000MW wind case are at, or close to, their minimum 

number of start-ups for the year already and increasing start-up costs cannot reduce this number further. These 

minimum start-ups result from outages the unit must take to carry out maintenance during the year and cannot 

be avoided by increasing start-up costs.  
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Figure 9. Number of Start-ups of Base-load Units in the 2000MW Wind Case for varying start-up costs 

 

One of the main conclusions from the previous section was that when a significant wind penetration is present 

on a system, the flexible base-load units will be cycled the most, regardless of whether they are the cheapest to 

start-up or not. However in this section it is seen that when start-up costs are increased significantly, they 

become a more important factor than flexibility in determining which units to cycle. Thus it is seen in the 

2000MW wind case that of the units that experienced a substantial reduction in start-ups, the units which are 

most expensive to start saw the greatest percentage decrease in start-ups. The 6000MW wind case shows the 

same trend with the expensive base-load gas units seeing the greatest percentage decrease in start-ups as their 

start-up costs increase and the cheaper coal units being less affected. 

 

 

Figure 10. Number of Start-ups of Base-load Units in the 6000MW Wind Case for varying start-up costs 
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As the start-up costs increase, the units are scheduled to start-up and shut-down less often so their capacity 

factors will increase in general. An overall increase in the capacity factor of the base-load units is seen as their 

start-up costs increase in both of the wind cases. Again the most significant changes are seen in the 6000MW 

wind case. The 6000MW case shown in Figure 12 demonstrates that the most expensive units to start-up have 

the greatest increase in capacity factor because they are shut down less often and left online longer. However the 

2000MW case, shown in Figure 11, demonstrates that the cheapest units had the greatest increase in capacity 

factor, however this is because the expensive units were already as base-loaded, or close to it, as possible. 

Comparing Figure 11 and 12 it is clear that the capacity factors of the base-load units are lower in the 6000MW 

wind case as more of the base load is met by the greater portion of wind power. 

 

Figure 11. Capacity Factor of Base-load Units for varying Start-up Costs in the 2000MW Wind Case 

 

 

Figure 12. Capacity Factor of Base-load Units for varying Start-up Costs in the 6000MW Wind Case 
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The hours online spent by the base-load units as start-up costs increased in the 2000MW and 6000MW wind 

cases reflects the trend in capacity factor and an overall increase is observed in both wind cases, as seen in 

Figures 13 and 14. Looking at the 6000MW wind case, the most expensive units to start-up have the greatest 

increase in their hours online as the model will keep them online longer rather than incur the high cost of 

shutting them down and restarting them later. Again the increases in hours online are somewhat distorted in the 

2000MW wind case as the most expensive units are already at, or close to, their maximum output so the 

increasing start-up cost does not serve to further increase their output. 

 

 

Figure 13. Hours Online of Base-load Units for varying Start-up Costs in the 2000MW Wind Case 

 

 

Figure 14. Hours Online of Base-load Units for varying Start-up Costs in the 6000MW Wind Case 
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To summarise this section, the effect of increasing the start-up costs of base-load units is that they will be cycled 

less as observed through their reduced start-ups. At the same time these units increase their capacity factor and 

hours online.  Thus the generators components avoid cycling damage. This is a favourable result for a plant 

operator as cycling costs are avoided and income is increased. The changes in start-ups, capacity factor and 

hours online were more prominent in the 6000MW wind case as many of the units in the 2000MW wind case 

were already at their maximum output at the original start-up cost. 

 

4.    CONCLUSIONS 

It is shown in this paper that increasing levels of wind power will increase cycling of base-load generators. 

However the results show that at significant penetrations of wind power, the most flexible base-load units will 

experience the greatest increase in cycling as opposed to those with the cheapest start-up costs. When base-load 

units are cycled, serious damage is inflicted on the plant’s components resulting in long term revenue losses. By 

including these cycling costs in the plant’s start-up costs (or by just increasing the start-up cost), the plant will 

not be scheduled to cycle as often and can avoid these losses, thereby increasing the life expectancy of the plant 

and its long term revenue. However this is a more effective strategy at keeping a unit in base-load operation 

when there is less wind power on the system. 

 

5.   REFERENCES 

ABS Energy Research (2008) Electricity Deregulation Report Global 2008. London: ABS Energy Research . 

Balling, L., & Hoffman, D. (2007) 'Fast Cycling Towards Bigger Profits', Modern Power Systems [online], June,  

available:  http://www.modernpowersystems.com/story.asp?sectionCode=88&storyCode=2045736 

Berte, F. J., Moelling, D. S., & Udy, C. A. (2003) 'Assessing the true cost of cycling operation is a challenging 

assignment', Combined Cycle Journal, Fourth Quarter 2003, 23-25. 

Deloitte (2005) Review of the Electricity Sector in Ireland. Dublin: Deloitte & Touche LLP. 

Department of Communications, Marine and Natural Resources (2007) Delivering a Sustainable Energy Future 

for Ireland. Dublin: Department of Communications, Marine and Natural Resources. 

Eirgrid (2007) Generation Adequacy Report 2008 - 2014. Dublin: Eirgrid. 

Gostling, J. (2002) Two Shifting of Power Plant: Damage to Power Plant Due to Cycling - A Brief Overview. 

Surrey: European Technology Development Ltd. 

Hillestad, R. (2000) 'Competitive Jolt', Rand Review, 24(2), 20-23. 

Howley, M., O'Leary, F., & O'Gallachoir, B. (2007) Energy in Ireland 1990 - 2006. Dublin: Sustainable Energy 

Ireland. 

International Energy Agency (2008) Worldwide Trends in Energy Use and Efficiency. Paris: International 

Energy Agency. 

Lefton, S. A., Besuner, P. M., Grimsrud, G. P., Bissel, A., & Norman, G. L. (1998) Optimizing Power Plant 

Cycling Operations while Reducing Generating Plant Damage and Costs at the Irish Electricity Supply Board. 

California: Aptech Engineering Service, Inc. 

Lefton, S., Grimsrud, P., & Besuner, P. (1997) 'Cycling Fossil-Fired Units Proves Costly Business', Electric 

Light & Power, 75(7), 19. 



Page 15 of 15 
 

Meibom, P., Barth, R., Brand, H., Hasche, B., Swider, D., Ravn, H. (2008). All Ireland Grid Study - Workstream 

2B. Dublin: Dept. Enterprise, Trade and Employment & Dept. Communications, Energy and Natural Resources. 

Narula, R., Massy, M., & Singh, J. (2002). Design Considerations for Combined Cycle Plants for the 

Deregulated Market—An EPC Contractor's Perspective. Proceedings of the IGTI ASME Turbo Expo. 

Amsterdam, 3-6 June, 2002. 

Platt, J. (2002) Determining the Cost of Cycling and Varied Load Operation: Methodology. California: Electric 

Power Research Institute (EPRI), Inc. 

Sustainable Energy Ireland (2007) Energy Efficiency in Ireland. Dublin: SEI. 

Tuohy, A., Meibom, P., Denny, E., & O'Malley, M. (2008) 'Benefits of Stochastic Scheduling for Power 

Systems with Significant Installed Wind Power' in Irizarry-Rivera, A. Velásco J. M., chairs., Proceedings of the 

Tenth International Conference on Probabilistic Methods Applied to Power Systems, Puerto Rico, 25-29 May 

2008  

Viswanathan, V., & Gray, D. (2001) Damage to Power Plants Due to Cycling. California: EPRI. 


