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Generator Cycling 发电机组周期运行	� 	�	�

	  Cycling	  is	  the	  operation	  of	  
electricity	  generating	  units	  
at	  varying	  load	  levels,	  low	  
load	  levels	  or	  in	  a	  start/stop	  
manner.	  

	  	  	   周期运行是发电机组在负
荷波动、低负荷或启停模
式下的一种运行方式。	  
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What	  is	  Cycling?什么是周期运行？	�
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Wind	  and	  	  Cycling	  风电与周期运行	�
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Wind	  Variability风电的波动性	�
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Effects of Cycling 周期运行的影响 	� 	�	�
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Costs	  Associated	  with	  Cycling 相关费用	�

O&M	  Costs	  运行维护费用	�
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Capital	  Expenditure	  固定资产折旧	�

Income	  Losses	  收入损失	�

Fuel	  Costs	  燃料费用	�

Environmental	  Costs	  环境成本	�



Difficulties	  Determining	  Cycling	  Costs
确定费用的一些难点	�

¨  Impairment	  can	  take	  several	  years	  to	  manifest	  itself.	  
损失要几年后才会体现	�
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¨  Every	  component	  is	  affected.	  
每个元件都受影响	�

¨  Normal	  base-‐load	  results	  in	  damage	  to	  
components.	  
正常基荷状态下的元件损害	�



Magnitude	  of	  Cycling	  Costs	  费用水平	�

¨  “It	  is	  estimated	  that	  cycling	  costs	  can	  range	  from	  
$300	  to	  $500,000	  per	  single	  on-‐off	  cycle,	  depending	  
on	  the	  type	  of	  unit.”	  
不同类型的机组周期运行费用大不相同，每次启停
的费用从300美元到50万美元不等。	�

	  Lefton,	  S.,	  Besuner,	  P.,	  2001.	  Power	  plant	  cycling	  operations	  and	  unbundling	  their	  
effect	  on	  plant	  heat	  rate(电厂周期运行和解除其对电站热耗率的影响).	  APTECH	  
Technical	  Paper	  TP134,	  	  Available:	  http://www.aptecheng.com	  	  
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Detailed	  study	  results	  研究成果	�
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University	  College	  Dublin,	  Ireland,	  2011.	  

¨  Troy,	  N.,	  Denny,	  E.	  and	  O’Malley,	  M.J.	  “Base	  
load	  cycling	  on	  a	  system	  with	  significant	  wind	  
penetration”,	  IEEE	  Transactions	  on	  Power	  
Systems,	  Vol.	  25,	  pp.	  1088	  -‐	  1097,	  2010.	  

¨  Troy,	  N.,	  Flynn,	  D.	  and	  O’Malley,	  M.J.,	  “Multi-‐
mode	  Operation	  of	  Combined-‐Cycle	  Gas	  
Turbines	  with	  Increasing	  Wind	  Penetration”,	  	  
IEEE	  Transactions	  on	  Power	  Systems,	  in	  press,	  
2011.	  
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cotss",	  	  IEEE	  Transactions	  on	  Power	  Systems,	  in	  
review,2011.	  	  
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Impact	  of	  increasing	  wind	  energy	  penetrations	  on	  base-‐
load	  start-‐ups风电接入比例提高对基荷启动的影响	�
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Impact	  of	  increasing	  wind	  energy	  penetrations	  on	  base-‐load	  
start-‐ups	  and	  capacity	  factors风电接入比例提高对基荷启动和
容量系数的影响	  
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Impact	  of	  increasing	  wind	  energy	  penetrations	  on	  base-‐load	  
utilization	  factor风电接入比例提高对基荷机组利用率的影响	  
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Impact	  of	  increasing	  wind	  energy	  penetrations	  on	  base-‐load	  
utilization	  factor	  and	  ramping风电接入比例提高对基荷机组利用率
和爬坡的影响	  
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Multi-‐mode	  Operation	  of	  Combined-‐Cycle	  Gas	  Turbines	  
联合循环燃气机组的多模式运行	�
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Utilization	  of	  Multi-‐mode	  Function	  with	  Increasing	  Wind	  
Penetration风电接入比例提高对多模式利用率的影响	  
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Production	  from	  Peaking	  Units	  with	  Increasing	  Wind	  
Penetration提高风电接入比例对调峰机组发电量的影响	�
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Comparisons	  of	  different	  sources	  of	  flexibility	  
比较多种灵活资源	�
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Dynamic	  Start-‐up	  Costs	  :	  Linear	  
动态启动成本：线性	�
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Dynamic	  Start-‐up	  Costs	  :	  Piece-‐wise	  Linear	  
动态启动成本：分段线性	  
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Dynamic	  Start-‐up	  Costs	  :	  Step	  
动态启动成本：梯级递增	�
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Impact	  of	  Dynamic	  Cycling	  Costs	  
动态周期运行成本的影响	�
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A	  large	  amount	  of	  cycling	  will	  just	  be	  unavoidable	  	  
no	  matter	  how	  high	  costs	  get	  
不管成本多高，大量周期运行是难以回避的	�
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If you don‘t model the costs – the answer is not optimal���
如果不用模型进行成本计算，就不能得出优化方案	
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Cycling	  costs	  (that	  would	  have	  been	  incurred)	  shown	  for	  
various	  scenarios不同情景下的周期运行成本	�



Model	  the	  cycling	  costs!	  
运用模型计算周期运行成本	�
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Total	  system	  costs	  shown	  for	  various	  scenarios	  
不同情景下的系统总成本	�
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