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General Description of  Models Used in U.S. Related to 
Electric Power美国电力系统模型工具概述 

n  Capacity Expansion Planning 
Models 扩容规划模型 

n  Long term capacity expansion for 
generation and, sometimes, limited 
representation of  transmission 

n  长期发电容量增长，有时也涉及输电方面
考虑 

n  Simplified dispatch and operations 
algorithms, though still sometimes 
8760 hours 

n  简化调度运行算法，虽然有时仍用8760小
时 

n  Used for broad picture high-
penetration renewable energy studies, 
and utility resource planning 

n  用于高比例可再生能源研究和电力资源规
划 

n  not used for detailed, operational RE 
integration studies 

n  不能用于详细的、运行层面的可再生能源
并网研究 

n  Examples例如:  ReEDs, Switch, 
Strategist,  CREAM-EDO 
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General Description of  Models Used in U.S. Related to 
Electric Power美国电力系统模型工具概述 

n   Production Cost Simulation 
Models生产成本模拟模型 

n  Used for optimization of  dispatch 
and operations 

n  用于调度与运行优化研究 

n  Used for detailed, operational RE 
integration  

n  用于详细的、运行层面的可再生能源并
网研究 

n  detailed representation of  plants, 
flexibility, etc. with hourly or even 
sub-hourly representation 

n  对电厂、灵活性等有详细展现：小时级
甚至次小时级 

n  Not used for capacity expansion 
n  不能用于扩容研究 

n  Examples例如:  GE MAPS, Plexos, 
GridView, Promod 
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General Description of  Models Used in U.S. Related to 
Electric Power, cont.美国电力系统模型工具概述 

n  Load Flow Models潮流模型 
n  Ensuring reliability of  transmission 

system to meet N-1 conditions 
n  确保输电系统的可靠性满足N-1 条件 
n  Snapshot of  time, like hour of  peak 

demand or minimum net load 
n  时间快照，如峰荷小时或最低净负荷 
n  Example例如:  GE PSLF 

 
Development of multiple models driven, at least in 
part, by desire to limit computational time and 
cost.  With advances in computing power, expect 
to see these models used together, such as 
capacity expansion models and production cost 
models. 
开发众多模型的初衷是减少运算时间和成本。随运
算能力的提高，可预见扩容和生产模拟这些模型的
配合运用。 
 
详见以下NREL报告 
See NREL report at 
http://www.nrel.gov/docs/fy14osti/
61185.pdf for more information. 
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Elements of  a Variable Generation Integration Study 
波动性电源并网研究要素 
 

•  Mesoscale models for projected wind and solar generation and        
 forecasts 
•  中尺度模型用于研究风电太阳能发电和预测 
•  Statistical analysis统计分析 
•  Load flow modeling for transmission潮流模型用于输电研究 
•  Production cost modeling生产成本模型 
•  Determination of  capacity value确定容量价值 
•  Emissions, wear and tear, and cost impacts of  increased cycling of   fossil fuel 
plants 
•  排放、劳损、因增加火电机组循环带来的成本影响 
•  Dynamic transient studies 暂态研究 
•  Frequency and stability analysis调频与稳定性分析 
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http://www.ieawind.org/index_page_postings/
100313/RP%2016%20Wind%20Integration
%20Studies_Approved%20091213.pdf  
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Where Does the Data for a Variable Generation Integration Study in the 
U.S. Come From?美国波动性电源并网研究的数据来源 
 

•  Government sources 政府来源(EIA, FERC, EPA) 
•  Non-disclosure agreements 勿泄露协议 
•  Transmission planning process open to the public.  Scenarios and assumptions are 
debated and agreed to.  Stakeholders can request transmission providers to perform 
specific transmission studies during “study windows” 输电规划制定过程公开。情景、假设
过程要经过辩论并达成共识。利益相关方可以要求输电方在规划过程中开展专项输电研究。 
•  Wind and solar resource databases are posted on the NREL web site风能和太阳能资
源数据发布在NREL网站上。 
•  Data availability and study transparency ensures robustness of VG integration studies and 
increases the chance of industry and public acceptance of study results数据的充分获取和过程
的透明公开确保了波动性电源并网研究的说服力也提高了行业和公众接受研究成果的可能性。 

 
 

 



n  Qualities of  high quality wind and solar data sets 

     高质量的风能和太阳能数据 
n  High spatial resolution 高空间分辨率 (e.g., 2 km) 
n  High time resolution高时间分辨率 (e.g, 5 minutes) 
n  Validation against data from met towers, actual wind plants or 

clusters of  regional aggregation of  wind plants数据核验：测风塔
数据与风电场或风电区（一片区域的几个风电场集合）实际数据 

n  Forecasts at multiple time levels (1, 4, 6 and 24 hour 
resolutions)多时间尺度的预测 

n  Forecasts trained with actual VG production data and calibrated 
with real forecast errors比对、校准：预测结果与实际发电数据及实
际预测误差 

n  High resolution VG data sets will better represent geographic diversity of  VG 
and a more precise representation of  variability and uncertainty高分辨率数据
能更好地反应波动性电源的地理分布也更准确地反应其波动性和不确定性 

n  Costs can range from $10K for a 15 km dataset to $1 million for a 2 km 
dataset covering three years.数据价格高低不等，三年数据的价格可能是1万
美元/15平方公里，也可能是1百万美元/2平方公里 

Mesoscale Modeling中尺度模型 
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Memo and presentation on the availability, quality and cost of wind resource 
data, prepared by Justin Sharp of Sharply Focused LLC, is available from the 
Energy Foundation of China and explains these issues in more detail能源基金
会曾给国内提供过由美国专家Justin Sharp先生整理的一份材料，描述了美国
风资源数据的获取、质量和价格 



Evolution of  Integration Studies  

n  Can We Do This?我们能做到吗？ 
n  Utility-by-utility focus各有侧重 
n  Development of  mesoscale model 

data中尺度模型数据体系 
n  Higher penetration of  wind and, 

increasingly, solar高比例风电和太
阳能 

n  Regional studies (e.g., Western 
Wind and Solar Integration Study, 
Eastern Wind Integration and 
Transmission Study)区域并网研究
（如，西部风电和太阳能并网研究和
东部风电并网与传输研究） 
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A Few Recent Trends in Variable Generation Integration 
Studies in the U.S.美国波动性电源并网研究的发展趋势 

n  Higher penetration levels更高的接入比例 
n  40% wind in Minnesota study 
n  明尼苏达州40%比例风电的研究 

n  Effects of  cycling运行影响 
n  Phase 3 of  the Western Wind and Solar 

Integration Study found that 33% 
renewables increases cycling costs between 
$35 million and $157 million in the West, as 
compared to $7 billion in fuel cost savings 
from higher levels of  VG 

n  西部风电和太阳能并网研究发现，虽然接入33%
的可再生能源在西部会使机组循环的成本上升
3500万美元到1亿5700万美元；然而，可再生
能源发电带来的燃料成本节约却高达70亿美元 

n  Five scenarios, all 33% VG but varying levels 
of  wind and solar 

n  5种情景都达到了33%的可再生能源接入比例，
只是风电和太阳能的比例有所不通 

n  Production cost modeling the primary tool—
generation commitment and dispatch, 
emissions, costs and transmission path 
flows were the outputs 

n  生产成本模型为主要工具—可得出机组组合和调
度、排放、成本、输电通道等产出 
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A Few Recent Trends in Variable Generation Integration Studies 
in the U.S., cont.美国波动性电源并网研究的发展趋势 

n  Frequency Response and Transient Stability频
率响应和暂态稳定 

n  Concern is displacement of  conventional 
generation by VG will result in deterioration of  
frequency response and transient stability重点
关注可再生能源替代传统能源会对频率响应和暂态
稳定有影响 

n  GE/NREL study basically found that frequency 
response and transient stability can be 
maintained with high levels of  VG with 
transmission upgrades, and further improved 
with synchronous condenser conversions and 
frequency response controls on VG 

n  GE/NREL的研究认为基本可以通过输电线路升级
和对波动性电源加强同步调相机转换和频率响应控
制来解决接入高比例可再生能源带来的频率响应和
暂态稳定影响 

n  Measured effect on grid with different levels of  
VG and the loss of  two nuclear plants (2,750 
MW); the loss of  three nuclear plants; the loss 
of  all solar DG; and a three-phase fault at a 
500 kV transmission line 

n  评估接入不同比例可再生能源和减少两台核电机组
（2750兆瓦）对电网的影响；减少三台核电机组；
减少所有分布式太阳能；一条500千伏输电线路发
生三相短路故障 



APPENDIX 
附录 



n  Base system plus projected transmission additions 
n  基础系统加上预期的输电增量 
n  Performance of  transmission grid in steady state (peak 

load), N-1 conditions, and contingency conditions 
n  在稳定状态下（负荷峰值）输电线路的性能，N-1情况下，应急情
况下 

n  Measure whether transmission is overloaded at particular 
locations and at what times 

n  衡量在特定的地点和时段线路是否过载 
n  Add transmission lines, transmission upgrades, and 

transformers additions or replacements  
n  增加线路，输电线路升级，增加或更换变压器 

Load Flow Analysis潮流分析 
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n  More recent integration studies simulate both Day-Ahead Security Constrained Unit 
Commitment and Real-Time Constrained Economic Dispatch最近的并网研究在模拟日前安全约
束机组组合和实时约束经济调度 

n  “Interleaved” modeling, with one simulation feeding into another“交错”建模与交互仿真 
n  Captures forecast uncertainties between day-ahead and real-time捕捉预测不确定性的规律：日前
预测与实时之间 

n  Include current generating units, known and  projected capacity additions and retirements, 
additional renewables needed for meeting scenario or government-required targets综合考虑
满足一定情景或者达到政府规定目标要涉及的各种因素，包括现有发电机组，预计增加和淘汰（退
役）的容量，新增可再生能源需求等 

n  Load from actual year (e.g., 2006), then scaled by projected load growth to future year (e.g., 
2020).基于当年负荷（如2006年）放大计算出未来（如2020年）负荷增长 

n  Model outputs by scenario:  annual energy production by type of  generation, renewable 
energy curtailment, risk of  reserve violations and unserved load hourly dispatch, emissions, 
fuel consumption, production costs.依情景模拟产出：不同类型电源的年度发电量、可再生能源
限制出力、备用不足风险、小时级调度无法满足负荷的风险、排放、燃料消耗、生产成本等 

n  VG curtailment可再生能源限制出力 
n  Available VG capacity exceeds transmission capacity, reflecting N-1 or transmission outage 
n  可再生能源的发电量超出传输能力，可能造成N-1或传输中断 
n  Aggregate VG is more than what can be accommodated, even if  other generation at minimum 

and exports are maximized 
n  可再生能源总发电量超出消纳能力，即便充分压低其他电源和最大外送 

n  Hourly results will identify “periods of  interest” for more intensive study on a sub-hourly 
basis 

n  小时级结果可以为开展小时内程度的更细研究找出研究的兴趣时段（重点时段） 

 

Production Cost Models生产成本模型 
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n  More cycling of  fossil-fueled generation can contribute to thermal and 
pressure stresses, resulting in component failures, higher O&M costs and, 
perhaps, higher emissions of  CO2, NOx, and SO2 

n  增加传统机组的循环启停会增加热应力和压应力，引起组件故障、提高运行成本、还
可能导致CO2，NOx，SO2排放的增加 

n  More VG affects the operations of  other generating plants and induces more 
starts and stops, ramping and cycling 

n  波动性电源的增加对其他机组的运行有影响，增加启停、爬坡和循环需求 
n  Study found that 33% renewables increases cycling costs between $35 million 

and $157 million in the West, as compared to $7 billion in fuel cost savings 
from higher levels of  VG 

n  研究发现，虽然接入33%的可再生能源在西部会使机组循环的成本上升3500万美元
到1亿5700万美元；然而，可再生能源发电带来的燃料成本节约却高达70亿美元 

n  Seven categories of  coal and gas plants were created from proprietary data 
set of  cycling costs 

n  建立了七类煤电和气电的循环成本专项数据库 
n  U.S. Environmental Protection Agency (EPA) maintains unit-specific emissions 

data for large generating units.   
n  美国环保部还保留了各类大型机组的排放数据 

Western Wind and Solar Integration Study, Phase II 
(GE/NREL)西部风能与太阳能发电并网研究二期 
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n  Production cost modeling the primary tool—generation commitment and 
dispatch, emissions, costs and transmission path flows were the outputs 

n  生产成本模型为主要工具—可得出机组组合和调度、排放、成本、输电通道等产出 
n  Five scenarios 五种情景 

n  No renewables没有可再生 
n  Base renewables for 2020:  9.4% wind, 3.6% solar 
n  2020可再生基础情景：9.4% 的风电和 3.6% 的太阳能 
n  High wind:  25% wind, 8% solar 
n  高风电情景：25%风电，8%太阳能 
n  High solar:  25% solar, 8% wind 
n  高太阳能情景：25%太阳能，8%风电 
n  High mix:  16.5% wind, 16.5% solar 
n  混合高比例：16.5%太阳能，16.5%风电 

n  Dispatch:  day-ahead with day-ahead wind and solar forecasts, with all coal 
and nuclear committed day-ahead; 4-hour ahead for committing combined 
cycle and gas steam units, with 4-hour ahead wind and solar forecasts; and 5-
minute dispatch 

n  调度：风电和太阳能的日前预测，与日前排好的全部煤电和核电；“4小时前”用于
安排联合循环燃气机组，与4小时前风电和太阳能预测；5分钟级调度 

Western Wind and Solar Integration Study Phase 
II, cont. 西部风能与太阳能发电并网研究二期 
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n  Concern is displacement of  conventional generation by VG will result in 
deterioration of  frequency response and transient stability 

n  怀疑可再生能源替代传统能源会对频率响应和暂态稳定有影响 
n  GE/NREL study basically found that frequency response and transient 

stability can be maintained with high levels of  VG with transmission 
upgrades, and further improved with synchronous condenser conversions 
and frequency response controls on VG 

n  GE/NREL的研究认为基本可以通过输电线路升级和对波动性电源加强同步调相机
转换和频率响应控制来解决接入高比例可再生能源带来的频率响应和暂态稳定影
响 

n  Data and Assumptions:数据和假设 
n  Wind and solar capacity and production data by location 
n  不同地点的风电和太阳能容量与发电量数据 
n  Light load scenarios with base and high renewables, and summer 

peak demand scenarios with base and high renewables  
n  低负荷情景与基础和高比例可再生能源，夏季负荷需求情景与基础和高比例
可再生能源 

n  Power flow and transient stability simulation tool (GE’s PSLF) 
n  潮流和暂态稳定模拟工具(GE的 PSLF) 
n  Transmission planning database from the Western Electricity Coordinating 

Council (WECC) 
n  西部电力协调委员会（WECC）的输电规划数据库 

Western Wind and Solar Integration Study, Phase 
III (GE/NREL) 西部风能与太阳能发电并网研究三期 
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n  Measured effect on grid with different levels of  VG and the 
loss of  two nuclear plants (2,750 MW); the loss of  three 
nuclear plants; the loss of  all solar DG; and a three-phase 
fault at a 500 kV transmission line 

n  评估接入不同比例可再生能源和减少两台核电机组（2750兆瓦）对电网的影响；
减少三台核电机组；减少所有分布式太阳能；一条500千伏输电线路发生三相短
路故障 

n  Simulated grid operations with active power control and 
inertial control on wind plants and utility-scale solar plants, 
and with the addition of  energy storage 

n  模拟风电场和集中式太阳能电站加以有功控制和惯性控制后的电网
运行，以及加上储能后的运行 

Western Wind and Solar Integration Study, Phase 
III cont. 西部风能与太阳能发电并网研究三期 
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http://www.ieawind.org/AnnexXXV/
PDF/Final%20Report%20Task
%2025%202008/T2493.pdf  


