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Renewable Technology Integration

Outline

• Overview of the Electricity System
• Renewable Energy Options and Where 

they Interconnect
• Why We Need to Address Integration
• Modeled and Observed Impacts of 

Integration
• The Energy Systems Integration Facility
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Overview of the Conventional Electricity System
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Characteristics of the Conventional 
System

Generation is controllable, follows load.
• Effectively no storage
• Generation matches load in real time

Transmission system is actively operated
• Two‐way power flow possible
• Three major interconnections with control areas

Distribution system not actively operated
• Power flow unidirectional 
• Little communication technology in distribution 
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Integration and Interconnection Issues

Access

Variability
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Renewable Generation

Renewable Technology Integration

Wind Energy
Concentrating Solar Power
Photovoltaics
Geothermal
Direct Fire Biomass
Water Energy (tidal, wave, thermal)
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Interconnection
• Transmission
• Distribution

Integration Issues
• Access
• Variability

Wind Energy
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Interconnects
• Transmission

Integration Issues
• Access
• Variability

Concentrating Solar Power
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Thermal Energy Storage
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Planned 280 MW Solana Plant with 6 hrs Storage

Renewable EnergyArtist Rendition
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CSP Trough Plant Output
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Interconnects
• Transmission*
• Distribution
Integration Issues
• Access
• Variability

Photovoltaics

*None currently connected at transmission voltages
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Xcel Energy 8 MW Plant

Utility Scale

Renewable Technology Integration



Renewable Technology Integration

Nellis AFB 15 MW Plant

Utility Scale
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Moscone Center – 675 kW

Commercial 
Rooftop
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Building Integrated PV
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Residential PV
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Residential PV
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Why Worry About Integration?
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2015 Price Targets

2015 
residential PV 
prices without 
incentives and 

moderate
increase in 
electricity 

prices
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Residential 8-10 ¢/kWh
Commercial 6-8 ¢/kWh

Utility 5-7 ¢/kWh

2015 Goals
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Southwest Solar Resources - Unfiltered Data
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Southwest Solar Resources > 6.0 kWh/m2/day
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Environmental and Land Use Exclusions
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Previous plus slope < 1%
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Resulting CSP Resource Potential

The table and map represent land that has no primary use 
today, exclude land with slope > 1%, and do not count 
sensitive lands. 

Solar Energy Resource ≥ 6.0
Capacity assumes 5 acres/MW
Generation assumes 27% annual capacity factor

Land Area
Solar 

Capacity

Solar 
Generation 

Capacity
State (mi2) (MW) GWh

AZ 13,613 1,742,461 4,121,268
CA 6,278 803,647 1,900,786
CO 6,232 797,758 1,886,858
NV 11,090 1,419,480 3,357,355
NM 20,356 2,605,585 6,162,729
TX 6,374 815,880 1,929,719
UT 23,288 2,980,823 7,050,242

Total 87,232 11,165,633 26,408,956

Current total nameplate capacity in the 
U.S. is ~1,000GW w/ resulting annual 
generation of 4,000,000 GWh
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Installed Capacity as of  
January 2009 = 25,204 MW

305 GW

20% Wind Scenario
Renewable Technology Integration

Presenter
Presentation Notes
In total, an addition of 293 GW would need to be added to early 2007 levels to reach 305GW by 2030.  Of that 293 GW, 50GW of offshore wind energy would be needed, mostly along the northeastern and southeastern coasts.
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20% Wind Scenario – Wind in 46 States
Renewable Technology Integration

Presenter
Presentation Notes
The wind turbines required to supply 20% of the nation’s electricity, about 300 GW, would be broadly distributed across the continental U.S. with at least 100 MW installed in 46 states (Hawaii and Alaska were not represented in this study at all, but both states are expected to install over 100 MW of wind capacity.).  The WinDS model uses the best available assessment of local wind resource to expand wind technology capacity.  Limitations of the wind resource input data which could significantly affect the wind technology capacity installed in a given state are discussed in Appendix B.  In addition to wind resource, other factors related to the model logic can influence the amount of wind capacity installed in a given state.  For instance currently existing long-term power purchase agreements are not implemented in WinDS.  The model assumes that local load is met by the generation technologies in a given region.  The lack of wind capacity installed in Ohio is related to the assumption that the existing generation technology in the state provides energy to the local loads, thus reducing the need for additional generation capacity such as wind.  The wind resource in Ohio is sufficient to support wind technology development.  Other states such as Louisiana, Mississippi, and Alabama have lower quality wind resources than Ohio, but under the right economic circumstances it is conceivable that some wind energy development could occur in those states.  The WinDS model optimizes the installation of wind energy capacity within each of the three, large, interconnect areas.  However, the model does show that broad geographic distribution of wind energy capacity serves to meet the broadly distributed national electricity load.  Footnote: Based on the perspectives of industry experts and near-term wind development plans, wind capacity in Ohio was modified and offshore wind development in Texas was included. 
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Transmission Requirements in 2030
Renewable Technology Integration

Presenter
Presentation Notes
The 20% Wind Scenario assumes that transmission planning and grid operations occur on several levels—planning at the national level, reserve margin constraint planning at the NERC level, and load growth planning and operations at the balancing area (BA) level. For visual clarity, these figures display wind capacity only at the balancing area level.The balancing areas, shaded in purple, depict the amount of locally installed wind, which is assumed to meet local load levels. Generally, the first wind system installed either uses the existing grid or is accompanied by a short transmission line built to supply local loads. In later years, as the existing grid capacity is filled, additional transmission lines are built. New transmission lines built to support load in a balancing area with wind resources within that same area are not pictured in this figure; only transmission lines that cross balancing area boundaries are illustrated.The blue arrows represent wind energy transported on existing transmission lines between balancing areas. The red arrows represent new transmission lines constructed to transport wind energy between balancing areas. The arrows originate and terminate at the centroid of a balancing area and do not represent the physical location of demand centers or wind resources. The location and relative number of red or blue arrows depend on the relative cost of using existing transmission lines or building new lines.Existing Transmission Lines: 71 GWNew Capacity Lines within a WinDS region: 67 GWOver 12,000 miles of new transmission will be needed to support the 20% Wind Scenario.
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Example Issue
High Penetration PV

PV viewed as demand reduction
Power flow unidirectional from substation to end use
Limited active operations at distribution level
Limited communications

Current Situation – Low Penetration

PV at high penetration – power production technology
Two-way power flow
Smart grid with active operations
Broadband, two-way communications

Future Grid
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Xcel Energy – Alamosa System

8MW connected to 
substation

High Variability due 
to clouds

Renewable Technology Integration



Renewable Technology Integration

Evaluating High Penetration of PV

Steeper
Load RiseAverage Net Load

Min @ ~11AM

Renewable Technology Integration

Presenter
Presentation Notes
This slide shows results from a study by General Electric on Integrating high levels of PV into the California power system.  This graph shows the peak summer load day. This shows that at levels of 30% based on peak capacity ratings, there is a lower average net load (red line) than before (blue line).  The total peak is reduced, but there is a steeper rise in the ramping of conventional generation. 
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Sacramento Municipal Utility District
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SMUD
Anatolia Subdevelopment (SMUD)
Rancho Cordova, CA

Monitoring 
on 
Distribution 
Transformer

Monitoring 
on Home
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SMUD

Individual Home
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SMUD

Distribution Transformer
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Energy Systems Integration Facility
Enable complex systems research and development that 
fully integrates the most advanced simulation, data analysis, 
engineering, and evaluation techniques to transform the 
nation’s energy infrastructure.
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Fully assess the performance and reliability 
impacts of large-scale RE and EE deployment 
on the nation’s energy delivery infrastructure.

Reduce uncertainties for utilities by 
conducting analysis of RE and EE technologies 
under different operating and geographic 
conditions.

Explore impacts on system interfaces from 
large-scale EE and RE penetration.

Develop performance models for integrated 
RE generation systems for a combination of 
resources/geographies and demand control 
technologies.

Optimize integrated RE and demand side 
systems configurations under various load 
and storage configurations.

Validate benefits of storage solutions for 
distributed and bulk RE and EE technologies.

Capability Gap to Address Challenges
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135,000 sq. ft.
$132.7 million
Design 2009
Construction start 2010
Completion late 2011
Occupancy early 2012
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Hardware “in the loop”Systems “in the loop”
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• Sensors and 
controls

• PV design and 
integration

• Modeling and 
simulation

• System 
integration

• Buildings

• H2/electric 
interfaces 

• RE electrolyzers
• Storage systems
• Standards
• Fuel cell 

integration 
• Fueling systems

• Hydrogen • Wind

• Models, methods 
for wind-grid 
integration

• Transmission
• Operations 

modeling 

• Advanced 
Vehicles

• Solar

• Interconnection
• Power 

electronics
• Building 

integration
• Thermal and PV 

system 
optimization

• Plug-in-
hybrids and 
vehicle-to-grid

• Battery 
thermal 
management

• Power 
electronics

• Storage

• CSP Thermal 
Storage

• Utility scale 
batteries

• Distributed 
storage.

Full systems interface evaluation for integration of electricity, 
fuels, thermal, storage, and end-use technologies

High-Performance Computing, Data Storage, and Networking
System Testing, Data Analysis, Modeling, and Visualization Across Technologies

ESIF System Integration Capabilities
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ESIF Capabilities
• Completed User Requirement Spreadsheets based on 13 

initial competencies from Mission Needs Statement
1. Renewable resource characterization
2. Renewable systems operations and analysis support
3. Integrated testing and field validation of components
4. Simulation and development of system controls
5. Analyzing storage systems 
6. Advanced energy computing capability
7. Renewable electricity production and hydrogen synergies 
8. Buildings System Integration 
9. Market and integration analysis
10. Economic validation
11. Market competitiveness of zero energy buildings
12. Codes and Standards
13. Combined heat and power



Renewable Technology Integration

Requirements Worksheet Example

48 Activities
117 Tasks
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Worksheet Rollup
• Approximately 135,000 sq. ft.

– 20+ Laboratories
– 5 Test Facilities (Outdoor, Roof, etc.)
– ~200 person Office area
– Specialty Areas 

• Insight Center including Visualization Rooms and Collaboration 
areas

• Virtual Control Room for RE Integration and Infrastructure 
Visualization

– Common Areas (Building support, maintenance, conference 
rooms, security, ES&H, building management)

– 15,000+ sq. ft. Data Center
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Energy Systems Integration Facility

• Total Estimated Cost: $132.7 Million

– $89.2 Million – Design and Construction
– $4 Million - Infrastructure
– $5 Million - Other Costs
– $34.5 Million - Equipment

– $12 Million High Performance Computer
– $22 Million in Equipment Capital
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ESIF Schedule
• CD-0 (MNS) – Approved May 2007
• Received Funding ($55M) October 2007
• Define Internal User Requirements July 2008
• Define External user Requirements October 2008
• RFQ to Potential Bidders September 2008
• RFP Preparation Dec 08 – April 09
• RFP to Potential Bidders May 2009 
• CD-1 Package July 2009 
• Select Design Build Contractor August 2009
• CD 2/3 January 2010
• Construction Starts February 2010
• Construction Finishes October 2011
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Thank You

David Mooney, Ph.D.
Director
Electricity, Resources, and Building Systems Integration
david.mooney@nrel.gov

Renewable Technology Integration
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Backup Slides
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20% of electric energy from Wind
• Over 300 GW of new 
wind plants
• Existing transmission 
system is inadequate
• Conceptual 765 kV EHV 
overlay examined by AEP
• $60 billion over 20 yrs
• 19,000 mi of line 
• Delivers additional 200-
400 GW
• Current transmission 
investment $7 billion/yr 
and growing

Renewable Technology Integration
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Integration and Resource Planning

• Modeling and Methods
– Generator Dynamics –

Validation and grid 
monitoring 

– Production Cost and Grid 
Simulators

– Wind Farm Data
– WinDS (econometric 

expansion planning)
Load flow modeling, meso 

profile integration, and 
20%snsitivity studies

Renewable Technology Integration


	Renewable Systems Integration at NREL
	Outline
	Overview of the Conventional Electricity System
	Characteristics of the Conventional System
	Integration and Interconnection Issues
	Renewable Generation
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Thermal Energy Storage
	Planned 280 MW Solana Plant with 6 hrs Storage
	CSP Trough Plant Output
	Slide Number 16
	Slide Number 17
	Xcel Energy 8 MW Plant
	Nellis AFB 15 MW Plant
	Moscone Center – 675 kW
	Building Integrated PV
	Residential PV
	Residential PV
	Why Worry About Integration?
	2015 Price Targets
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Resulting CSP Resource Potential
	20% Wind Scenario
	20% Wind Scenario – Wind in 46 States
	Transmission Requirements in 2030
	Example Issue�High Penetration PV
	Slide Number 36
	Evaluating High Penetration of PV
	Sacramento Municipal Utility District
	SMUD
	SMUD
	SMUD
	Energy Systems Integration Facility
	Slide Number 43
	Slide Number 44
	Slide Number 45
	ESIF System Integration Capabilities
	ESIF Capabilities
	Requirements Worksheet Example
	Worksheet Rollup
	Energy Systems Integration Facility
	ESIF Schedule
	Thank You��David Mooney, Ph.D.�Director�Electricity, Resources, and Building Systems Integration�david.mooney@nrel.gov�
	Backup Slides
	Slide Number 54
	Integration and Resource Planning

