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State-of-the-art analysis of the U.S,, WHAT WE’'RE STUDYING

Canada, and Mexico power systems, * Long-term pathways to a modern power system in North
from planning through operations America
* Operational feasibility of very high-penetration scenarios
Bl GOt Comda "™ * Weather variability and uncertainty

Canada * Value of enabling technologies: flexible hydro, thermal
generation, demand response, storage, transmission

* Value of operating practices: interchange, enhanced scheduling,
local generation, reserve provisions
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Grid Modernization in North America

INFORMING

grid planners, operators,
market participants, and
regulators of challenges and
opportunities for the grid

ENABLING

stakeholders to deepen and
extend their understanding of
renewables and modern
power systems

CREATING

a framework for future
analysis

-Isit reliable and affordable?

- What operating practices and technologies help the
most?

- Are the “solutions” robust?

- What is the benefit of inter-regional and cross-
border cooperation?

- Creating and disseminating new data

- Pioneering and deploying new methods and
computational tools

- Stability (i.e., frequency, transient, voltage)
- Resilience to extreme events (e.g., weather)
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DEEPER ANALYSIS:
Power flow
Reliability

B What gets built and where?

profiles) o
How is it operated?

Generation siting . .
How does it compare to other scenarios?



Input Data

DATA

DEVELOPMENT

Data sets are developed almost entirely based on public data, processed

using novel, replicable methods
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Four overarching pathways for
North American electric power
system evolution through 2050




Four overarching
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Domain A
*  Vaisala Wind Toolkit
e 2007-2013

*  Continuous United
States

Domain B

*  NREL Created using
similar method

e 2010-2013
e Canada

Domain C
e 2009-2013
*  Southern Mexico

5-minute resolution

2km x 2km spatial
resolution

. Cartography by Billy J. Roberts | June 15,2018
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Extreme Weather Event Analysis
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This map provides annual average total daily solar resource from PSM v3 at a resolution of 0.038-degree latitude by >65 Nar:gzg/’;;:ﬁeagsbﬁ "EZZ,“'(/L%:,Z i
0.038-degree longitude (nominally 4 km x 4 km). The insolation values represent the resource available for solar energy 60-65 4 4

55-60 for the US Department of Energy.

systems. These values were created using the adapted PATMOS-X model for cloud identification and properties, which Billy J. Roberts | February 22, 2018

are then used as inputs to the REST2 model for clear sky and NREL's FARMS model for cloudy sky radiation calculations. 32 = gg =

REST2 calculates both DNI and GHI. FARMS calculates GHI, and the DISC model is then used to calculate DNI. The map 40-45 =3
is generated using the 1998-2016 dataset. Aerosol optical properties are derived from MODIS and MISR satellite 35_40 |
products while atmospheric parameters are obtained from NASA's MERRA product. 30-35 =

For more information, please visit the website at https://nsrdb.nrel.gov or contact nsrdb@nrel.gov [ <30 NATIONAL RENEWABLE ENERGY LABORATORY




Inter-Annual Variability of Potential
Generation

Multiple years
of weather data
to be used for
Production Cost
Modeling
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How Do We Make Sense of Petabytes of Data?

re\V/: Renewable Energy Potential Model

* Runs on NREL's Peregrine supercomputer
* Serves as a pipeline for coupling energy models (e.g., ReEDS and PCM)—boiling down
immense amounts of data into the precise scenarios each model requires

* Enables detailed techno-economic assessment of renewable energy resources under a
variety of regulatory, sociopolitical, and environmental factors



The Renewable Energy Potential

(reV) model
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NARIS Siting Visualization Tool
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Minnesota Zoom-In
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But What About Forecasts?
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Unit Commitment and Economic Dispatch

\ Hurdle Rate-70%

Generatio

Inflexible Baseload-70%

\ VG Limit-70%

Jul 31
12 AM

Jul 30
12 AM

— Load

M Curtailment
PV

B Wind
Il Pumped Storage
M Other
CTI/Gas boiler
B GasCC
Hydro
M Baseload

Generation or Online Capacity (GW)

Base-70% Base-76% Hurdle Rate-70%  (Inflexible Baseload-70% VG Limit-70%
—Fr— ]
— 3 — B |
150 4 a __T‘Hﬂ [ ‘ - a & A [ ]

z
1008 R B BE TR R R R W 2
50
0
100+ | r v
@
- DA Committed Capacity or
g Forecasted Generation
501
RT Committed Capacity
0 —
80
~—— Gas CC
60+ a CT/Gas boiler
=
g — Wind
40+ 2 PV
| H
20 s
- A | L - | RT Generation
GasCC
CT/Gas boiler
= Wind
E
e PV

300+

200+

100 4

Jul 20
12am

Jul 30
12 AM

dul 34
12AM

Jul 20
12am

Jul 30
12 AM

dul 34
12 AM

Jul 29

12 am

Jul 34
12 AM

Jul 30
12 AW

Jui 20

Jul 34
12 am

Jul 30
12 AM

Jul 28

12 am 12 AM

Jul 3
12 am

Jul 30
12 AM



PCM Simulation Phases

Day-Ahead
Wind/Solar
Forecast

Day-ahead 24-Hour Optimization

Simulation | § : 1

Coal Commitment, Hydro/Storage dispatch

Intra-day Updated
Simulation Wind/Solar=—=
Forecast Y
Combined Cycle Commitment
R.eal-tm.le Actual —_— . Single Period (Hourly/5min)
Simulation Wind/Solar
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NARIS Data Summary

NARIS built on highly resolved
spatial and temporal resource data

Multi-year analysis allows for more
robust understanding of power
system operations under high
variable generation

Enable deeper understanding of
operations during specific weather
events (not just hurricanes) T rr——

The datasets are public
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