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Welcome!

Welcome to our webinar! Here are a few notes about using Zoom:

+ This webinar is being recorded and will be shared with attendees.

*  You will be automatically muted upon joining and throughout the webinar.

* Please use the Q&A function to ask questions to be addressed during the Q&A portions. You can find this function in your toolbar.
* Please use the chat feature to add comments and share input.

+ If you have technical issues, please use the chat feature to message Isabel McCan or Holly Darrow.

*  You can adjust your audio through the audio settings. If you are having issues, you can also dial-in and listen by phone, which can be
found in your registration confirmation email.

To view the recordings and resources from yesterday’s session, please visit:
https://globalpst.org/transforming-the-global-power-sector-open-data-and-tools-for-renewable-energy-
integration/
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Agenda — Day 2

Recap of Day 1

Overview of PCM Workflow and Sample Analysis

Resource Visualization and Site Screening in RE Data Explorer
PCM Demonstration in Sienna\Ops

Open-Source Training Resources

Audience Q&A

Wrap Up
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Sources of Flexibility

[ | RELATIVE ECONOMICS OF INTEGRATION OPTIONS

Chemical Storage

Shedding

Transmission
Expansion

Coal Ramplng

Resi al Transmnsmon
Gas Ramping Storage

E Strategic
] RE Curtailment®
Thermal Storage
o M Advancod Noto
Expanded Balancing Operation Managarmnt
Footprint/Joint 3 R, Hydro Ramping
em Operation -
Syst = I;creiased'ﬁ.n ? Commercial Demand
ervice Liquidity R
Sub-hourly it
Scheduling and Improved Energy
Dispatch Market Desicr |
RE Forecasting Option costs are system-dependent
Grid Cades and evolving over time
SYSTEM FLEXIBLE
Jna ot intanantion Flexibility in 21st Century Power Systems
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https://www.nrel.gov/docs/fy14osti/61721.pdf
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Unit commitment and economic

dispatch
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7.5+

50—

Generation (GW)

25+

Jan 30 Jan 31 Feb 01 Feb 02 Feb 03 Feb 04 Feb 05 Feb 06 Feb 07 Feb 08

* Intertemporal Unit-Commitment & Economic
Dispatch (UC/ED)
Mixed Integer Programming problem (MIP)
* Sequential UC/ED Steps
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Structure of an Optimization Problem

min g(z,u)

K7
s.t. e X
ueld
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NREL Wind Resource Data

. NREL Wind Data - Asia
« Central Asia — 2015
o . Souhkarea  Japan * 2km, 15 minute - Kazakhstan
a wn (O “‘%i * 9km, 15 minute - other countries
i . e o * South Asia — 2017
i Arabia 12-1- '-A.v: ] Bangladesh' 4 Taiwan * 3km, 5 minute
o 5 - :  India, Sri Lanka, Nepal, Bhutan
— woan g . Southeast Asia 2007-2021
- Yy 3km, 15 minute
v Salboa : ; » Association of Southeast Asian
Maldives M Nation (ASEAN) countries and

Indonesia - BangladeSh

Papua New
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Southeast Asia Solar Resource Data

Released in February 2021:

« High fidelity solar radiation data |
covering SE Asia and much of
the Indo-Pacific region.

« 10-years of high spatial and
temporal resolution data and a
Typical Meteorological Year
(TMY) data set.

« Easily accessible, free, and
open data.
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Recap of Key Takeaways from Day 1

« Power system flexibility is key for integrating VRE

« Time-series production cost modeling can quantify the
benefits of many sources of operational flexibility

* For system operators, PCM is key to operations and planning:

— Minimize operating & reserve costs on a daily, hourly,
subhourly basis

— Study & anticipate impacts of VRE scenarios on
operations

* For developers, PCM can help determine site feasibility:

— Transmission-constrained curtailment, market bidding v )
strategies (hybrid/storage), locational cost and emissions Y

impacts . optimization horizon:
« Open-source data and models reduce cost and difficulty of 48 hours

site prefeasibility and feasibility studies

Generation (GW)
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Overview of PCM Workflow with
Sienna\Ops
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Overview of PCM Workflow

Thermal Generator Data

) REexplorer System Advisor "
e 4 MAPPING OUR ENERGY FUTURE Model (SAM)
N y +

Electricity Production I Demand Tlme-Serles

.\
ficat . \" Slenna

Plant Specifications I >
I Costs, Compensation,

Financing, Incentives

+

Plant Losses I —

<

Levelized Cost of Energy
(LCOE), Net Present

Value, Payback Period
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Sample Analysis:
Cambodia

(2021):
Open-source, hourly-

resolution operational
model

Includes transmission lines
and generators

Includes time-series load
and hydro data based on
2016

No wind or solar
generators included yet
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https://github.com/Critical-Infrastructure-Systems-Lab/PowNet

Case Study Code

https://github.com/NREL-Sienna/PSI-Cambodia
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https://github.com/NREL-Sienna/PSI-Cambodia

Disclaimer

» Case study is for illustrative purposes only

* No endorsement of specific technologies/brands or developing specific
renewable resource locations

« After demonstrating initial resource prospecting in RE Data Explorer, we did
not include practical due diligence about renewable energy siting

« We did not consult or get endorsements from local experts and authorities
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Resource Visualization and Site Screening

Utility-Scale Wind and Solar Prospecting
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Renewable Energy (RE) Data Explorer | (. REexplorer

c A user-.friendly geospat_ial » Performs visualization and
analysis tool for analyzing analysis of renewable energy

renewable energy potential that can be customized
potential and informing for different scenarios.

decisions. _ _

* Repository for download of high-
quality data and integration with
D i gy Roteats other analytic tools.

With global coverage and a new high-fidelity time series data set

orSoueast i e B Gl ks rales o » Supports prospecting, integrated
St:;t:rne.d for more updates to come! pl a r.] n.l ng y pOI I .Cyma kl. n.g.’ a n d Oth e r
decision-making activities to

- accelerate renewable energy
www.re-explorer.org deployment.
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Supports Evaluation of RE Resources, Technical

Potential and Cost of Energy across Southeast Asia
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RE Data Explorer: Technical Potential

Annual Technical Potential=
Available area (km?) * Power Density (MW/km?) * Mean Capacity Factor * 8760 hours

PV Plant Wind Plant

J‘\ 1 Jf j j‘/—mject

Area

= \! Undisturbed

‘" |\' Temporary
\ 10}
/

‘ \ [ Total Land Area
N\ [ Direct Land Area
. _’ | )
| /, Permanent
/ Service Road Undisturbed

28-36 MW/km? Fixed-Tilt PV 3-5 MW/km? Wind Plant
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Levelized Cost of Energy (LCOE)

« LCOE is typically in $/kWh or $/MWh
» Typical ranges for competitive technologies is

+ LCOE is a standard metric used to compare $0.02-0.1/kWh or $20-100/MWh
different generation technologies. « Capital Expenditures (CapEx) - The total cost to
« Captures the relationship between energy develop and build a plant, including system
production and costs. components, transportation, labor, balance of
« Simple metric for representing the cost of energy station.
that requires few inputs. » Operating Expenditures (OpEx) — Costs to

operate and maintain the plant per year across
the lifetime of the project.
« CapEx and OpEx typically in $/W or $/kW
» Fixed Charge Rate (FCR) represents the
LCOE ($/MWh) = (CapEx X FCR) + OpEx X 1000 percentage of annual revenue required to
AEP, ¢ finance the project (typically 6-12%).
* Net Annual Energy Production (AEP)

“Corriente Alterna (CA); Corriente Continua (CC)
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Time-Series Data Selection for PCM

. PCM uses time-coincident modeling to accurately assess the weather impact on the power system
— Demand, solar, wind (and hydro) data must be time-aligned

. Typical Meteorological Year (TMY) weather data is popular for calculating average or expected performance of a solar
plant

— “Typical” weather is assessed on a location-by-location basis
— TMY weather is appropriate to use when considering a single RE plant in isolation

— TMY data is not appropriate for system-level studies, because it is not guaranteed to be time-coincident across
locations

. Recommendations for PCM time-series data:
— Base studies on historical Actual Meteorological Year (AMY) weather
* Could include consistently-applied climate change adjustments
— If modeling forecasts, use a consistent input source (e.g., a Numerical Weather Prediction model)

. Since PowNet uses 2016 demand data, we will use 2016 AMY solar and wind data from RE Data Explorer

FOR INTERNAL USE ONLY - DO NOT DISTRIBUTE. DO NOT CITE OR REFERENCE. This work is not for distribution or commercial purposes. The methodology, . .
formula, and analysis used and presented in this document and the views herein do not necessarily represent the views of, nor are they endorsed by the U.S. Department Global Power System Transformation Consortium | 23
of Energy or the U.S. Government, or any agency thereof.


https://www.ecmwf.int/en/forecasts/accessing-forecasts

RE Data Explorer Demonstration
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Download High Resolution Weather Data
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PCM Demonstration in Sienna\Ops

Part 2: Results after VRE Integration
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Synthesis and Wrap-Up
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CYRELCEEVS

 RE Data Explorer’'s new Southeast Asia wind dataset provides
high-resolution, open-source data for site prefeasibility and
feasibility studies. High-resolution solar data is also available
for this region and others.

* Open-source data and tools enable system operators and
developers to conduct planning and feasibility studies

« PCM can be used to understand how operational impacts of a
power plant and power system on each other

« Understanding and increasing operational flexibility is key to
grid integration of VRE
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SAM Resources

 Website — http://sam.nrel.gov
— Support Forum — Ask your question!
— General info/ online help file / contact info
* YouTube Channel
— https://www.youtube.com/user/SAMDemoVideos
— All prior webinars and seminars
« Bi-Monthly Round Table sessions
— SAM team asks questions live and interactively
* Email Support

— SAM support can provide email support if
question/bug is involved
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Sienna Resources

a

PowerSimulations.jl

‘Welcome Page

o Overview
© How the documentation is structured

o Installation

Quick Start Guide

Modeler Guide
Definitions

PowerSimulations.jl Modeling
Structure

Operations ProblemTemplates

Simulation

Welcome Page © Edit on GitHub £

PowerSimulations.jl

Overview

PowerSimulations. jl is a power system operations simulation tool developed as a flexible and open
source software for quasi-static power systems simulations including Production Cost Models.
PowerSimulations. j1 tackles the issues of developing a simulation model in a modular way providing
tools for the formulation of decision medels and emulation medels that can be solved independently or
in an interconnected fashion.

PowerSimulations. j1 supports the workflows to develop simulations by separating the development
of operations models and simulation models.

+ Operation Models: Optimization model used to find the solution of an operation problem.

+ Simulations Models: Defined the requirements to find solutions to a sequence of operation
problems in a way that resembles the procedures followed by operators.

The most commen Simulation Model is the solution of a Unit Commitment and Economic Dispatch
sequence of problems. This model is used in commercial Production Cost Modeling tools, but it has a
limited scope of analysis.

Package documentation includes
Quick Start Guides and Tutorials:

 PowerSystems.jl
 PowerSimulations.|l

* PowerSimulationsDynamics.|l
 PowerGraphics.jl

NREL Team: sienna@nrel.gov

Slack: https://nrel-sienna.slack.com
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Thank you for joining us!

For more information on the USAID-NREL Partnership, visit nrel.gov/usaid-
partnership or reach out to USAID.NREL@nrel.gov

For more information on the Global Power System Transformation
Consortium (G-PST), visit globalpst.org or reach out to globalpst@nrel.gov
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