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Context for Geosp




Geospatial Analysis

Resource Potential <=
Protected Areas <

Urbanized Areas <

Water Features <

* Geospatial analysis Terrain Features <
provides a distinct Sy
perspective of the
physical world, a
unique lens through
which to examine
events, patterns, and

Analysis

Resource Modeling

Web Applications

processes that operate
on or near the surface |

Of our p | an et : System Modeling

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Real-World Features
. . * Urban Development
Geospatial Analysis A +Vogelafion
* Geology
* Hydrology
* Energy Resources
* Transportation Networks
* Transmission Infrastructure
*Virtually anything
located on the earth!

* Basic Primitives

— Place(s)
— Attributes
— Arrangement, Scale, Resolution Conversion to o
i - - . Geospatial Datasets Urbanization
* Spatial Relationships Geospatially aligned “layers” |, <

*Digital representations

— Power of location is derived from
relative positions

e Spatial Statistics | Other relevant

_ : - features
— Application of statistical methods
to data with explicit spatial

of the real world Terrain features

structure T—
. .. . - patial Data Infrastructure
— Cloge association with ’gradltlonal « Geodatabases for organization,
statistics and computational ' storage and retrieval
statistics * Software for analysis and

) visualization
e Spatial Data Infrastructure
— Set of representations created
using recognized standards that

provide sources of spatial data and
tools Geospatial Analysis & Mapping

* User-performed analysis and mapping

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Geospatial Analysis for
Renewable Energy

* Basic Primitives
— Place(s)
— Attributes
— Arrangement, Scale, Resolution

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Points, Lines and Polygons



Geospatial Analysis for
Renewable Energy

* Basic Primitives
— Place(s)
— Attributes
— Arrangement, Scale, Resolution

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Power Plants

Points, Lines and Polygons



Geospatial Analysis for
Renewable Energy

* Basic Primitives
— Place(s)
— Attributes
— Arrangement, Scale, Resolution

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Power Plants

Transmission
Infrastructure

Points, Lines and Polygons

Lines



Geospatial Analysis for
Renewable Energy

* Basic Primitives
— Place(s)
— Attributes
— Arrangement, Scale, Resolution

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Power Plants

Transmission
Infrastructure

Forested
Land Parcels

Points, Lines and Polygons

Lines
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Speed (m/s)

Philippines Wind Resource Analysis > 10

95-10
9-95
85-9

ShOWﬂ.‘ 8-85

Geospatial Analysis for
Renewable Energy Regional Wind Speed zyg

6-65
55-6
5«55
45-5
4-45

<4

e Spatial Relationships

— Power of location is derived from
relative positions

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Speed (m/s)

>10
95-10
9-95
85-9
8-85
75-8
| 7-75
65-7
6-65
55-6

Philippines Wind Resource Analysis
Geospatial Analysis for

Renewable Energy

Shown:
Regional Wind Speed
with Sub-Optimal Resource Overlaid

Basic Primitives :
— Place(s) : Sub-optimal
— Attributes e
— Arrangement, Scale, Resolution

Spatial Relationships

— Power of location is derived from
relative positions

Spatial Statistics

— Application of statistical methods
to data with explicit spatial
structure

Close association with traditional
statistics and computational
statistics

Spatial Data Infrastructure

— Set of representations created
using recognized standards that
provide sources of spatial data and
tools

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, GoodCchild, Longley




Speed (m/s)

Philippines Wind Resource Analysis 210
Geospatial Analysis for —— 2
Renewable Energy Regional Wind Speed o

with Sub-Optimal Resource Removed 6-65

e Spatial Relationships

— Power of location is derived from
relative positions

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Speed (m/s)

Philippines Wind Resource Analysis 210
Geospatial Analysis for —— 2
Renewable Energy Regional Wind Speed o

with Protected Areas Overlaid el

e Spatial Relationships

— Power of location is derived from
relative positions

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Speed (m/s)

Philippines Wind Resource Analysis 210

Geospatial Analysis for —— 2
Regional Wind Speed 775

Renewable Energy with Protected Areas Removed o o3

e Spatial Relationships

— Power of location is derived from
relative positions

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Speed (m/s)

Philippines Wind Resource Analysis 210
Geospatial Analysis for —— 2
Renewable Energy Regional Wind Speed o

with Transmission and Roads Overlaid 665
and Remote Areas Overlaid

e Spatial Relationships

— Power of location is derived from
relative positions

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Speed (m/s)

Philippines Wind Resource Analysis 210
Geospatial Analysis for —— 2
Renewable Energy Regional Wind Speed o

with Transmission and Roads Overlaid 665
and Remote Areas Removed

e Spatial Relationships

— Power of location is derived from
relative positions

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Linear Scaling Wind Profiles

Geospatial Analysis for
Renewable Energy

Profile bending
sample locations

Average annual wind speed

Pas:y city k- meters::e;':ond
~ . SanPablo : '
8 N 147
N .Bahngas ," 1 +  TMY point locations (1km)
o ;. 4 " « 2014 point locations (30km)
R Y 1 Legazpi
i (4 ‘ N Ny Leg
5 - w . h . L C 0 25 50 100 Kilometers
e Spatial Statistics ) S
— Application of statistical methods Typical Meteorological Year (TMY) informs expected generation but lacks coincidence with
to data Wlth EXp“Cit spatial load time-series required for grid integration.
structure £
— Close association with traditional g
statistics and computational T
statistics =
Actual Year data has hourly and daily variability that corresponds to load, however, is of
poor spatial resolution.
£
é
Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley 300 400

Time (hours)



Linear Scaling Wind Profiles

Geospatial Analysis for
Renewable Energy

Gaussian filter with 8 standard deviations applied with two moving windows (24-48 hours)
normalizing and then applying a linear scaling.

AUC: 41165.9 (2014); 92278.75 (tmy); 100742426381 (2014)

Wind speed (m/s)

Time (hours)

Results show preservation of temporal variability, distribution, and area under the curve

2014 temporally coincident data TMY data Blended data

e Spatial Statistics

— Application of statistical methods
to data with explicit spatial
structure

— Close association with traditional
statistics and computational
statistics

10 15 20 3
Wind speed (m/s)

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley



Geospatial Analysis for
Renewable Energy

Spatial Statistics

— Application of statistical methods
to data with explicit spatial
structure

Close association with traditional
statistics and computational
statistics

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Estimating Shallow, Low-Temperature Geothermal Resources

Observations of latitude, longitude, temperature, and depth.

BHT Observation

Experimental variogram (points) and fitted variogram model (line) for residuals from
regression model.

300

o
o
o

Global Variance =186

Semivariance
>
o

0 200 400 600 800
Distance (km)




Geospatial Analysis for
Renewable Energy

e Spatial Statistics

— Application of statistical methods
to data with explicit spatial
structure

Close association with traditional
statistics and computational
statistics

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Estimating Shallow, Low-Temperature Geothermal Resources

Temperature at depth maps resulting from kriging.

Ve e,
NI

Estimated Temperature at Depth (°C)
0



Geospatial Analysis for
Renewable Energy

e Spatial Statistics

— Application of statistical methods
to data with explicit spatial
structure

Close association with traditional
statistics and computational
statistics

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley

Estimating Shallow, Low-Temperature Geothermal Resources

.

+95% Confidence Interval
for Temperatures at Depth (°C) 0

Pr—
20 22 24 26 28



Geospatial Analysis for
Renewable Energy

Run Analysis

e 2,
. .
Burma Dynamic Technical ] ROLET S0
Potential P P ) Salavan /e )
The Dynamic Technical Potential tool allows users 1" YASTEIoN o Q L <
to determine the available resource for Burma that Sekong \ ° - in. Tam Ky
meets user-defined criteria. | o] N .
Pakse ? \2uang
uixe - Donghiua \géi
i i i " ao National
Cambo'dla Dynamic Technical o A BUF ) Bio-Diversity.
Potential LT
The Dynamic Technical Potential tool allows users oD e
to determine the available resource for Cambodia m
that meets user-defined criteria. °
o

Laos Dynamic Technical m
Potential

The Dynamic Technical Potential tool allows users
to determine the available resource for Laos that

(56} {1y Nhon
Y o sk (o4} 4

KiongPoi,Pet iem Reap
namwitn ety

meets user-defined criteria. Krong {c2]
OBanan\.bém%
; . 2 [RDARY
Thailand Dynamic Technical ™1 c bodi
Potential CHANTHABURI™ Phnum. ambodia
The Dynamic Technical Potential tool allows users Samkoh Krong
to determine the available resource for Thailand i TR Kampong,
that meets user-defined criteria. RUBH thhnang Krong
i n&w?ﬁ) aRnama sKampong
s am
) " . Phnom.Penh . jranniny
Vietnam Dynamic Technical =
ardzt) L NEMSHINM gy’ .

Potential ) Tay 1 $nRang
The Dynamic Technical Potential tool allows users 5] i :ﬂ ip Cham
to determine the available resource for Vietnam o a o S >
that meets user-defined criteria. f et

>
Krong Preah A 2

otk B g U e N
G ‘)\‘ 2

Krong Kampot/—
afnn g
Phu oc

0©

Google

Spatial Data Infrastructure

Set of representations created
using recognized standards that
provide sources of spatial data and
tools

Source: Geospatial Analysis — 5t Edition, 2015 — de Smith, Goodchild, Longley




Geospatial Analysis for
Renewable Energy

Theoretical total potential of an energy resource
* Solar * Hydropower

* Wind * Geothermal

* Biomass * Hydrokinetic

e Where do we start?

Estimated potential after applying constraints
* System type * Terrain slope

* System size * Waterbodies

¢ Land use * Transmission

Economic Potential

Estimated potential after financial considerations
* Projected technology costs

* Available vs. required revenue

Market Potential

Estimated potential after market considerations
* Competition with other energy sources

* Policy implementation and impacts

* Regulatory limits

* Investor response




Enterprise Geospati:




First, What is the
Desktop Geospatial
Toolkit?

& Geospatial Toolkit -- Philippines ===

@/ (78] FINREL =
Stand-alone desktop GIS e o [T e
software application : : N
Combines renewable
resource information with
other cadastral, e
environmental, and 4

infrastructure data

Explores data visually and
with targeted, quantitative
geospatial analysis
functionality

o I L
124519, 1229804 Decimal Degrees |~ |

Free and open-source tool
No GIS expertise required




Now... What is the
Enterprise Geospatial
Toolkit (EGST)?

* Possess all the same qualities
as the desktop GsT
* In addition...
Web-based GIS system

Integration with hourly and
sub-hourly resource data

Advanced spatial analysis
continually being developed

Security and authorization
Printable maps & reports

Downloadable map &
legend images

Run Analysis

Burma Dynamic Technical ™1
Potential

The Dynamic Technical Potential tool allows users
to determine the available resource for Burma that
meets user-defined criteria.

Cambodia Dynamic Technical o
Potential

The Dynamic Technical Potential tool allows users
to determine the available resource for Cambodia

that meets user-defined criteria.

Laos Dynamic Technical

Potential

The Dynamic Technical Potential tool allows users
to determine the available resource for Laos that
meets user-defined criteria.

Thailand Dynamic Technical ™1
Potential

The Dynamic Technical Potential tool allows users
to determine the available resource for Thailand
that meets user-defined criteria

Vietnam Dynamic Technical ™
Potential

The Dynamic Technical Potential tool allows users
to determine the available resource for Vietnam
that meets user-defined criteria.

Lower Mekong Geospatial Toolkit

. 5.
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Salavan J [} \
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EGsT Architecture

Web client built on EmberlJS

framework using Leaflet, D3, and

Highcharts for data visualization | gy Leafletyl )3
Eg = S
Map tile servers utilize Geoserver Web Client javer

Analysis APIs utilize Ruby on Rails
endpoints to call PostGIS or Python na & Geoserver @ python’
analysis processes

amazon
webservices™

Data stored as PostgreSQL/PostGIS )
tables, HDF5 files, and rasters ' @

P%itﬁ's GeoTIFF

Code management through Data
Git/GitHub

Enterprise GsT utilizes Amazon Web
Services to host data and analysis
scripts




EGsT Data

Home  Print  Feedback

Renewable resource data Protected Areas Laer

— Gridded solar and wind resource data o, \’ ¥ ASS
. 5% ' O g, e Theun NACh, |-
— Biomass, geothermal, hydro, and , A9 N\ m\
conventional resources can also be o ' TN A
added Transparency Maj:;ine F"mts;nu\ok- Nial 1 . g ~’" ' ( m
75% za’icﬂ\\jé ind W\I?::;Jr;?;ﬁi:" PN ‘,N'M"AH’,N
Ba Se data ; o " X PHICHIT ; .‘,"r; .
= Elevation a nd Slo pe @I/ Central and Southern Corridor V,\En[“:w. "’-IEﬂ

@/ Central Corridor
- La n d u s e/I a n d Cove r g E;z::;?;:::;ksl Corridor

— Protected areas e L

o/ North-South Corridar

— Political boundaries o —— ¢

@/ Northeaster Corricor

TS UBDN Pakse ~~
3 RATCHATHAN| S{-Uancs
8~ BYRIRAMS _ &

Muang |

PORER._
! -

M,

— Cities/towns U e °

@/ Southem Coastal Corridor

— Rivers and lakes @ oremcontr

& Wester Corridor

Infrastructure data :
—_—

Krong
KrongPoi et B Siem Reap
A ainwidn ‘mhlfg]ﬂnu ’ -
ot d Krong L Y
oBattambang .

[fHmANE.

“~‘Ca_mbodia"._

o Krong .
o o . 75% MJEJK Kampong,, |
i i Ghhnang ™+ 1
o Transmission lines @b é U~ gl

o Roads and railroads
o Power plants

Other data of interest (examples)
o Meteorological stations

o Rural development priorities (schools,
clinics, etc)




EGsT Use-Case(s)

e Estimate RE potential to inform targets

* |dentify tradeoffs and synergies
between sustainable land use and clean
energy

* Estimate generation costs to inform
subsidies

* |dentify areas where RE supports
development priorities (e.g.,
electrification, climate resiliency, energy
security)

* Screen for potential RE development
zones (national and regional)

* Screen for potential development sites

* |dentify sites for long-term
measurement stations

e Access solar and wind time-series data
for grid integration analysis, pre-
feasibility assessment, or system design

*  One stop for relevant geospatial and

spatiotemporal data for renewable
energy

Temporal scale

: : (,‘9
Region Planning <
Project Pre-
&@ Dev feasibility
Project System
meters :
Dev Design

Q9
©
O

(%)

<
=)
©
)

)

* Data and Analysis Various by Country/Region






Big Data Downloads

e Allows users to
download a pixel or
region of hourly solar

or 5-minute wind*
resource including
ancillary
meteorological data

Provides access to 10’s
of terabytes of wind
and solar resource
data

EAPTERT P Sl Analysis & Downloads

Wind Power Analysis
Run an analysis on the amount of yield that
can be produced in a specific area

Wind Resource Data Download .
(Point)

Download resource data from the Wind Integration
National Dataset (WIND) Toolkit, Western Wind
Dataset or Eastern Wind Dataset (where available)

by point. This tool will return data for the station
closest to the point drawn.

Wind Resource Data Download n
(Box)

Download resource data from the Wind Integration
National Dataset (WIND) Toolkit, Western Wind
Dataset or Eastern Wind Dataset (where available)
by box. This tool will return data for all stations
falling within the drawn region.

Leavenwort
Cal

Data Download Wizard

WTK EWIS wwis

Wind Integration National
Dataset (WIND) Toolkit

The Wind Integration National Dataset
(WIND) Toolkit is an update and
expansion of the Eastern and Western
Wind Datasets, and is intended to
support the next generation of
integration studies. The WIND Toolkit
includes meteorological conditions and
turbine power for more than 126,000
sites in the continental United States
for the years 2007 -2013.

The WIND Toolkit has been funded by
the U.S. Department of Energy, Office of
Energy Effidency and  Renewable
Energy, Wind and Water Power
Technologies Office, and was created
through the collaborative efforts of the

S Documentation
el Bri-Mathias Hodge

National Renewable Energy Lab
Contact.

Select Years  SelectAll  ClearAll
2007 ™) 2008 ) 2009 7 2010 ™ 2011 7 2012
Select Attributes  SelectAll  Clezrall

Wind Power (MW}

Temperature

Select Download Options

Include Leap Day

Wind Direction (deg)

Surface Air Pressure (Pa)

Select All

Wind Speed (m/s)
Density {ka/m"3)

Clear All

Convert UTC to Local Time

Download Limit Indicator

. g Kuuuskva
Cmmgwo»d
o7 2T ' arahgeite
Wallowa-Whitman | e
National Forest Whng Bird !
4 Per
- Nl
Wallowa 3
g . i
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¥ >

2 &
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L. Report a map ermor

-y
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iz e
Miton-Freewater 39
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B[ C T o
1 120595
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2007 1 1 o s 1218 0859 99148816
2007 1] 1 o 30 1219 0343 99151.552
2007 1 1 o 3 1219 1034 99151552
2007 1 1 o 0 1210 1118 9915064
2007 1 1 o a 1210 1217 99155216
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Big Data Downloads

Users Use Cases

e Electric utility consultants * Site based generator energy

« Utility planners estimates

e Academics * Generator exceedance
probabilities

* Project Developers

« Energy Analysts * Generator financial modeling

* Base data for grid integration

 Technology Engineers _
analysis

o Production cost models
o Capacity expansion models

NATIONAL RENEWABLE ENERGY LABORATORY



. . Resource Analysis
[echnical Potential [
National Results Regional/State Results
DC Generation: 60.1 MWhyyr Quang Ninh
Total Land Area: 2013.5 km? _
DC Generation: 60,1 MWh/yr
Name;_)tate 96548.1 MW Total Land Area: 2013.5 km?
Capacity: Nameplate 96648.1 MW
Capacity:
Wind Resource Bounds Land Area by Resource Class )
196- 196 Wm? 139 km?
. Minimum: 196.0 W/m? 187- 197 Wjm* 307 kom®
ynamically conduc - o IR %
Vietnam Resource Analysis 109- 209 Wm 1.15 km?
. e revose poremgat for e 7] 212 212 Wim¥ 3.94 km?
u S e r S e C I fl e d — e et sk t 1t
resoure poeniator s ™1 Tip: Return to this interface from the map table of contents by clicking the info button: @
h . | . I e e s W .
’), \ E 5L - . Beibu Gulf g
technica P otential at —— bod .
Use the Resource Analysis Tool to analyze o ‘ 2 J 045
resource potential for Myanmar. >
L] Thailand Resource Analysis I 5’
the regional or country |[EEEET T
¢ o
# - e
" vori sl A
level x
Resource Analysis
Allows stakeholders to "
Resource: Limit By Power Density © Limit to Road Corridors: (7]
| t - t f Wind B {mez) H Mone B kilometers  C
evaluate Impa4acts o e[ 0] M [
Country: Limit to Transmission (7]

Exclude Protected Areas € | Corridors:

various barriers to o B B

Region(s): @ Limit By Land Use: (7]
Barren or Sparsely Vegetated Limit B)" Sl.ope: e
Quang Ngai Cropland/Grassland Mosaic
r e n e W a b I e e n e rgy Quang Ninh Cropland/Woodland Mosaic Min: Manx: 3
Quang Tri Deciduous Broadleaf Forest
Soc Trang Deciduous Meedleleaf Forest
Son La Dinyland Cropland and Pasture

d e I O I I I e I l TP Ha Noi Evergreen Broadleaf Forest
TE Hai Bhanno

Evergreen Need.eleaf Forest

Save Layer As:  Demo Analysis ‘ (7] Run Analysis




Technical Potential

Users

* Transmission developers
* Regional organizations

* NGO’s

* Project developers

e State offices

* Energy Analysts

NATIONAL RENEWABLE ENERGY LABORATORY

Use Cases

* Policy analysis — evaluation of
barriers and impacts to RE targets

* Base data for grid integration
analysis

o Production cost models
o Capacity expansion models

* Land use and environmental
impact analysis

e Utility-scale site identification
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Renewable Energy Zone
Support Tool

Geospatial Datasets

Resource Potential <<=

. Al IOW u Se rS to Protected Areas
. . Urbanized Areas
visualize, download, D
and interact with the Terrain Features

...and many more! <€

zones identified by
stakeholders in the
REZ analysis
framework




Renewable Energy Zone
Support Tool

Geospatial Datasets

Renewable Energy Zone

———
——
S

* Allow users to
visualize, download,
and interact with the protectod Areas
zones identified by Urbanized Areas
stakeholders in the o
REZ analysis ...and many more!
framework

Resource Potential




Renewable Energy Zone
Support Tool

Geospatial Datasets

Renewable Energy Zone

e Allow users to
visualize, download, N
and interact with the Protected Areas
zones identified by Urbanized Areas
stakeholders in the TZ:: :::::
REZ analysis ...and many more!

framework

Technical Potential

Data Profile

>
[-3m
3
I~
E
|= ‘% \
S
2

12
annual average |




Economic Potential

* Assess the economic
viability of different
renewable energy
technologies at a high
geospatial resolution

Specify scenarios to
analyze the impact of
incentive schemes or
barriers to renewable
energy deployment

* Aggregate results by
national, state, or sub-
state level

Note: Graphics for illustrative purposes only



Grid Integration Support
Tool

* Allow users to
generate substation-
based RE supply

Substation

curves with associated o
class-based time-

series power profiles

through a combination

of dynamic technical

potential and

generator energy

modeling




Grid Integration Support
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Login Register

Sustainable Growth

Datasets ~ Organizat G
Working Group — Geospatial . B S

Metadata Repository
Integration

Search Your Data

bg. solar, wind, transportation, etc.

Popular Tags @ Geospatial Toolkit

Login  Register

A robust search T~

Working Group - Geospatial

A/ Datasets

mechanism for users

National Renewable ... (6) solar

‘Show More Organizations

[}
to Tind relevant data
Global horizontal irradiance (GHI) averaged annually and monthly from April 2004 to March 2009. Data is
accessible through downloading the Geospatial Toolkit Application for...
a I l O a a a a .
solar (6)

6 datasets found for "solar" Orderby: | Relevance

Global Solar

Direct Solar
India (6) .
Global horizontal irradiance (GHI) averaged annually and monthly from April 2004 to March 2008, Data is
b t - t t - renewable energy () accessible through downloading the Geospatial Toolkit Application for...
W I I I l e I l e r p r I S e natural resources (5)

Geospatial Toolkit (2) 2002-2011 India Hourly Solar Resource

The SUNY model produces estimates of global and direct ifradiance at hourly intervals on the 10-km grid

weather (1) for all of India, as shown on the India solar maps. The data are...

0 . .
GS I Oor Vvisua |Zat|0| | —
’ Show More Tags
. I t .
The monthly and annual direct normal irradiance (DNI) and global horizontal irradiance (GHI) maps were
O T Licenses developed from hourly data spanning January 2002 to June 2012 generated...
GNU Free Documentat... (2)

Show More Licenses The monthly and annual direct normal irradiance (DN and global horizontal iradiance (GHI) maps were
developed from hourly data spanning January 2002 to June 2012 generated...

India Weather Files (Designed to be Used in System Advisor Model)

India weather files developed by NREL for use with the System Advisor Model (SAM). SAM is a
Y Formats performance and financial simulation model that calculates the energy output and cash...

Annual Direct Normal and Global Horizontal Irradiance

Monthly Direct Normal and Global Horizontal Irradiance

this registry using the AP (see API Doc:







EGsT Existing Countries and.Capabilities

* India (TDB)
o Dynamic Technical Potential
o Big Data Downloads
— Solar, Wind — Planned
o CSTEP Site Selection Tool
* Lower Mekong
o Dynamic Technical Potential
* Philippines
o Big Data Downloads
— Wind
o Dynamic Technical Potential — Planned

NATIONAL RENEWABLE ENERGY LABORATORY



EGsT Planned Countries and.Capabilities

 Bangladesh

o Dynamic Technical Potential

* Indonesia
o Dynamic Technical Potential

* Kenya
o Dynamic Technical Potential
* Mexico

o Dynamic Technical Potential

o Big Data Downloads (wind, solar)
 Guatemala

o Dynamic Technical Potential

o Big Data Downloads (wind, solar)
 Nepal

o Dynamic Technical Potential

o Big Data Downloads (wind, solar)
e Afghanistan

o Dynamic Technical Potential
* Pakistan

o Dynamic Technical Potential

NATIONAL RENEWABLE ENERGY LABORATORY



CSTEP and NITI Aayosg







Hands-on Training

EGsT Countries Desktop GsT Countries
« Lower Mekong - * Afghanistan
maps.nrel.gov/gst-lower-mekong *  Bangladesh
' ' e Bhutan
* Philippines - maps.nrel.gov/gst- e Cambodia
philippines « China (Hebei)
* India

e |ndonesia
 Malaysia

* Nepal

* Pakistan

* Philippines
* Srilanka
 Thailand

* Vietnam

* Vietnam (Thanh Hoa)

http://www.nrel.gov/international/geospatial_toolkits.html
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Hands-on Training

* I|dentify the clean energy question you want to explore

* ldentify analysis considerations to frame the question in terms of GsT data layers
and query parameters

* Explore the data layers visually to see the data distribution of important layers and
to gain a general impression of major opportunities and constraints

e Decide initial filtering criteria, starting with a few criteria determined most
impactful

* Conduct quantitative analysis where possible using the technical potential
functionality

* Review results and decide whether further refinement is needed through
sensitivity analysis

* Understand limitations of the GsT analysis and where additional tools or
information could supplement and improve upon this analysis

maps.nrel.gov/gst-lower-mekong maps.nrel.gov/gst-philippines
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Thank You

Technical Questions and Troubleshooting

Nick Grue Jon Duckworth
National Renewable Energy Laboratory National Renewable Energy Laboratory
Tel: +1-303-384-7278 Tel: +1-303-384-7465
Email: nick.grue@nrel.gov Email: Jonathan.Duckworth@nrel.gov

Information About EC-LEDS GsT Activities

Jennifer Leisch Anthony Lopg

USAID Office of Global Climate Change National Renewable 3
Tel: +1-202-712-0760

Email: jleisch@usaid.gov

www.nrel.gov
Resources:
*  Geospatial

http://mawvw.nre " “ N R E I
.html

° Enhancing Capacity for L NATIONAL RENEWABLE ENERGY LABORATORY
Development Strategies:
www.ec-leds.org

partment of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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