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Going Beyond the Publication
NETL’s Energy Data eXchange

a coordination and collaboration platform to 
support science driven R&D
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NETL Research and Development

• Of DOE’s 17 national labs only 1 dedicated to 
fossil energy R&D

– Growing R&D in EERE and BES arenas

• One lab, three R&D locations, one management 
structure

– Government owned and operated (GOGO)

• Both program management/execution and 
fossil energy R&D

– Fundamental science through technology 
demonstrations

Morgantown, West Virginia Pittsburgh, PennsylvaniaAlbany, Oregon



NETL ORD Research

Engineering Solutions using an Integrated Approach

Validated simulation tools to 
predict behavior of 

engineered natural systems: 
reservoir to receptor

Scientific understanding of 
the behavior/properties of 
real materials at conditions

Field-scale data to calibrate 
and validate predictions and 

to establish baselines

System & Process 
Optimization

Monitoring & Data Mining

Field Data Collection

Geomaterials Science at 
Conditions



Energy R&D and the Data Cycle 
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Increasing collection and creation of data, tools, and 
models related to improve R&D efficiency

Several limitations to current methods

Image from : http://www.nature.com/news/scientists-losing-data-at-a-rapid-rate-1.14416

Numerous methods 
to access, interact 
with, and publish 

data, tools and 
models

https://edx.netl.doe.gov

EDX – Why…
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“The Eastern Gas Shales 

Program helped expand 
the limits of gas shale 
production and increased 
understanding of 
production mechanisms.

It is one of the great 
examples of value-added 
work led by the DOE” 

Dr. Terry Engelder - Penn 
State University

EDX – Why cont.

R&D 
data

Other data

Industry 
data

• Use & Re-use - Data often 
meet needs beyond original 
purpose

• Data management is key to re-
use

Pair-wise Differences A B C D E F G H I J K L M
USGS - CSLF

USGS - AtlasI,II
USGS - AtlasIII,IV

USGS - Szulc.
USGS - Zhou

CSLF - AtlasI,II
CSLF - AtlasIII,IV

CSLF - Szulc.
CSLF - Zhou

AtlasI,II - AtlasIII,IV
AtlasI,II - Szulc.
AtlasI,II - Zhou

AtlasIII,IV - Szulc.
AtlasIII,IV - Zhou

Szulc. - Zhou
*white boxes represent statistical differences

Formation

https://edx.netl.doe.gov
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In 2011, EDX was developed for NETL/DOE 
R&D as an innovative solution to these 
challenges by offering: 

• Better coordination of data among NETL 
research teams and with outside collaborators

• Advanced tools for fossil energy research

• Enduring and reliable access to data

EDX is evolves in response to the 
needs of its users and NETL’s 
knowledge transfer goals.

Research teams often encounter problems:
• Finding & accessing pertinent, relevant datasets

• Accessing previously developed data  

• Sharing data resources amongst the team 

• Conducting research across multi-organizational teams

Image from : http://www.nature.com/news/scientists-losing-data-at-a-rapid-rate-1.14416

EDX – Why…
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In 2011, the Energy Data eXchange (EDX),
was developed for NETL/DOE R&D as an 
innovative solution to these challenges by 
offering: 

• A secure, online coordination and 
collaboration platform supports energy 
research, knowledge transfer and data needs

• Enduring and reliable access to historic and 
current R&D data, data driven products, and 
tools

• Both public and secure, private functionalities

Built by researchers for research

Public Access
Enable knowledge 

transfer, data 
reuse & discovery

Secure/Private Access
Support research 

development, collaboration, 
& online analytics

https://edx.netl.doe.gov

EDX aligns to Executive and DOE orders

EDX – What…

https://edx.netl.doe.gov/


Built by researchers,
For research….

EDX aligns to Executive and DOE orders



Key Philosophies

EDX aims to improve efficiency and reduce 
redundancy by:
• Building EDX on the open source platform, CKAN 

– Highly customized

– Enhanced search functionality of existing data repositories 
built on the CKAN platform 

• Discoverability,  connecting users to existing online tools and 
data repositories built on different platforms (e.g., BOEM, BSEE, 
NOAA, NETL, NASA, USGS, etc.)

• Accessibility & Reduce Redundancy, using existing web services to 
connect our users to additional data, while avoid conflicting 
versions of the data

• Leverage private-secure capabilities 

• Ensuring long term access to federally funded products

https://edx.netl.doe.gov

https://edx.netl.doe.gov/


DESIGNED TO WORK WITH:
• ANALYSIS & PLANNING
• DOE HQ, CTO 
• DOE NL’S & OTHERS
• ITD/CYBER SECURITY 
• LIBRARY 
• ORD 
• PASOD
• PROGRAM

Governance, Planning, Coordination



Goal, to serve as an R&D coordination-collaboration platform for 
NETL affiliated R&D

• EDX past, version 1 released end of FY11 
• Discoverability resources & tools, public facing

• Preservation of data resources resulting from NETL affiliated R&D
• Connecting EDX users to publically available, authoritative data 

resources  

• EDX present, version 2 released in FY13 
• Incorporated private sharing capabilities for multi-

organizational R&D teams

EDX constantly evolves in 
response to the needs of its users 

ongoing R&D and DOE’s goals

https://edx.netl.doe.gov

2011 2012 2013 2014

EDX – Past, Present

V. 1 V. 2

https://edx.netl.doe.gov/


EDX Goals:
• Improve accessibility to 

data resources

• Improve discoverability
resources & tools  
• Preservation of data 

resources resulting from 
NETL affiliated R&D

• Connecting EDX users to 
publically available, 
authoritative data resources  

• Offer private sharing
capabilities for multi-
organizational R&D teams

• Facilitating efficient, 
ongoing R&D

EDX Present

https://edx.netl.doe.gov

https://edx.netl.doe.gov/
https://edx.netl.doe.gov/


https://edx.netl.doe.gov

EDX serves as a liaison between datasets and their 
utility to future research

• Contribute Public 
Data

• Contribute Private 
Data until it is 
ready to be 
pushed to Public

• Access outside 
resources

EDX – Workflow

https://edx.netl.doe.gov/


Many Ways to Use…
Portfolios Search

Contribute

Share & Collaborate

Tools & Apps

https://edx.netl.doe.gov

https://edx.netl.doe.gov/
https://edx.netl.doe.gov/


https://edx.netl.doe.gov

Search or sort for data based off 
keyword, file type, data source, 

and spatial location

Public Sharing & Accessing 
DataAligns to Executive and DOE orders

https://edx.netl.doe.gov/


https://edx.netl.doe.gov

Search or sort for data based off 
keyword, file type, data source, 

and spatial location

Contribute datasets and links with 
an EDX account to the public or a
private collaborative workspace

Contributing Resources

https://edx.netl.doe.gov/


https://edx.netl.doe.gov

EDX – Sharing & Accessing 
Data

Share data through social 
media, groups, and 

workspaces

Save datasets to your 
library or follow datasets

for updates 

Click on a dataset to learn more 
– can preview datasets and 

access links or download data

https://edx.netl.doe.gov/


https://edx.netl.doe.gov

Sharing & Accessing Resources

Keep track of public or 
private resources you have  
contributed, followed, or 

added to your library

https://edx.netl.doe.gov/


https://edx.netl.doe.gov

Private Collaboration

Foster & nurture ongoing 
R&D with outside partners 

through secure collaboration

Share & Collaborate

Tools & Apps

https://edx.netl.doe.gov/


https://edx.netl.doe.gov

If EDX does not have access to 
the data you are looking for, we 
work to point you in the right 

direction…

Integration with in house and 
external tools, models and data 

directly within EDX

Integration with Web Services & Portals

https://edx.netl.doe.gov/


https://edx.netl.doe.gov

Example - EDX in “normal” data scenario

https://edx.netl.doe.gov/


EDX – Next Steps

https://edx.netl.doe.gov

2011 – R&D, planning

2012 – Version 1 release, data discoverability/accessibility

2013 – Version 2 release, secure sharing for R&D

2014 – Growing and evolving, more advanced features and 
functionality, content (data, tools) 

2015 and beyond – Version 3, emphasis on “big data”,  
online analytical capabilities, partnerships with others

2015 2016 2017 2018
Continue to expand 
multi-organizational 

collaboration 
functionality

2015+ Emphasis on 
online analytics 

capabilities

Version 3      



Energy R&D and Big Data

https://edx.netl.doe.gov

+

+…+



Current EDX Topology

https://edx.netl.doe.gov

https://edx.netl.doe.gov/


EDX – Community



 ESRI Libraries: Clipping GIS data for target area(s) of interest from national datasets

 HDFS: Hadoop filestore that is replicated (similar to RAID) across the Hadoop cluster nodes. HDFS is self-healing

 HBase: Non-relational database that is distributed across Hadoop nodes to enable parallel data query by Hive. Enables users to create 
tables from data stored in HDFS.

 Hive: Uses SQL-like query language that generates MapReduce code based jobs to analyze data stored in HBase. Jobs run in batch and 
are not interactive 

 Map/Reduce: Programming paradigm on how to approach/solve data problems. It was created by Google as an approach to index and 
get meaning from all of the data on the internet. Consists of two components: Map() and Reduce():

○ Map() function (typically written in Java) that executes on the data on each node to operate on the data where there data res ides in the 
cluster. Generates output processed by the Reduce() function.

○ Reduce() function aggregates the output of the Map() function to output a combined list. 

 Spark: In-memory data analysis that is a faster alternative to Hive for Hadoop clusters with high amounts of available RAM

SYSTEM ARCHITECTURE:

3 major components that comprise the 
enhancement of EDX architecture for version 3:

1. Common communication and service 
invocation components

2. Hadoop Ecosystem components

3. Collaboration components

4. Modeling and Simulation components

EDX Version 3 Architecture



DOE Crosscuts, Subter Example

www.energy.gov/about-subsurface-tech-team-0

http://www.energy.gov/about-subsurface-tech-team-0


EDX Version 3 – Big Data, Scalability & Community

• Big Data related challenges will 
benefit from advanced 
computer science based 
solutions to the data gathering, 
fusion, management and 
utilization

• Combined with appropriate 
hardware, has the potential to 
offer EDX users functionality to 
support management and R&D 
analytical needs 

• Addresses need for scalable
architecture & storage going 
forward  

• Leverage EDX “community” 
capabilities for DOE R&D needs

EDX 
System

Interaction Workflow Diagram

EDX Tools
(Induced Seismicity)

HPC

Tool 
Integration 
Framework

Job Launcher

ESRI Tools 
(Spatial Framework, 

Geometry API)

Other 
Tools / APIs

Hadoop

                                               

Velo
Job Management

(YARN/Hive/Spark)

...

ArcGIS Server
(e.g., GP, Feature, 

Map Services )

Internal NETL Network

ArcDesktop
Server

Via CITRIX/RDP

(e.g., ArcMap)

Via web services

File Store
Database 

(e.g. H-Base)



Public Service of Colorado Ponnequin Wind Farm

Evaluating Induced Seismicity with 
Geoscience Computing & Big Data –
A multi-variate examination of the cause(s) of increasing 
induced seismicity events

Kelly Rose, Principal Investigator  
National Energy Technology Laboratory
Geology & Geospatial Team Lead
1450 Queen Ave. SW, Albany, OR  97321
541-967-5883
Kelly.rose@netl.doe.gov

April  28, 2015

SubTER
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Scope of Work – Project Objectives

• Develop tools and approaches to manage multiple heterogeneous datasets

• Develop a probabilistic approach that can be utilized to assess potential for induced seismicity
impacts through big data analyses

• Develop stochastic approaches to reduce uncertainty and constrain subsurface trends

• Improve joint analysis of multiple datasets, focus on advancing “Big Data” mining and integration
techniques to improve knowledge and reduce uncertainty about subsurface systems through
advanced geoscience computing

Seedling Phase Analysis:  Spatio-Temporal Earthquake Distributions Vs. Fault and Surface Water Distributions

data source:  OGS 2015



Scientific/Technical Approach – Big Data

Characteristics of “big data1:”
• The volume of information that systems 

must ingest, process and disseminate
• The velocity at which information grows 

or disappears
• The variety in the diversity of data 

sources and formats

Project leverages technologies & 

approaches in the “big data” 

revolution to support:
• Efficient data mining 
• Integration of large and complex data sets 

from structured, unstructured, and/or 
distributed sources 

• Data spanning a range of scales

Seismic
Hydrocarbons

Infrastructure

Geology

Wells
Geography

Climate

Injection
Production

Reservoirs

Big data science and 

computing capabilities 

are rapidly evolving & 

emerging for geoscience 

needs

Big Data Research journal 

initiated in 2014

1Wu, Z., and Chin, O., 2014, From Big Data to Data Science: A Multi-disciplinary Perspective, 
Big Data Research, v.1: 1.   http://dx.doi.org/10.1016/j.bdr.2014.08.002

http://dx.doi.org/10.1016/j.bdr.2014.08.002


• Traditional statistical methods focus on drawing conclusions 
about a population from a limited set of data points

• Opportunity to use advanced statistical principles to 
downselect and extract information from large heterogeneous 
datasets at multiple scales – Big data for geosciences

• Spatio-temporal statistical models to incorporate both 
continuous and categorical measurements 

– Generate predictions across regions from both structured and 
unstructured data 

– Use information from this time or location, to say something about 
what will happen in the future, or over there!

• Uncertainty characterization, quantification, & communication

• Develop means of providing efficient data reduction and 
assimilation of large volumes of near-real-time monitoring data 
for rapidly updating predictions of subsurface behavior

• Develop hierarchical and dynamic inversion approaches 

• Consider the multi-scale nature of the subsurface & information 
about antecedent conditions and uncertainty quantification

Scientific/Technical Approach – Spatio-Temporal Statistics

When utilized for subsurface analysis and exploration, spatio-temporal statistics can help 
characterize the uncertainty and support analysis of one or more data sets…

… to effectively guide 
research, management and 
policy decisions and drive 

advance computation 
analyses to reduce 

subsurface risk



EDX as a Dashboard for R&D Resources

Seismic
Hydrocarbons

Infrastructure

Geology

Wells
Geography

Climate

Injection
Production

Reservoirs

https://edx.netl.doe.gov
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This particular project illustrates the 
EDX “community” goal of making 

resources discoverable and useable 
efficiently to support DOE R&D 

needs to mutual benefit

Offshore 

Resources

Multi-Organizational Team Supports EDX Philosophy



“A model for web security.”

“EDX is like FaceBook
for nerds!”

“I’ve wanted a tool like this at NETL for 
years.”

“EDX is a one-stop shop for energy 
related data and information.”

“I was pleasantly surprised at how 
inviting and user friendly geoWELL is.”

“I had a chance to look through your 
"Energy Data Exchange" site, and it 
looks fantastic!"

https://edx.netl.doe.gov

• AARA Carbon Data 
(over 10,000 files)

• NRAP
• Futuregen
• DOE Subter Crosscut
• USGS NGGDPP, National 

Geological and Geophysical Data 
Preservation Program

• NSF Earthcube
• Data.gov
• NGDS
• Multiple universities, 

state & federal systems

Collaborations and 
Alignment With:

EDX – Feedback & Collaboration



Contact Information:

EDX Support - EDXsupport@netl.doe.gov

Kelly Rose - Kelly.rose@netl.doe.gov

https://edx.netl.doe.gov

Thank you!!!

Built by researchers for research

Public Access
Enable knowledge 

transfer, data 
reuse & discovery

Secure/Private Access
Support research 

development, collaboration, 
& online analytics

EDX aligns to Executive and DOE orders

mailto:edxsupport@netl.doe.gov
mailto:jennifer.bauer@contr.netl.doe.gov

