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1.0 DataHUB 

The objective of the DataHUB, a key capability within the Lightweight Materials Consortium, known 
as LightMAT, is it to provide secure, timely, easy, and open access to data produced by LightMAT 
consortia, which includes a network of 10 U.S. Department of Energy (DOE) national laboratories with 
technical capabilities highly relevant to lightweight materials development. The LightMAT DataHUB 
will collect, store, catalog, process, preserve, and disseminate all significant LightMAT data, including 
codes, models, experimental, simulated data, and journal publications, using state-of-the-art technology 
while conforming to or defining industry data standards and leveraging existing tools. 

To meet the DataHUB’s objectives, a kickoff meeting was held at Pacific Northwest National 
Laboratory (PNNL) in Richland, Wash., on April 06-07, 2016 that included participants from several 
DOE national laboratories, universities, and other institutions, including: Ames, Argonne, Idaho, Los 
Alamos, Lawrence Livermore, Oak Ridge, and Sandia national laboratories and the National Renewable 
Energy Laboratory (NREL).   

A breakout session was held to review current materials databases, examine DOE laboratory material 
data practices and policies, and identify current gaps. The attendees brainstormed a list of capabilities 
needed in the short, medium, and long term and ranked these needs based on ease, impact, and priorities. 
By the end of the session, a DataHUB team was formed. Since then, the team has been meeting bi-
monthly to discuss short-term priorities, standards, and use cases. As a first order, the team decided to 
evaluate existing portals based on the use cases to build the DataHUB.  

This report describes the results of evaluating the digital data platforms and analyzing data 
management tools for the LightMAT DataHUB. It details the selection process for a digital platform, 
including an initial investigation of several candidate platforms; the process for narrowing the choices; the 
creation of a use case; and a demonstration of the final two candidates and what led to the 
recommendation of the Comprehensive Knowledge Archive Network (CKAN), an open-source data 
management system. The goal was to select an appropriate digital data platform based on the DataHUB’s 
data and information priority requirements (Appendix A). 

1.1 Definition of a Digital Data Platform 

In this report, a digital data platform or digital repository is a mechanism for managing and storing 
digital content [1]. Digital content is any material that can be stored online, ranging from papers (PDF or 
Word) to data (CSV) to media (audio, video, or images). Digital platforms provide a centralized location 
for users to access, search, and upload content relevant to the site’s purpose.  

Currently, the DOE Vehicles Technology Office does not have a general capability or process to 
preserve, archive, and provide access to data produced by its projects or Funding Opportunity 
Announcements (FOAs). The data are stored by the principal investigators in their home institutions and 
are not easily accessible by other users. The information is vulnerable to loss, and there is potential 
duplication of projects and related efforts, which, ultimately, diminishes adoption of technology in the 
market. The Presidential Executive Order on Open Data Policy Memo M-13-13 is a directive to 
government agencies to manage information as a strategic asset throughout its life cycle—from creation 
or collection to disposition—so by default it remains open, accessible, and publicly usable while ensuring 
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safeguards to protect individual privacy, confidentiality, and national security (as applicable). The 
LightMAT website is a central location for users, ranging from scientific to industry, to search for 
lightweight material capabilities hosted by the national laboratories in consortium. With a digital data 
platform, LightMAT will be able to host datasets related to materials science experiments and research 
generated by the projects funded by the LightMAT consortium. More information about LightMAT and 
its current capabilities is available at lightmat.org [2].
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2.0 Feature Selection 

The first step in the selection process involved compiling a list of 43 different features to examine 
digital data platforms. These features were used to differentiate the numerous repository software 
platforms available, providing a baseline for comparison.  

These features were further divided into subcategories. These subcategories included: storage 
capabilities, application program interface (API) support, and data upload/download capabilities. Some 
important features examined as part of this process were:  

• Customization 

• Difficulty in installation  

• Free and open source 

• Support of various file types 

• Customizable metadata fields 

• Ability to create custom user accounts 

• Privacy controls. 

The full list of the features along with brief descriptions of each can be found on the “Digital 
Repositories Feature Descriptions” (Appendix B). 

2.1 Repository Types: Generic and Niche 

For this investigation, digital repositories were classified into two categories: generic and niche 
repositories. 

A generic repository provides a general solution and architecture to the problem of how to store 
digital content. By default, generic repositories tend to be open source. They usually have a generic 
repository hierarchy to store and organize content, generally involving different subsets. Also, they are 
designed to store any file types and tend to be highly customizable. For the most part, these are widely 
used by governments, universities, and research centers to store content. 

Some of the pros of using a generic repository are that site administrators have fine granularity 
control over user access. In addition, users have the ability to upload diverse file types, and they are easy 
to start using immediately. Furthermore, generic repositories tend to be flexibile, allowing developers to 
customize the software, as well as create their own plugins. However, because the software is designed 
for generic use, it may not have the desired specific functionality or features. As such, developers will be 
forced to create any capability that does not already exist. In the course of investigating generic 
repositories, it was clear there were none with functionality designed specifically for materials science, 
such as analysis tools. 

A niche repository is a digital repository software platform tailored to collect and store digital content 
for a specific niche or goal. For niche repositories, there is a mixture of open-source, free, and Software-
as-a-Service (SaaS) options. They tend to have a specific repository structure designed for its purpose and 
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to support specific file formats only. They also provide additional support, resources, and capabilities for 
that niche. For example, a niche repository designed to store only videos, such as YouTube, also allows 
users watch videos directly on the site. 

The advantage of a niche repository is that if the digital content fits the software requirements, it can 
provide extensive capabilities, features, and tools. However, if the data needs do not match the repository 
capabilities, it is challenging to take advantage of its full features. For example, a person can write an 
essay in Excel, but she/he would not be using the software to its full extent or for its main purpose 
(spreadsheet calculations and data organization). Another downside to niche repositories is their lack of 
customization and flexibility with the software. Users can be confined by the software limitations (e.g., 
file formats) and may be unable to create custom plugins or have to purchase additional features. Finally, 
if the software is not open source, there also is the potential risk of vendor lock-in. 

2.2 Repository Comparison 

For this investigation, seven generic repositories and five niche repositories (Table 1) were 
researched. Each of the niche repositories is related in some way to materials data, structured data, or 
materials science. 

Table 1.  List of Repositories Investigated 

Generic Repositories Niche Repositories 
DSpace  
Fedora Commons 
CKAN  
DKAN  
Dataverse 
HUBzero  
Digital Commons 

Granta  
Materials Commons 
Socrata 
Materials Data Facility (Globus) 
Citrine  
 

For each digital repository, the 43 previously mentioned features were investigated and evaluated 
with results compiled in an online spreadsheet. Next, the platforms were evaluated and compared against 
each other using the features as a guideline. The descriptions for the repositories can be found on the 
“Data Portals–Platform Comparisons” spreadsheet (Appendix C). 

After comparing the 12 repositories, four platforms, DSpace, CKAN, DKAN, and HUBzero, were 
investigated and tested. These four were selected, in part, because they are open source, free, able to store 
any type of digital content, and are fairly customizable in terms of appearance and content management. 
In addition, they had key individual qualities that could clearly benefit the LightMAT DataHUB. 

DSpace is easy to install “out of the box,” has a robust dataset organization structure, and maintains 
robust community support (it is used by more than 1000 organizations). CKAN is especially customizable 
with the ability to create plugins/extensions, along with built-in preview and visualization tools, a decent 
dataset organization structure, and mature search capabilities. DKAN essentially is CKAN built on 
Drupal. As such, it has capabilities similar to CKAN with additional access to more than 10,000 Drupal 
modules. Finally, HUBzero is able to host simulation and modeling tools on the platform through a 
graphical user interface (GUI). 



 

 5 

Notably, none of the niche repositories were subjected to detailed investigation because their 
specifications did not meet LightMAT’s needs for materials science data and information storage. Granta 
had a robust modeling tool for materials science data. However, to extend its capabilities, users must 
purchase addition software packages. Furthermore, it solely focuses on storing material properties 
information in a specific format, limiting the information that can be uploaded. The Materials Data 
Facility is a hosted repository site, which means users only have control over their own communities and 
collections and none over content layout or permission settings. The Materials Data Facility was 
implemented in 2014, and the “discovery” side of the site is not fully developed at this time. The public 
side of Citrine is all open data, which conflicts with LightMAT’s goal to also host proprietary data on the 
DataHUB. Citrine also was designed to host tabulated data in a specific format, which may not be 
supported by the overall materials science community. 

2.3 Level of Support for Materials Science 

To narrow down the four platforms (DSpace, CKAN, DKAN, and HUBzero), additional 
investigations regarding the level of support each one provides for using and integrating software 
applications, particularly materials science applications, were conducted. 

The investigation began by searching for current material science repositories using any of the four 
platforms. The purpose was to examine if any such repository sites already existed and if they 
incorporated material science software tools into their platforms. However, none of the four repositories 
appeared to use any materials science web applications. For example, the National Institute of Standards 
and Technology (NIST) Materials Data Repository is a DSpace repository for materials data, but it only 
uses the basic DSpace software and does not have any specific customizations with regards to materials 
science [3]. 

Next, materials science plugins were investigated for each of the data platforms. No materials science 
plugins currently exist for any of the platforms. As a result, the search expanded to encompass plugins 
that could potentially be used for materials science. This included looking for visualization, graphing, and 
analysis plugins. 

DSpace does not have any visualization, graphing, or analysis plugins that can be used for materials 
science. CKAN has several plugins that extend its default graphing and visualization capabilities 
(ckanext-graph, ckanext-basiccharts, ckanext-mapviews, and ckanext-odata), a plugin for the Java client 
library (ckan4j), and a plugin for the Drupal module od_package (ckanext-drupal). However, CKAN 
currently does not have any plugins for data analysis. For DKAN, the dj.js Drupal module and “Viewer 
for 3D model” module provide extensive visualization support, as well as the FusionCharts module. 
HUBzero does not have any plugins that support materials science analysis, but it does have built-in 
functionality to host user-created software tools on the site. 

Finally, materials science libraries; scientific/numerical libraries for the programming languages used 
by the platforms (Table 2); and popular languages, such as MATLAB, were evaluated. This information 
is useful to know if and when deciding to create a materials-science-specific plugin in the future. 
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Table 2.  Repository Programming Languages for Plugins 

Repository Software Programming Language 

DSpace Java, XML 

CKAN Python 

DKAN Drupal 

HUBzero Joomla! 

Pymatgen is an open-source Python library for materials analysis [4]. This library currently serves as 
the core analysis code that powers Materials Project, a website that hosts several material analysis tools 
[5]. Python also has numerous libraries used by the general scientific community, including Numpy, 
Scipy, and MatPlotLib. Too, Python has language wrappers for C, C++, Fortran, Java, R, and MATLAB 
[6][7]. For Java, there are no specific libraries designed for materials science. However, there are several 
scientific Java libraries, such as Colt, ND4J, and Jblas [8]. MATLAB does not have a materials science 
toolbox, but several of its existing toolboxes can be leveraged for analysis, such as the Statistics and 
Machine Learning Toolbox and the Partial Differential Equation Toolbox [9]. Currently, Drupal and 
Joomla! do not have any libraries related to materials science.
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3.0 Installation and Testing 

To test and validate the repositories, DSpace, CKAN, and HUBzero were installed on separate 
Amazon Web Services (AWS) instances. This provided an opportunity to investigate the ease of the 
installation process, the functionality of the advertised features and capabilities, and the ability to install 
plugins and customize each data platform. A DKAN instance was not installed because it has similar 
capabilities to CKAN. In this case, it was more productive to test a CKAN installation before testing a 
DKAN installation. Additionally, because DKAN is a Drupal clone of CKAN, it lagged behind CKAN in 
available functionality and could lack necessary capabilities already available in CKAN. 

3.1 Installation and Testing: CKAN 

CKAN was installed on an AWS Elastic Compute Cloud (EC2) instance that included CKAN version 
2.4 source code. Setting up the CKAN instance was relatively straightforward. By following the online 
CKAN documentation, the configuration file was set up for the instance [10]. The only challenge 
involved setting up the Solr server. The 2.4 documentation recommends deploying Solr using a servlet 
container, e.g., Jetty web server. However, recent versions of Solr are deployed as independent servers 
and not in a container [11].  

The out-of-the-box CKAN installation had basic search, organization creation, group creation, and 
dataset upload abilities. Examples of these features implemented can be seen at demo.ckan.org [12]. By 
default, CKAN has the following search facets: organizations, groups, tags, file formats, and licenses. The 
facets displayed can be changed via plugins. Site administrators also can add new users, organizations, 
and assign permission levels to users. 

Plugins implemented on the site were controlled via the CKAN configuration file. The CKAN 
DataStore was configured, as well as several data preview and visualization plugins. With the DataStore 
and visualization plugins enabled, data previews via tables and custom graphs became available. Active 
plugins also included a PDF and text file dataset preview option. When the ckanext-hierarchy plugin was 
enabled, it allowed subsets of organizations, which provided better data organization capabilities. 

3.2 Installation and Testing: DSpace 

DSpace version 5.6 was installed from source on an AWS EC2 instance. The installation instructions 
were clear and precisely stated the necessary steps to install the platform, including prerequisite software 
requirements [13]. 

The out-of-the-box DSpace instance allows administrators to create communities and collections and 
control user permission settings. By default, it has search facets for author, collection, subject (based on 
keyword entries for datasets), date issued, and title. The DSpace instance also comes with built-in dataset 
embargo capabilities. Examples of these features can be seen at demo.dspace.org [14]. Because DSpace 
was installed from source, all of the code used was accessible, including XML (eXtensible markup 
language) files, which affords customization (as needed). The DSpace documentation site contains clear 
instructions about how to customize and modify the installation [15]. 
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DSpace also has two user interfaces: xmlui and jspui. The two interfaces provide slightly different 
ways for users to interact with the site (layout and visualization of the repository). The Mirage2 theme 
was used for the XML user interface, which has a “cleaner” look and an interface that is easier to 
manipulate than the XML default.   

3.3 Installation and Testing: HUBzero 

For HUBzero, a pre-installed AWS instance was used that created the website and made it 
immediately accessible. However, continued investigation of the site revealed it did not have mature 
search capabilities when searching for resources or datasets. The site allows users to search by tags and 
keywords, as well as filter resource type, but it did not have faceted search options, such as author and 
date issued. 

In addition, if users search specifically by a resource category, they can only filter search results by 
selecting a single tag and by the resources using that tag. This process involves clicking and scrolling on 
adjacent panels, which can be time consuming and inefficient for a large number of tags. If users aim to 
use an actual search box, they initially must search all resources, select a resource, and then can search by 
multiple tags. Because of this inefficient search design, HUBzero was eliminated from review.
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4.0 Demo and Use Case 

After installation and testing, CKAN and DSpace were presented and demonstrated to the entire 
LightMAT DataHUB team. The demonstration consisted of a use case that involved creating a custom 
form so a user could upload a materials science dataset for both data platforms. This meant designing the 
upload form based on a given outline and implementing the desired features listed on the form. The stated 
features included custom metadata fields, custom vocabularies for users to select for specific fields, the 
ability to have different selection types (checkboxes, dropdown menus, or free text), metadata fields that 
appear only if the appropriate field has been selected previously, and options to select the access level of 
the dataset (public, private, or embargoed). The form outline is available in Appendix D. 

4.1 Demo and Use Case: CKAN 

A custom plugin created the CKAN form. Within the plugin, the metadata fields and the custom 
vocabulary for material type, data type, model type, and experiment were created. It was possible to 
implement radio buttons, check boxes, and drop-down fields for the specified metadata fields. 
Furthermore, the form was set up so the additional model type and experiment type fields would only 
appear on the form if “Model” or “Experimental” was chosen for data type, respectively. Otherwise, they 
would remain hidden. In addition, it was possible to design the form for users to select if the data were 
public or private. However, creating an embargoed dataset is not a default feature for CKAN. Still, it can 
be implemented using a custom plugin. NETL’s Energy Data eXchange website is an example of a 
CKAN site using a custom plugin for embargoing datasets, as well as a general example depicting how 
CKAN can be customized and designed [16]. 

There was a slight learning curve to create plugins for CKAN. However, once understood, it was 
straightforward to compile and install on the CKAN instance. The actual plugin code is divided into two 
parts: Python and HTML Jinja templates. The Python code is used to set up the custom metadata fields, 
define the vocabulary and tags for each field, create the metadata schema, and create functions to call 
from the HTML template. The HTML templates, if included, override the default templates used to 
display site pages. They also define the selection (drop-down menu, checkbox, etc.) type for metadata 
fields and configure the optional fields to hide or appear. Images of the form are featured in Appendix E. 

4.2 Demo and Use Case: DSpace 

For DSpace, modifying the item-submission.xml and input-forms.xml configuration files created the 
custom form [17]. First, a custom metadata schema was defined on the repository site using site 
administrative privileges. With the item-submission.xml configuration file, the demo collection was 
specified to use a custom submission process. By default, DSpace has a set of default submission steps 
that correspond to one or more pages: Select Collection, Describe, Upload, Review, License, and 
Complete. The “Describe” step controls metadata entry, which can be manipulated with the input-
forms.xml configuration file. Steps can be added or removed, and a developer should be able to create a 
custom step. 

The customized input-forms.xml configuration file created custom vocabularies for metadata fields 
and assigned radio buttons, check boxes, and drop-down lists for appropriate metadata entries similar to 
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CKAN. However, it was not possible to display or hide metadata fields if a specific value was chosen for 
another field. For example, it was not possible to have the model type field appear if “Model” was chosen 
for dataset type or be hidden otherwise. DSpace claims this feature is available, but it did not work as 
expected when implemented. Finally, DSpace has a built-in dataset embargo capability that allows users 
to select the privacy level of the dataset for the custom form. 

Creating the custom upload form was relatively straightforward in DSpace. The documentation 
plainly explains how to customize the upload process. The main roadblock in using DSpace was its 
inability to have fields hide or appear, despite steps in the documentation indicating this capability was 
available.  

The CKAN demo form was easier to create and customize than the DSpace form. In contrast to the 
DSpace item-submission.xml and input-forms.xml configuration files, CKAN afforded more control over 
the form design using the plugin’s HTML templates, such as being able to control the visibility of 
metadata entry fields. To change the aesthetics of the form in DSpace, the platform source code must be 
modified.
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5.0 Conclusion 

Based on the CKAN and DSpace demonstrations and the process of creating a form to mimic the use 
case, the LightMAT DataHUB team decided to use CKAN for the digital data platform. While both 
CKAN and DSpace share similar capabilities, e.g., controlling user access permission, dataset visibility, 
and search and discovery tools, CKAN was more modular and flexible. CKAN also has a larger number 
of available plugins, including options for dataset preview and visualizations. CKAN customization via 
plugins allows developers to avoid modifying source code to make changes to the site and makes unit 
testing of new features easier. CKAN plugins also can be easily activated or deactivated from the site 
using the single configuration file, which simplifies implementation and testing. Although DSpace uses 
several configuration files that need to be modified to customize the repository site, any updates and 
changes must be made from those files. This increases the amount of code and can lead to code 
management issues. CKAN’s greater modularity and customizability will allow the DataHUB team to 
configure the site to satisfy the needs and requirements of the LightMAT DataHUB. For example, 
modifying the search facets displayed on the site to better facilitate search and discovery capabilities for 
users. The LightMAT DataHUB team currently is in the process of building its digital data platform with 
CKAN. 
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LightMAT DataHUB Digital Repositories Feature Descriptions 

Selling Point(s) 

• Selling point: What makes this software great (highlight key capabilities)? 

Deployment 

• Installation: Is it a service install or own installation package (i.e., done by yourself)? 

• Prerequisites: Software prerequisites for the repository. 

• Automatic System Upgrades: Does the repository software update automatically? 

Cost 

• Open source: Is the software is publicly available? 

• Fees: Does the software charge for use? 

Data Files 

• File support: Repository supports and is able to upload/store different types of files. 

Datasets 

• File grouping: Ability to group different files into one dataset. For example, combining an excel file 
and a research paper into one dataset. 

• Unique identifiers: Does the repository have unique, persistent ways of identifying datasets (unique 
URLs, Digital Object Identifiers, etc.)? 

• Quality control: Whether the repository software can run quality control checks on datasets 

Data Analysis 

• Graph data/run analysis: Ability to run analysis on data or graph data while on repository site. 

• Custom graphs/analysis: Does repository allows plugins of custom graphs and analysis? 

• Preview data: Can users preview data on the repository site without having to download it? 

• Site analytics: Does the repository provide site analytics (i.e., Google Analytics)? 

Data Organization/Repository Structure: 

• Dataset organization: The default organization of datasets in the repository. 

• Flexible repository structure: Ability to create a custom repository structure beyond the default 
structure. 

Storage 

• Storage limits: Amount of datasets that can be stored in the repository. 
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• Storage site: Where the datasets for the repository are stored (in-house server, software companies 
server, local, remote, etc.). 

• Data backups: Can datasets be backed up, either manually or automatically? 

Metadata 

• Customizable metadata fields: Can administrators create, customize, or add metadata fields to the 
repository? 

• Schema(s): Specific metadata formats that the repository supports. 

• Required fields: Are there required metadata fields imposed by the repository? Can fields be made 
required? 

User Access 

• Different user types: Are there multiple user classes with different levels of access to the repository 
(i.e., administrator [admin]; editor)? 

• Customize user types: Ability to create custom user types with different levels of access to the 
repository/permission levels. For example, controlling who can view/search for datasets and 
download or upload datasets, etc. 

Programming Language 

• Programming language(s): What programming language(s) is the repository software written in? 

Application Program Interfaces (APIs) 

• API Support: Does the software have APIs for accessing the repository (downloading datasets, 
searching datasets, uploading datasets, etc.)? 

Import Data 

• Upload limit: Maximum dataset size that can be uploaded to the repository. 

• Required upload form: Do datasets imported into the digital repository have to follow a specific 
format/form? 

• Customizable upload form: Ability to create own format/form that users must use to upload 
datasets. 

• Upload methods: How can datasets be uploaded to the repository? 

• Peer review: Can datasets be reviewed before being uploaded? 

Export Data 

• Download limit: Limit on how much data can be downloaded at once. 

• Export multiple datasets: Are software users allowed to download all related datasets at once or 
only individually? 

• Download methods: How can datasets be downloaded from the repository? 
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• Specify export location: Can users specify a location to export data (via link, ssh, etc.) beyond the 
web interface? 

Plugins/Extensions 

• Plugins/extensions: Are there existing plugins/extensions for the repository? 

• Create and customize plugins: Does the repository have the ability to create, customize, or extend 
plugins? 

• Plugin programming language(s): Programming languages used for plug-ins/extensions. 

Version Control 

• Dataset version control: Can the repository provide version control for datasets? 

• Update datasets: Does the digital repository allow users to update existing datasets? 

• Archive datasets: Can users archive datasets and access older dataset versions? 

Search 

• Faceted search: Ability to filter search results based on fields/metadata fields. 

• Browse options: Categories immediately available to filter by. 

• Open access: Can people outside the company see the repository (disregarding user level)? 
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Use Case Submission Form Outline 

Log in: capture user name, institution, etc. 

Submit Dataset (Enables a form) 

• What material was used in the project  (drop down) 

– Magnesium 

– Copper 

• What kind of data is it? (drop down) 

– Model  

– Experimental 

• Modeling (drop down, appears if “Model” is selected) 

– Micro (drop down) 

○ Run a 

○ Run b 

– Macro (drop down) 

○ Macro run a 

○ Macro run b 

• Experiment  (check box, appears if “Experimental” is selected) 

– Equipment A (check box) 

○ Classifier A 

○ Classifier B 

– Equipment B (check box) 

○ Technique C 

○ Technique D 

• Description of data: (free form text) 

• Key words (free form text) 

• Processing technique (free form text) 

• Access (option button) 

– Open 

– Embargoed 

○ Start Date (calendar) 

○ End Date (calendar) 
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– Proprietary 

Button to upload dataset 
 
Button to submit the form 
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Figure E1. The custom upload form used in the demonstration. 
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Figure E2. The custom form for the CKAN demonstration with Experiment fields visible. 
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