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ABSTRACT 

 

Knowledge of geofluid properties (both physical and 

chemical) is essential to determine the overall 

geothermal energy production potentiality. 

Thermodynamic properties and reaction kinetics 

indicate how much exergy is available from the 

reservoir and the challenges in geothermal power 

production. Geofluid properties are analyzed in four 

modules: i) equation of states (EoS), ii) reaction 

kinetics, iii) reservoir modelling, and iv) flow assurance 

simulation. However, knowledge gaps exist in these 

models and simulation techniques for conventional and 

supercritical geothermal systems.  

GEOPRO project deals with improving the accuracy 

and consistency of key thermodynamic & kinetic input 

data and the accuracy of the related models. This paper 

will describe the development of an open knowledge 

base that enables geothermal plant designers and 

operators to optimum utilization of geothermal 

resources. The knowledge base will store 

thermodynamic equations, reaction kinetics, reservoir 

models and flow assurance simulator. Plant designers 

will be able to formulate the maximum possible energy 

extraction from a reservoir. In addition, plant operators 

will be able to understand flow situation such as scale 

formation, corrosion, erosion, outgassing, cavitation, 

etc., to maximize uptime and operational effectiveness.  

This KBS will contain open-source codes, data and 

models of equations of state, correlations, constitutive 

relationships, etc., for the stakeholders/users to use or 

attach as modules to their own codes and workflows. 

This system could later grow to include analytical data 

of natural geothermal fluids, reservoir models etc. Data 

libraries will be added corresponding to the geofluid 

composition, temperature and pressure relationships, 

models and their applications on different scenarios and 

populated with all known current data after processing 

for accuracy and utility. Where there are gaps in data, 

users will be guided to relevant libraries that contain 

generic data. The importance of these libraries will 

increase with more data being recorded and stored.  

Later this Knowledgebase system will be integrated 

with the GEOPRO decision support system (DSS) that 

will incorporate tools such as life cycle analysis (LCA), 

levelized cost of energy (LCOE), etc. 

 

1. INTRODUCTION  

The possibility of optimizing existing geothermal plant 

operations efficiently, economically, and minimally 

disrupts to the environment depends on all components 

of the plant system, i.e., reservoir, wellhead and energy 

generation components, and reinjection. The equation 

of states (density, enthalpy, specific heat capacity, 

entropy, etc.) depends on the temperature, pressure and 

chemical composition (TPX) of the geofluid. These 

thermodynamic properties and reaction kinetics 

indicates how much energy is achievable from the 

reservoir, and what types of challenges (scaling, 

corrosion, erosion, gas effects, etc.) need to be 

mitigated for geothermal power production.  

Understanding and characterizing geofluid properties is 

one of the important research areas and several ongoing 

studies are in progress. But the research data are sparse, 

and one cannot use them readily due to a lack of enough 

background information and accessibility. Uploading 

research data directly to a repository is not enough 

because data may be of low quality, may have errors, 

or some part is missing. Another problem is that not 

enough metadata is available. Metadata is descriptive 

information on data that other researchers can use. All 

these problems restrict the power of the data. To 

overcome this issue, we have developed an open 

Knowledgebase system (KBS). The KBS separates the 

query interface from the data storage, opens and 

connects the underlying metadata to other metadata 

sources. This allows much greater freedom, and users 

are no longer restricted querying one set of metadata. In 

addition, the KBS is flexible about the type of data it 
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can incorporate, and GEOPRO consortium members 

can include their data anytime that suits them. 

This paper has been developed under the scope of 

Horizon 2020 project GEOPRO project– ‘Accurate 

Geofluid Properties as key to Geothermal Process 

Optimisation’. GEOPRO project deals with geofluid 

properties or processes used to determine the overall 

geothermal energy production potentiality. During the 

GEOPRO project period, industrial and academic 

partners will conduct a range of experiments. These 

experiments will generate datasets for equation of 

states, reaction kinetics, reservoir modelling, and flow 

assurance simulation. To facilitate the consortium 

partners to organise data and make it available in an 

adequate format to their peers, the KBS will be used.  

All these data and relevant open-source models will be 

made available, accessible, and usable by everyone so 

that advances in scientific understanding happen faster. 

After the project period, external users can also 

contribute to the KBS. 

In this paper, we will report on the following: an 

overview of the KBS and its key features, a description 

of the development process of the KBS using open-

source tools and technologies, a description of the data 

publishing plan, and finally we provide a summary. 

 

 

2. OPEN KNOWLEDGEBASE SYSTEM - 

TECHNOLOGY SELECTION REVIEW 

To develop the Knowledgebase system, an extensive 

literature review were done that allowed us to select the most 

effective open-source technology to work on. Different 

features and amenities of CKAN[1], DKAN[2] and Semantic 

MediaWiki[3] were studied. Table 1 provides an overview of 

some key features and characteristics that an open 

knowledgebase should contain: 

Table 1: Key features and characteristics of open 

Knowledge Base System (KBS) 

Characteristic Explanation 

Easily 

accessible 

Users should be able to access 

data quickly, freely, and 

intuitively. In addition, users 

should search data without 

registration or login. 

Searchable 

and sortable 

Data should be searchable through 

full-text search and faceted search. 

Data should also be filterable and 

sortable by topic, organization, 

tag, and metadata. 

Clear data 

licenses 

Data usage licenses should be 

clearly and prominently displayed 

for each dataset. For example, 

transparent links to these licenses 

can be included if data are 

licensed under Creative 

Commons, the Open Data 

License, or other standards. 

Machine 

readability 

Data should be available for 

download in machine-readable 

and non-proprietary electronic 

formats such as CSV, XML, and 

JSON if the data license allows. 

Data may also be available in 

proprietary formats such as Excel, 

STATA, or shapefiles (GIS). 

Standards 

compliant 

Various standards for data formats 

such as CSV, XML, JSON, and 

publishing metadata such as 

Dublin Core/DCAT should be 

supported. In addition, each 

dataset should be available as a 

unique and permanent URL, 

which can be used to cite and link 

to the data directly. 

Data 

visualization 

Data preview should be available 

based on data format via tables 

and charts. 

Metadata Important metadata should be 

displayed for each dataset, and 

metadata should be available in 

machine-readable formats. 

Metadata can be structural and 

descriptive. Structural metadata 

consists of information about the 

structure of database objects such 

as tables, columns, keys, and 

indexes. Descriptive metadata 

consists of a title, author, subjects, 

keywords, and publisher 

information used for discovery 

and identification. 

Application 

Programming 

Interfaces 

(APIs) 

Application programming 

interfaces (APIs) for developers 

and data providers to securely 

access and update the data 

catalogue via external systems 

should be available. APIs should 

provide a mechanism for data 

discovery, analysis, catalogue 

integration, harvesting of 

metadata from external sources. 

Secured Security measures to protect data 

and metadata from being 

tempered by unauthorized users. 

Extensibility Templates and layouts should be 

easily customizable to provide a 

better user-experience. 

After analysing these key features for CKAN, DKAN 

and Semantic MediaWiki, we decided to use CKAN to 

develop the KBS. CKAN can be self-managed and 

provides a high degree of customisation and 

atomisation capabilities through a modular 

architecture. CKAN is the most mature opensource 

solution deployed in many countries, cities, and 

government agencies around the world, such as the 

Government of Canada data portal [4], Singapore 

Government data portal [5], Australian Government 

data portal [6], and European data portal [7]. CKAN 
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also has a much larger and more active development 

community. 

3. ARCHITECTURE OVERVIW OF THE OPEN 

KNOWLEDGEBASE SYSTEM  

Figure 1 shows the GEOPRO open knowledge base 

system (KBS) consisting of several major components, 

modules, and tools integrated into the architecture. A 

user can access the knowledge base through Data 

Portal, Data Management System (DMS) and 

Application Programming Interface (API).  

 
The Data Portal, that any user can access without any 

authentication, allows users to browse the data and 

models catalogue, browse datasets and models by topic, 

preview a dataset and model, see the data and models 

published by any user or organization and see the data 

licenses in user-friendly interfaces or pages from the 

knowledge base system. On the other hand, only 

authenticated users can access the DMS, which allows 

the user to create, update, and remove data and model 

catalogues, resources, tags, and topics through user-

friendly interfaces or pages. 
 

Data storage is an integral part of the knowledge base 

system. The Storage layer is responsible for storing and 

handling files, meta-data and structure data through file 

or blob storage service, metadata storage service and 

structured storage service, respectively. File or blob 

storage service is storing files using cloud storage 

system. On the other hand, metadata and structured 

storage use the Postgres database system. 

 

Figure 1: Open Knowledge Base System 

Architecture 

We used following (Table 2) technologies or tools to 

develop the knowledge base system: 

Table 2: Technologies or tools used for developing 

Knowledge Base System 

Name: CKAN v2.9.3 Type: Application (API 

+ worker) 

Data management system (DMS), Data Portal and 

API for the knowledge base. It’s a monolithic web 

application that includes several built-in extensions 

and dependencies. 

Name: datapusher Type: CKAN extension 

A module to connect with a separate microservice 

called DataPusher, which performs actions when 

new data arrives. 

Name: datapusher Type: CKAN extension 

A module to connect with the structured Postgres 

database, the one receiving datasets and resources. It 

includes an API for the database and an 

administrative UI. 

Name: datastore Type: CKAN extention 

An interface for creating HTML templates for image 

resources 

Name: multilingual Type: CKAN extension 

A module for translation and localization to support 

multilingual UI. 

Name: Storage  Type: Database and File 

System 

We are using following storages: 

MetaStore – A Postgres database where CKAN 

stores its information or metadata. 

DataStore – A Postgres database where structured 

data is stored (rows of resources) 

FileStore – A Cloud storage where raw datasets and 

resources or files are stored. 

Name: Solr  Type: Database  

A database for indexing and full-text searching. 

Name: Redis Type: Database  

A lightweight key-value store, used for caching and 

job queues. 

4. DATA PORTAL AND DATA MANAGEMENT 

SYSTEM  

We have customized CKAN to develop a data portal, 

as shown in Figure 2. It is the open front facing 

graphical user interface (GUI) of the Knowledge Base 

System for guest users. Guest users are the users who 

do not need registration or authorization. This data 

portal consists of a data catalogue of searchable, 

downloadable datasets from the knowledge base. A 

guest user can search datasets and models by keywords 

and topics from the homepage. Currently, the 

knowledge base has datasets and models under four 

different topics: Thermodynamics, Reservoir, Reaction 

Kinetics, and flow assurance simulation. A user can 

also directly access all the datasets and models from the 

Main Menu of the KBS portal. The GUI supports 

around 52 languages. In the Footer section of the portal, 

a user can change the language of the GUI. However, 

dataset content will be available in English or the 

source language. 

The KBS has a data management system (DMS) which 

allows GEOPRO consortium partners to: 

• Manage multiple formats of data. 

• Manage and create metadata. 

• Import and store data. 

• Search Data Catalogue 

• Tag and Group datasets 
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The DMS also has admin UI which allows 

administrators to: 

• Monitor: who is doing what, audit log etc. 

• Use analytics: e.g., number of views, amount 

of downloads, recent activity. 

• Revision data and metadata. 

 

 

Figure 2: Data Portal homepage of Open Knowledge 

Base System 

Figure 3 depicts how a user can add dataset in the 

Knowledge Base using the GUI and Figure 4 shows 

how a user can add resources to a dataset in the 

Knowledge Base. Datasets are what users searching for 

data and models. A Resource can be any file or link to 

a file containing useful data. 

For the Knowledge base system deployment, we have 

created IT infrastructure in the DigitalOcean cloud 

provider. We have created two deployment 

environments: (a) Pre-Production environment 

(knowledgebase- preprod) (b) Production environment 

(knowledgebase-prod)  

 

Figure 3: Interface to add a dataset in Knowledge 

Base System 

Figure 4: Interface to add resources to a dataset in 

Knowledge Base System 

5. PUBLISHING DATA AND DATA LIFE CYCLE 

POLICY  

Publishing data is a continuous process, and GEOPRO 

consortium partners will continuously provide their 

data until the project's end.  While publishing data, 

GEOPRO consortium partners will follow the data life 

cycle policy recommended in Open Data Goldbook 

[10]. As depicted in 5, publishing open data in the KBS 

consists of various sub-process: Data Collection, Data 

Preparation, Data Publishing and Data Maintenance. 

The upcoming sections will explain key concepts of 

these sub-processes that consortium members will 

follow while publishing data in the KBS. 

Figure 5: The Open Data Lifecycle for the KBS 

5.1 Data collection 

Any user wants to publish their data in the KBS will 

follow the data collection process as depicted in Figure 

, which includes the following steps: 

• Map the currently available dataset. 

• Prioritise the available datasets. 

• Audit the data collection process. 

• Choose and Publish topics.   

 

Figure 6: Data collection steps 

Map available datasets: The users should prepare a 

list of data and its attributes. They will also prepare 

the description of the data 

Priorities: Not all datasets are relevant to publish 

right away. Following questions need to be asked 

before posting a dataset. The datasets that meet these 

requirements should be prioritized. 

• Is the data publishable (legally, politically, and 

organisationally)? 

• Is the data of the right quality and does not 

require manipulation before publication? 

• Should the data need a cleaning, anonymising 

process? 

Map 
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Prioritise
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• Is the data in a suitable format (machine-readable 

format like CSV)? 

Audit the data collection: During the data collection 

process, audit the data with the following metadata 

information. Later this information can be attached as 

metadata in the KBS while publishing the dataset. 

• Legal information / Data licence 

• Organisational information 

• Technical information 

• Author information 

Choose topics, and publish topics: After data is 

collected, data need to be sorted by topics, and if there 

is a new topic that needs to be published, it can be 

added in the KBS by topic publish feature. Currently, 

KBS has four published topics: (i)Thermodynamics, 

(ii) Reservoir, (iii) Reaction Kinetics, (iv) Simulation 

5.2 Data Preparation 

After collecting raw data, they need to be prepared for 

publications. As shown in Figure 7, A set of actions 

need to be considered in the data preparation process: 

• Data quality check 

• Preparation for technical openness 

• Adding metadata 

• Preparation for legal openness 

 

Figure 7: Data preparation steps 

Data quality check: In this step, consider the following 

aspects of data quality as a data publisher. 

• Data completeness – Every dataset should contain a 

header row with a description of what it is about. 

Once a dataset structure is in place, it should not 

change when data resources are added. The header 

should also be described in metadata. 

• Data cleanliness - Dataset should be clean. Empty 

fields, wrong values, double entries, privacy-

sensitive information should be removed. 

• Data accuracy – Dataset should be accurate enough 

for its potential purpose.  

• Data timeliness – Data can change over time. 

Historical data should remain stable. However, 

recent data must be updated over time. 

• Data consistency – For data consistency, use 

standards and be consistent in publishing datasets of 

equal quality. 

Technical openness: In this step, we consider the 

following aspects of the technical exposure of data. 

• Data should be available as linked data through 

Unique Resource Identifier (URI) or Uniform 

Resource Locator (URL). Linked data increases the 

interoperability and discoverability of datasets. 

While uploading a dataset through the DMS of 

KBS, there is an option to set the URL of the 

dataset. 

• Metadata information such as date of creation, title, 

content, author, type, size will be published together 

with the data. Metadata will be published in 

machine-readable formats and will follow 

standards. While uploading a dataset through the 

DMS of KBS, there is an option to set the metadata 

of the dataset. 

Legal openness: In this step, dataset legal openness has 

to be checked. If it is not open, an appropriate license 

will be applied. Every dataset will provide license 

information and information about the origins. While 

uploading a dataset through the DMS of KBS, there is 

an option to set the license of the dataset. 

5.3 Data Publishing 

After the preparation phase, the dataset will be ready to 

be published through the KBS data management 

system. Then the dataset can be re-used by anyone for 

any purpose through two channels: KBS data portal and 

KBS APIs. 

 

Figure 8: Data publishing steps 

5.3 Data Maintenance 

Maintaining data and metadata is the crucial process of 

the open data life-cycle process. We will follow several 

steps in this process: 

• Maintaining data and metadata frequently 

• Checking data URIs/URLs 

• Checking user feedback 

• Improving continuously 

 

Figure 9: Data maintenance steps 

Maintain data and metadata: Data and metadata can 

change over time. Therefore, consortium members will 

ensure data updates frequently and mention the update's 

date in the metadata. 

5. CONCLUSIONS  

This study described the development of the open knowledge 

base system (KBS) carried out under the scope of GEOPRO 

project. The KBS has three sub-modules: the database 

management system (DMS), the data portal and the API. To 

deploy the KBS, we configured a cloud IT infrastructure with 

deployment automation techniques. A data life-cycle policy 

has also been placed for consortium partners. This KBS will 

act as a backbone for planned decision support system. 
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