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Vision: Optimum Operational Decisions

Towards an intelligent decision
support framework

Increase production efficiency

Reduce risks and emissions

Accelerate the learning curve inthe ¢

sector

Enabling the knowledge transfer
from experienced operators to

young operators
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Development and Demonstration Projects w
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A national growth fund project in the Netherlands to demonstrate GEMINI in geothermal systems and ATES

3 sites, Live demonstrations

Monitoring the implementation for > 6 months
Full value chain onboard

An Open-Access tool to be available in 2025

Open-source libraries to be released in 2026

Rijksdienst voor Ondernemend
Nederland
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Digital Twin of Geothermal Assets

« Avirtual representation that serves as the real-time digital counterpart of a physical object or process (NASA)

« Dynamic processes, dynamic system changing overtime, variable demand, uncertainties in subsurface and
surface processes

«  Why? Minimize maintenance cost, maximize production, Reduce environmental footprint, ...

Physical object Static and real-time data Digital object

Mechanisms

feedbacks o
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GEMINI

+ A flexible web-based framework for real-time monitoring, forecasting ==

and optimization R g e

« Act as an assistant to the operators of geothermal and ATES systems

« Centralized location to access all the (updated) data

I

« Performance, integrity and environmental footprint monitoring

 Critical processes (scaling, erosion, corrosion)

« Production and operation advisory system
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Digital Twin Key Components

Real time sensor Plant database Data and module management Calculation Decision support
data *  Retrieving data database tools
q *  Module and application
, e — - j
. 1 management |
Data ingress A ' ’
Unstructured data P ~==
—> methods _— L2
Configurator Modules (real-time) Applications (off-line) Asset and sector
Models and workflows for real time Models and workflows off-line learning
Subsurface data * Installation layout interpretation of the production data analysis of production data » Safe and secure
and plant specs * Configuration of * Data pre-processing * Model update data sharing
the modules *  Well integrity monitoring, ESP monitoring > « (Automated) standard * Digital by design

* Scaling and corrosion estimation, ..... reporting

Key component Functions

Data management system

Data retrieval, preprocessing, module management

Configurator Plant lay out, configuration of the modules
Modules Models and workflows for real time interpretation of the production data
Applications Models and workflows off-line analysis of production data

Real time decision support tools

Modules for real time decision support, event detection, automated alarms , control, real time production advice.

GUI

User interface

Asset and sector learning

Data ingress system

API production database, methods for ingress of intermittent and static data
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GEMINI Architecture
Towards an Open-Source Implementation

Workflow Manager (real-time)

CELERY

docker

HTML/CSS/javascript
Bootstrap, React

docker

l ARl ) Flask web-server

_LOAK

Authentication

e

] AP n

docker

Python calculation backend

MATLAB calculation backend

Web Browser

i

]

MySoL
MySQL database

- OsDU

InfluxDB OSDU (future)

Container

GEMINI
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n Impression of GEMINI

TNO i

GEMINI

meooveermarrawin  VVell Performance Monitoring

THE DOUBLET DIGITAL TWIN

Diagram Builder

n B Fieid/Plattorm:

Field/Platform:

1 v @ Dashboa

ad Monit 20221116 0¢

ESP Surveilar Reservoir Parameter
G“‘”&—* . : @
SecondaryOut ell Inflow Perk ne w10 v Search Intake pressure |52
Secondaryln Pump

. Initial Reservoir Proguctivity
Doublet n iAo No.  Daw Pressure Index
SecondaryOut 201901 227 20
L T [ . 11 | —

Eailer aon 101 0f 1 entries v lext
o s - o | |
. . Well Parameter s .
# Setings = o Show entries Search £ L
’ =) # seting o [ ' | " bdnr e p
om mawse  wone o ‘ { i
& e No. Depth [m] Depth [m] Diameter [in]

00 100 2625 lan2021  apr2021

3 509 0
Reservon 1 700 708

in
5 726 731

GEMINI GEMINI

TEvousLEToISAL TN  Annulus Pressure Monitoring Well Completion Schematic

o] | - || JE——

Field/Platform:

ADK.DB1 v
« v @ Da
& Dashboard
bl : File name:
Wonitosin
urveillal =
n e e
Pres:
EMW (ppg) Calculated A-annulus MAASP (bar): tubing hanger
%
- Surtace Casing Shoe TVO (m) tubing head A annuhus manitor -
I oo Over ¥5,7B annulus monitor
; oo casing head (= - £C annulus manitor
RKB Tubing hanger (m): =
R ) g Calculated B-annulus MAASP (bar): C annulus J—
F settings B annulus
=2 s
o n Overwrite B-annulus MAASP A annulus —
surface casing gas bubble
intermediate casing cement
production casing
production tubing
formation




Electric drives and Electric _ |
pump-control equipment power supply e

Example: Predictive maintenance

The current geothermal ESPs have several shortcomings;
* Relatively short lifetime (~ 1-2 years)

 Available ESP designs are optimized for oil wells (sub-
optimum for geothermal conditions) leading to frequent
failures

- ESP operational envelope should accommodate with
production variations (P, rates, clogging,...)

 Lack of proactive monitoring of system performance during
the operation

Annual OPEX of each component, operator 1

%

 High costs associated with ESP inspection and replacement

Suboptimum operation of the ESP caused by lack of proper
monitoring and operator errors

m ESP: = Production well: = Surface facilities: Injector well: = Filters:



Workflow for Predictive Maintenance
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Example: Predictive maintenance

- Overall
Well ESP

Lt indicators AL Visualization

indicators indicators )
suite
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Operation Scenarios Evaluation

« Optimize geothermal operating condition parameters
« Maximizing based objective functions:

- Total produced power

*  Minimum power consumption

e  Minimum CO2 emission
TNO it
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Operation Scenarios Evaluation
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The emission reduction ~ 12% (from 5.7 kg CO,/GJ to 5.0 kg CO,/G))

Increase in Levelized Cost of Heat (LCoH) ~ 11.8% TNO cter




Towards Sector Learning

« Added value for sector learning through
standardizing the digital twin of geothermal
assets

Global
model
» No need to share data, but share the learnings

« Decentralized methods to be deployed on top of
digital twin technologies to develop global
models of processes, components and
equipment

* Uses local information to build global knowled
ge, without the need to disclose data model C

- Enables learning a single model across
multiple distributed devices using local data

samples -
P TNO ozt 15




Summary and Next Steps

» Digital twin can improve the operation of geothermal assets aiming at saving cost, increasing production and
reduce downtime

« A workflow is proposed to be demonstrated and being made open-source for the geothermal assets (direct use,
heating)

» We plan to extend/develop GEMINI’s functionalities in the following areas:

Text data Predictive Well integrity Subsurface
analysis maintenance management integration

----’
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