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Executive Summary

This report describes how the knowledge base system (KBS) database is built and populated to represent, store,
and manage all the experimentaland research data generatedin WP2, WP3, and WPA4. First, the KBS database
design process identified all possible entities relevant to experiments and analysis performed in the GeoSmart
project and extracted properties of and relationships between these entities. Next, the entities, properties, and
relationships are converted to database tables, attributes, and relational tables. State-of-the-art open-source
database technologies such as Postgres [1] and Parse Platform [2] are used to develop the KBS database.
Following the execution of the development process, data and experimental results received from project
partners are populated into the database. The report also describes the web-based data management panel,
class documentation, and application programming interface (API). In Task 5.7, the knowledge-based system
(KBS) and decision support system (DSS) with graphical user interfaces (GUI) will use this KBS database as a
knowledge base.

Objectives Met

Develop the GeoSmart system simulator suite which combines flow assurance simulator, knowledge based
engineering, and decision support systems, to provide robust options for future design capability across diverse
European geothermalsites, investment decision making and policy analysis.
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1. INTRODUCTION

In task 5.5, a relational database is designed, developed, and deployed on the web. The databaseis populated
with experimental and research data generated in WP2, WP3, and WP4.

Concrete details about the database components and tables relevant for representing data and establishing
relationships between data elements are extracted by analysing the following reports from WP2, WP3, and
WP4:

D2.1 Correct material choices documented for Demosites (submitted)

D2.2 Energystorage system design schematics (submitted)

D2.3 Heat exchanger design trial report (submitted)

D2.5 Insheim system designed (submitted)

D2.6 Zorlu system designed (submitted)

D2.7 Final material choices documented for demo sites (submitted)

D3.1 ORC Model ready for off-design performance estimation with constraints (submitted)
D3.2 Control system software built (submitted)

D3.3 Groundwater system installed and tested (submitted)

D3.7 ORC Model ready for off-design performance estimation with constraints 2 (submitted)
D4.1 Modelling of silica scaling potential (submitted)

D4.2 Report on the formulation of inhibitor against silica scaling (submitted)

D4.3 Report on the preliminary design of HX, including materials compatibility investigation (submitted)
D4.4 Report on optimisation of the design of HX (submitted)

D4.5Report on design and building of retention tank (submitted)

D4.6 Heat-exchanger produced (submitted)

D4.7 Retention Tank Produced (submitted)

These reports described the design specifications of three types of thermal energy storage (TES) systems: a
scaling reduction system comprising a scaling heat exchanger, a scaling reactor and retention tank, and an
adiabatic cooling system.

The experimental results' design specifications, parameters, and relationships between thermal energy storage
(TES) systems, the scaling reduction system, and the adiabatic cooling system have been identified, analysed,
and extracted for designing the database tables and properties. Also, primary cost data and life cycle
assessment (LCA) models are identified, analysed, and extracted to create the database for GeoSmart
components. Finally, the database is populated with data published in the reports through a data management
tool developed as part of the database design. The rest of this report is structured as follows:

e Section 2 overviews the database design process and its outcome as the entity relationship diagram.

e Section 3 describes the database development process using the Postgres [1] and Parse Server [2]
technologies.

e Section 4 shows the database population techniques using data management tools and RESTful
application programming interfaces (APIs) [3].

e Section 5 provides the overall conclusions.
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2. KBS DATABASE DESIGN

2.1 Overview

The Knowledge Base System (KBS) database is a relational database designed to extract all the entitiesand their
properties and relations. The extracted entitiesare:

e Thermal Energy Storage (TES) Systems
o PCM (brine) storage system
o Steamaccumulator
o Waterthermocline
e Separator
o New IPseparator
e Scaling reduction system
o Scaling Heat Exchanger
o Scaling reactor
o Retentiontank
e Adiabatic Cooling System
e Basic cost dataand parameters
e Life Cycle Inventory (LCl) data and parameters

2.2 Entity Relationship Diagram

The entity-relationship (ER) diagram is a high-level visual representation of a database system. It is often an
initial step to model a particular database. ER diagrams help to define entities, attributes, and relationships. ER
diagrams have been modelled for each extracted entity mentioned in section 2.1.

An example of an ER diagram of the PCM storage system table is depicted in the Figure 0.1. The PCM storage
system table represents, stores, and manages data and metadata about the PCM storage system used in the
GeoSmart project. The PCM storage system table has many properties reflected in the ER diagramused in the
GeoSmart project. ER diagrams of other entities or tablesare provided in Appendix A.
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PCMStorageSystem 5 bl storage capacity -

A id value
number_of cycle_per_day # unit
cycle_efficiency_to_convert_thermal # data_quality
storage_capacity vd
input_temperature_of _brine W -
83:&%_;f$—%ecrrit_u;iao&_§nne :.5' input_temperature_of brine ¢
amount_of_pcm_material_loaded _initially vd value
frequency of use_hitec_material_per_year Ve unit
outer_diameter_of _the_shell Ve data_quality
thickness_of the_wall_of_the_shell W
inner_diameter_of _the_shell W -
height_of_the_shell Vo g
average_thickness_of the_top_and_bottom_cover_plates Ve oullet temperature. of brine
material_of _the_shell_and_cover_plates W value
density_of shell_and_cover_plate_material vd unit
number_of tubes vd data_quality
length of the tubes V4
inner_diameter_of_the_tubes vd =
outer diameter of the tubes Vo
thickness_of the_wall_of the_tube vd volume of pcm_module
density_of the_tube_material vd value
material_multiplication_factor vd unit
external_diameter_of the_fins vd symbol
thickness_of the_fin_wall vd data_quality
space_between_fins vd
estimated_number_of fin_walls_in_one_tube vd 9
external_diameter_of the_aluminium_profile Véa 7 i
thickness_of the aluminium_profile v amount_of pcm_material_loaded _initially
space_between_aluminium_profile vd value
estimated_number_of _profiles_in_one_tube Ve unit
thickness_of _the_insulating_material Ve symbol
insulating_material_types Ve data_quality
thickness_of the_aluminium_sheet_to_covering_insulating_material
types_of_aluminium_sheet vd -
g::z:g:gan::?ri:mgt]:g;ﬁwmaiéer;?l :?’ frequency_of use_hitec_material_per_year
average_transportation_distance_of raw_materials vd value
estimated_transportation_distance_from_manufacturing_site vd symbol
cleaning_material_type vd data_quality
average_amount_of cleaning_material_used_per_cleaning vd
frequency_of _cleaning_per_year v =
amount of tap water used per cleaning P i
average_energy_needed for_producing vd outer_diameter_of the _shell
average_energy_needed for_dismantling vd value
anticipated_lifetime_of the_pcm_storage_module vd unit
estimated_mass_of the_pcm_storage_module_when_empty vd symbol
amount_of_pcm_material Ve data_quality
charging_time vd
discharging_time "} a
charging_pressure Véam s
discharging pressure v thnckness_of_the_walI_of_the_shell‘y
charging_brine_mass_flow_rate W value
discharging_brine_mass_flow_rate vd unit
number_of operating_days_in_a_year vd symbol
how_much_thermal_energy stored_and_discharged_per day vd data_quality
annual_thermal_energy_stored vd
total_thermal_energy stored_over _its_lifetime V4 o
total_electrical_energy_produced Vo : "
“wperm v inner_diameter_of the_shell
_rperm W value
_acl V4 unit
_created_at C symbol
_updated_at ( data_quality

Figure 0.1 ER diagram of PCM storage system entity

3. KBS DATABASE DEVELOPMENT

The relational database implementation is completed using Postgres, an open-source database suitable for
managing a large volume of data. It also uses Parse Server, which enables the design and development of
database tables in Postgres. While developing database tables on Parse Server, eachtable is treated as a class
and the table'sattributesasthe class's attributes. The codesto create the tablesin Postgres via the Parse Server
APl were writtenin Ruby. A database management system has also been developed to manage data from user-
friendly graphicalinterfaces.

Figure 3.1 shows a concrete example of the class, which corresponds to the relational database table PCM
storage system. The figure depicts that the PCM storage system is a class that inherits the attributesfrom the



Document: D5.5 Development of knowledgebase system database

Version: 1.0

Date: 25 March 2024

class Parse Object. This figure provides an example to show how to instantiate the PCM storage system class

using Ruby. Another example, PCM_storage_system.save, illustrates how to save the already createdinstance
of the PCM storage system.

Figure 0.1 also demonstrates that the class definition of a PCM storage system consists of various attributes,
such as the amount of tap water used per cleaning, annual thermal energy stored, amount of PCM material,
average amount of cleaning material, input temperature of brine, and outlet temperature of brine. A list of
classes and their definitions is provided in Appendix B.

Index (P) » PhaseChangeMaterial

Class: PCMStorageSystem

Inherits: Parse::Object show all

Defined in: app/models/phase_change_material.rb

Overview
PhaseChangeMaterial
Examples:
# Initialize
pcm_storage_system = PCMStorageSystem.new(n)

# Commit changes
pcm_storage_system.save

Constant Summary expand
DATA_QUALITY
Instance Attribute Summary expand

aluminium_profile_material_grade aluminium_unit_cost amount_of_pcm_material
amount_of_pcm_material_loaded_initially amount_of_tap_water_used_per_cleaning
annual_thermal_energy_stored anticipated_lifetime_of_the_pcm_storage_module
average_amount_of_cleaning_material_used_per_cleaning
average_energy_needed_for_dismantling average_energy_needed_for_producing
average_thickness_of_the_top_and_bottom_cover_plates
average_transportation_distance_of_raw_materials avg_disassembly_cost
charging_brine_mass_flow_rate charging_pressure charging_time cleaning_material_type
cycle_efficiency_to_convert_thermal density of_shell_and_cover_plate_material
density_of_the_aluminium_material density_of_the_insulating_material

density_of_the_tube_material discharging_brine_mass_flow_rate discharging_pressure

Figure 0.1 The PCM storage system class documentation (a partial view).
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4. KBS DATABASE POPULATION

4.1 Overview

Data about thermal energy storage (TES) systems, scaling reduction systems, New |P separator, and adiabatic
cooling systems from the experimental results into the database was populated in two ways: automatic and
manual. For the automatic data population, easy-to-use RESTful Application Programming Interfaces (APIs)
were developed. For adding data manually, a data management tool with an intuitive user interface was built.

4.2 RESTful APIs

A group of RESTful Application Programming Interfaces (APls) or RESTful web services is developed to
programmatically upload data to the relational database. These facilitate importing data from a comma-
separatedvalue (CSV), tab-separated value (TSV), or excel file.

The GET command is implemented to read information about the schema of the relational database. A database
schema consists of all the tablesand relationships betweenthem. As shown in Figure 0.1, Figure 0.2, and Figure
0.3, the GET and POST commands are implemented for eachtable.

No Environment  ~ Single Column ~ CWRL ~

GEOSMART DEMS API

Schemas

GET Retrieving all Schemas

heep:/oca

‘storage/schemas

HEADERS
Xstorage-Application-d

Content-Type spplication/json

SteamTable

Retrieving all Schemas

2]

Figure 0.1 RESTful Web Services for the database schema and tables.
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Example Request Creating a PCMStorageSy...

A110

View More

Example Response

Body

Figure 0.2 A sample GET request to read all the PCM storage system from the GeoSmart relational database.

Example Request Querying PCMStorageSys...

Example Response

Body

{
“results”: [
{
"objectId": "Js53xHyhD6",
"material_of_the_tubes": "carbon_steel_SA179",
"fin_material_types": "aluminium_Al1050",
"aluminium_profile_material_grade": "aluminium_A11050",
"number_of_cycle_per_day": 4,
"cycle_efficiency_to_convert_thermal™: 0.4,

View More

Figure 0.3 A sample POST request to create a PCM storage system in the GeoSmart relational database.

4.3 Data management tool

A web-based data management tool is created to allow users to populate information about one entity at a
timeinto the relational database. The tool supports the read, update and delete operations along with the data
population. As shown in Figure 0.4, the user interface of the tool is designed using a dashboard layout for ease

10
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of management of data. Under the utility tab, data about system users and steam tables can be viewed, added,
updated, and deleted. Figure 0.5 demonstrates a part of steam tables data from the GeoSmart database.

Home

Utilities Thermal Energy Storage System Separator Scaling Reduction System Adiabatic Cooling System Plants Reference Flow Data

Figure 0.4 Homepage of the GeoSmart database management tool.

GE@SMART S
Home / Steam Tables
o ——
- —
=== Steam Tables
Specific Gravity Of Specific Gravity Of Enthalpy Of Enthalpy Of Enthalpy Of
Temperature Pressure L L .
Vapor Liquid Vapor Liquid Evaporization
Edit
0.01°C 0.01bars 206136 cclg lccfg 2501 kl/kg 0.01kl/ks 2501 klikg
Delete
Edit
1°C 0.01bars 192577 cc/g 1ocfg 2503 kl/kg 4.16 kl/kg 2499 kl/kg
Delete
Edit
2°C 0.01bars 179889 cc/g lecofg 2505 kl/kg 8.37 kl/kg 2497 klikg
Delete
Edit
3°C 0.01 bars 168132 cc/g 1ccig 2507 kl/kg 12.57 kl/kg 2494 kl/kg
Delete
Edit
4°C 0.01bars 157232 cc/s lecg 2509 kl/kg 16.78 kl/kg 2492 klikg
Delete
Edit
5°C 0.01 bars 147120 cc/ 1ccig 2511 kl/kg 20.98 kl/kg 2490 k)kg
Delete

Figure 0.5 List showing a part of steam tables from the GeoSmart database.

11



Document: D5.5 Development of knowledgebase system database
Version: 1.0

Date: 25 March 2024
Figure 0.6 demonstrates the GeoSmart thermal energy storage system data management component that
supports the data management of steam accumulator, PCM storage, and water thermocline.

GE@SMAR‘I- Account ~

Home

Utilities Thermal Energy Storage System Separator Scaling Reduction System Adiabatic Cooling System Plants Reference Flow Data

» Steam Accumulator

¥ PCM Storage

©  AddPCMStorage

» Water Thermocline

Figure 0.6 The GeoSmart data management component for the thermal energy storage system

Figure 0.7, Figure 0.8, and Figure 0.9 show various populated data of steam accumulator, PCM storage, and
water thermocline developed for the GeoSmart project.

GE@SMART s -
Home / Steam Accumulators / Zu2¥YndM3vz
- —
1= 5MWh Steam Accumulator
Amount / Data

Ite Unit: Symbol

e Quantity T Qualitys
Storage capacity (MWh) 5 MWh primary
Input temperature of steam (°C) 144 “C primary
QOutlet temperature of steam (°C}) 110 °C primary
Volume of the module (m*) 185 m* primary
Outer diameter of the shell (mm) 4000 mm Do primary
Average thickness of the wall of the shell (mm) 10 mm t secondary
Inner diameter of the shell (mm) 3980 mm D primary
Length of the shell (mm) 15000 mm L primary
Average thickness of the cover plates (mm) 15 mm tes secondary

bon steel
Material of the shell and cover plates :;7::;]&
Density of shell and cover plate material (kg/m®) 7850 kg/m®  pufi primary

Figure 0.7 Example data of steam accumulator (5MWh)
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GE@SMART s

Home / PCM Storages / Js53xHyhDé

- —
s= 2MWh PCM Storage
Items Amount / Quantity Units  Symbol  DataQuality
Storage capacity (MWh) 2 MWh primary
Input temperature of brine (°C) 165 °C primary
Outlet temperature of steam (°C) 107 °C primary
Volume of the module (m?) 35 m Vaem primary

Pcm Material Type

Amount of PCM material (hitec) loaded initially (t) 37 t Mige primary
Frequency of use hitec material per year 0.1 Fryts primary
Outer diameter of the shell (mm) 2700 mm oD, primary
Thickness of the wall of the shell (mm) 15 mm ty secondary
Inner diameter of the shell (mm) 2660 mm IDs primary
Height of the shell (mm) 9000 mm Hs primary
Average thickness of the top and bottom cover plates (mm) 40 mm tep secondary
Material of the shell and cover plates CS55275JR secondary
Density of shell and cover plate material (CS $275JR) (ke/m’) 7850 ke/m3  peSicp primary
Number of tubes 241 Ne primary

Figure 0.8 Example data of PCM storage (2MWh)

GE(®SMART o -
Home / Water Thermoclines / vQBSOYSmeZ

- —

s=— 7.62MWh Water Thermocline

ttems ey Units Symbol oo
Storage capacity (MWh) 7.62 MWh primary
Charging temperature (°C) 80 °C primary
Charging pressure (bara) 14 bara primary
Pressure requirements (bara) 25 bara primary
Length of the shell structure (mm) 13628 mm L. primary
Outer diameter of the shell (mm) 3000 mm D, primary
Thickness of the shell (mm) 18 mm te primary
Inner diameter of the shell (mm) 2974 mm D, primary
Thickness of the cover plates (mm) 15 mm tep primary
Material Of The Shell And Cover Plates

Density of shell and cover plate material (kg/m?) 7850 kg/m'  pifep  primary
Mass multiplication factor 12 from primary
Thickness of the insulating material (rockwool) (MM) 100 mm ek, Primary
Insulation Material

Figure 0.9 Example data of water thermocline (7.62MWh)
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An example of data creation of a PCM storage system is depicted in Figure 0.10. Database administrators and

partners involved in the GeoSmart project can use data creation forms to populate data for thermal energy
storage (TES) systems, scaling reduction systems, new |P separator, and adiabatic cooling system.

GE®SMART —

Home / PCM Storages / New

E,I~ PCM Storage System

Storage capacity (MWh) *

0.0

Data quality *

primary -
Input temperature of brine (°C)

0.0
Data quality *

primary -
Outlet temperature of steam (°C) *

0.0
Data quality *

primary v

Volume of the module (m?)

0.0

Figure 0.10 Example data entry of PCM storage system

Figure 0.11 demonstrates the GeoSmart separator data management component, where data of the new IP
separator can be managed. Example data of 3.04m?3 New IP Separator is depicted in Figure 0.12.

14



Document: D5.5 Development of knowledgebase system database
Version: 1.0

Date: 25 March 2024

GE®SMART

Home

Utilities Thermal Energy Storage System Separator

~ New IP Separator

Scaling Reduction System

Adiabatic Cooling System

Plants

Account ~

Reference Flow Data

[+] Add New IP Separator

Figure 0.11 The GeoSmart data management component for separator

GE®SMART

Home / New IP Separators / FuQ1exoShh

s=— 3,04m’ New IP Separator

- —
Items

Type

Volume (m’)

Outer Diameter of the vessel (mm)
Length of the vessel (mm)

Length of the vessel (mm)

Thickness of the wall of the vessel (mm)
Inner diameter of the vessel (mm)
Inlet brine flow rate (t/h)

Separation pressure (bara)

Pressure of new IP separator (bara)
Corrsion allowance (mm)

Lifetime of the separator (y)

Material Type

Density of the material (304L) (kg/m*)

Inner surface area of the vessel (m?)

Amount / Quantity

vertical_cyclone_separator

3.04

1400

2100

2100

20

1360

10

10

55

3

10

stainless_steel_304|

8734

1451936

Units

mm
mm
mm
mm
mm
t/h
bara
bara

mm

keg/m®

m*

Symbol

s 5 o

Eas

Pm

A

Account *

Data
Quality

primary

primary

primary

primary

primary

primary

primary

primary

primary

primary

primary

primary

primary

Figure 0.12 Example data of new IP separator (3.04m?3)

Other data management components, such as scaling reduction systems, and adiabatic cooling systems, have

been listed in

Appendix D.

15




Document: D5.5 Development of knowledgebase system database
Version: 1.0

Date: 25 March 2024

5. CONCLUSIONS

The relational database design, development, and population are based on the data published in WP2, WP3,
and WP4 project deliverables. Clarifications about the data are sought from the partners as often as needed
during the database design and population tasks. The database design has been updated with the updated data
available from the partners. The crucial web links relatedto this deliverable are provided below:
e The GeoSmart Database Management Tool: http://138.68.144.219:3000/login (for consortium
members to manage data).

e The RESTful APIsof the database: RESTful APIs. The complete list of RESTful APIsis provided in Appendix
C
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Appendix A

ER diagrams
NewlpSeparator ot volume

A id t © value

* volume vd ©unit
outer_diameter_of the_vessel vd symbol
length_of _the_vessel vd data_quality
thickness_of the_wall_of the_vessel Vd
inner_diameter_of _the_vessel Vi
Isnelgg?g?igfng(r):s—sfrt: f— outer_diameter_of_.the_vesselﬁ
pressure_of new_ip_separator vd value t
corrosion_allowance vd unit
lifetime_of_the_separator vd symbol
density_of the_material vd data_quality
inner_surface_area_of _the_vessel vd

inner_volume_of_the_vessel
thickness_of the _top_bottom_plates
approximate_mass_of _the_separator_vessel when_empty

;

' Iength_of_the_vesse’

average_energy_needed_for_constructing value t
mass multiplication factor unit t
average_transportation_distance_for_transporting_materials symbol
average_amount_of cleaning_material_used_per_cleaning data_quality

frequency_of cleaning_per_year

amount_of tap_water_used_per_cleaning
approximate_transportation_distance_from_manufacturing_site_to_use_site
average_energy needed_for_dismantling

RAKAKRAN

Obi

/" ' thickness_of_the_walI_of.the_vesselﬂ

_wperm vd © value
_rperm vd unit

_acl vd symbol
_created_at data_quality
_updated_at

Figure Al ER diagram of new IP separator table
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o = 4

‘ PCMStorageSystem 5 ‘Ul storage_capacity

A id t value t

* number_of _cycle_per_day B unit t
cycle_efficiency_to_convert_thermal # data_quality t
storage_capacity v
input_temperature_of brine | Obi
ngbﬁ—;_egf"_%iﬁiur;%—dojl—: s f— input_temperature_of brine
amount_of_pcm_material_loaded _initially vq value t
frequency_of_use_hitec_material_per_year Y4 unit t
outer_diameter_of the_shell v data_quality t
thickness_of the_wall_of_the_shell V4
inner_diameter_of_the_shell ] Yol
height_of_the_shell — ;
average_thickness_of the_top_and_bottom_cover_plates V4 |outiet_temperature_of brine
material_of _the_shell_and_cover_plates V4 * value t
density_of shell_and_cover_plate_material V4 *unit t
number_of tubes v * data_quality t
length of the tubes V4
inner_diameter_of_the_tubes | Obi
outer_diameter_of the_tubes P
thickness_of the wall of the tube v luiolume of ‘pcr. module
density_of the_tube_material v value t
material_multiplication_factor V4 unit t
external_diameter_of the_fins V4 symbol t
thickness_of the fin_wall V4 data_quality t
space_between_fins V4
estimated_number_of fin_walls_in_one_tube ]| Obi o
external_diameter_of the_aluminium_profile P g — :
thickness_of the aluminium_profile 7 - amount_of pcm_material_loaded _initially
space_between_aluminium_profile v value t
estimated_number_of profiles_in_one_tube V4 unit t
thickness_of the_insulating_material V4 symbol t
insulating_material_types V4 data_quality t
thickness_of the_aluminium_sheet to_covering_insulating_material
types_of_aluminium_sheet | Obi o
density_of the_aluminium_material S : ”
density of the insulating material 7 _ frequency_of use_hitec_material_per_year
average_transportation_distance_of raw_materials V4 value t
estimated_transportation_distance_from_manufacturing_site V4 symbol
cleaning_material_type V4 data_quality
average_amount_of _cleaning_material_used_per_cleaning v
frequency_of cleaning_per_year | Obi &
amount of tap water used per cleaning P ;
average_energy needed_for_producing v outer_diameter of the shell
average_energy_needed_for_dismantling vd value t
anticipated_lifetime_of_the_pcm_storage_module vq unit t
estimated_mass_of the_pcm_storage_module_when_empty vd symbol t
amount_of_pcm_material V4 data_quality t
charging_time v
discharging_time ] ob P
charging_pressure P
discharging_pressure 7 thickness_of the wall of the shel
charging_brine_mass_flow_rate V4 value
discharging_brine_mass_flow_rate V4 unit
number_of operating_days_in_a_year v symbol
how_much_thermal_energy stored_and_discharged_per_day V4 data_quality
annual_thermal_energy_stored V4
total_thermal_energy_stored_over_its_lifetime | Obi P
ic::gé}er:\ectncal_energy_produced 5}_— inner_diameter_of the_shell
_rperm v * value t
_acl V4 *  unit t
_created_at d * symbol t
_updated_at d * data_quality t

Figure A2 ER diagram of PCM storage system table
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RetentionTank 5 Ubj capacity
P id t value
= ph_level # unit
capacity vd data_quality
approximate_mass_when_empty vd
maximum_fluid_contained ] Obi p
?gsetrz\ahfner:gﬁ:velght /"/}— approximate_mass_when_empty
retention_time V4 value
design_pressure vd unit
operating_pressure vd symbol
design_temperature vd data_quality
operating_temperature vd
hydraulic_test_pressure ] Obi
:::;;(:ﬁm;}_gl\lgv:grr:ﬁe f— maximum_fluid_contained
outer_diameter of the tank V4 value
inner_diameter_of the_tank vd unit
average thickness of the wall of the tank W] data quality
density_of_structural_material vd
insulation_thickness | Obi
density_of_rockwool_material P ? ?
mass_multiplication_factor vd pperating weight
anticipated_lifetime_of the_retention_tank ] value
frequency_of _cleaning_per_year vd unit
approximate_amount_of_high_pressure_water_used_per_cleaning vd data_quality
power_rating_of the_high_pressure_water_pump vd
flow_rate_of water ] Obi
time_per_cleaning P 7
average_transportation_distance_for_raw_materials Ve testoweight
estimated_transportation_distance_from_manufacturing_site_to_use_site = value
energy_needed_for_constructing_retention_tank V4 * unit
dismantling_energy needed_for_the_tank vd * data_quality
_wperm vd
_rperm / Obj '
—?ftleated at ‘?— retention_time
“updated_at d value
unit
symbol
data_quality

Figure A3 ER diagram of retentiontank table
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x

o

~

ScalingHeatExchanger

_id

delta_t

plate_material_density
plate_material_thickness
number _of plates
dimension_of_the_unit
brine_inlet_temperature
water_inlet_temperature
brine_outlet_temperature
water_outlet temperature
brine_pressure_drop
water_pressure_drop

power
overall_heat_transfer_coefficient
exchanged_surface
design_temperature

design_pressure

test pressure

fluid_brine_flow_rate
fluid_water_flow_rate

lifetime
approximate_mass_when_empty
approximate_mass_with_full_of water
grade_of frame_and_pressure_plate_material
density of frame_and_pressure_plate_material

average_thickness_of the frame_and_pressure_plate

height_of the frame_and_pressure_plate
width_of the frame_and_pressure_plate
number_of frame_and_pressure_plate
grade_of _the_support rod_material

density of support rod_material
diameter_of the_support_rod

length_of the_support_rod

number_of support_rod
approximate_mass_of _one_gasket _material
frequency of cleaning_and_changing_gasket
cleaning_material

amount_of_cleaning_material_used_per_cleaning

amount_of tap water_used_per_cleaning

average_transportation_distance_of raw_material

average_energy needed for_production_of _hx
mass_multiplication_factor
frequency of cleaning per year

approximate_transportation_distance_from_manufacturing_site_to_use_site

average_energy needed for_dismantling
specific_heat_capacity of water
extracted_rate_of thermal_energy
average_annual_operating_hours
total_thermal_energy extracted
estimated_capacity_of the_thermal_plant
dh_selling_price
annual_income_from_the_selling
maximum_total_energy_transferred
total_mass_of the_gasket material
_wperm

_rperm

_acl

_created_at

_updated_at

p—2t) plate_material_density

value t
unit t
symbol t
data_quality t

plate_material_thickness

value t
unit t
symbol t
data_quality t

number_of plates

value
symbol
data_quality

\\\\\T\\\\\\\T\\\\k'

/ 9 L',“ '

/" i dimension_of the unit
value t
unit t
data_quality t

symbol t
data_quality t

'T'\'\'\'\'\'\'\T'\'\'\'\'\
3
5
=
@
3
©
o
2
3
m

water_inlet_temperature

value

unit

symbol
data_quality

brine_outlet temperature

value

unit

symbol
data_quality

RARARARRRAARRRRA

water_outlet_temperature

value

unit

symbol
data_quality

Q

'\'\'\'\'T'\

Qo

¢
t
t
t

t
t
¢
t

Figure A4 ER diagram of scaling heat exchanger table
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density_of_panel_material

average_thickness_of the_wall_of structure
average_thickness_of the_wall_of _the_panels

insulation_thickness
density_of _rockwool_material
mass_multiplication_factor

anticipated_lifetime_of_the_scaling_reactor

frequency_of cleaning_per_year

approximate_amount_of _high_pressure_water_used_per_cleaning
power_rating_of the_high_pressure_water_pump

flow_rate_of water
time_per_cleaning

anticipated_amount_of_silica_material_recovered_per_year
average_transportation_distance_for_raw_materials
estimated_transportation_distance_from_manufacturing_site_to use site
energy_needed_for_constructing_scaling_reactor
dismantling_energy_needed_for_the_reactor

_wperm
_rperm

_acl
_created_at
_updated_at

RARKRA

'\'\'\'\'\'T'\'\'\'\'\'\'T

=

Q. C

operating_weight‘

value
unit
data_quality

s

test weight

value
unit t
data_quality ¢

retention_time

value

unit t
symbol t
data_quality ¢

Date: 25 March 2024
ScalingReactor ) capacity
P id £ * value t
= ph_level # unit t
capacity vd data_quality
approximate_mass_when_empty v
maximum_fluid_contained ] Obi
?gsetiz:sg:gﬁ\évelght /‘ approximate_mass_when_empty
retention_time V4 value t
design_pressure vd unit t
operating_pressure v symbol t
design_temperature v data_quality t
operating_temperature v
hydraulic_test_pressure Y| Obi
corrosion_allowance P S i i
length_of the reactor 7 maximum_fluid_contained
width_of_the reactor v value
height_of _the_reactor vd unit
density of structural material V4l data quality
number_of panels_transversely V4
number_of _panels_longitudinally ]

Figure A5 ER diagram of scaling reactor table
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‘ SteamAccumulator 5 U storage_capacity »

A _id t value t

* number_of cycle per day # unit
storage_capacity vd data_quality
input_temperature_of steam vd
outlet temperature_of steam Y| Obi
volume_of the _module P ,
outer_diameter of the shell v input temparature af steam
average_thickness_of the_wall_of the_shell vd * value t
inner_diameter_of the_shell vd *unit t
length_of the shell vd * data_quality t|
average_thickness of the cover_ plates vd
density_of shell_and_cover_plate_material W] G
thickness_of the_insulating_material P

density _of rockwool_material vd |

»

outlet_temperature_of steam

.
+

+

.4

T T orT T

thickness_of the_aluminium_sheet vd value

density_of _the_aluminium_material vd unit
average_transportation_distance vd data_quality

average energy needed for producing vd

transportation_distance_of steam_accumulator Y| Obi

average_amount_of cleaning_material P ‘
frequency_of cleaning_per_year vd | volume_of the module
amount_of _tap_water_used_per_cleaning vd * value
average_energy needed for dismantling _the_structure * unit

lifetime_of the_sasm vd data_quality
estimated_mass_of the sam_when_empty vd

number_of operating_days_in_a_year Y| oOb
how_much_thermal_energy_stored_per_day P 7 ,
annual_thermal energy stored 7 outer_diameter_of the_shell
total_thermal_energy stored_over _its_lifetime vd value
material_multiplication_factor vd unit

_wperm vd symbol

_rperm vd data_quality

_acl vd

_created_at d

_updated_at d

Figure A6 ER diagram of steam accumulator table

22




Document: D5.5 Development of knowledgebase system database

Version: 1.0

Date: 25 March 2024
SteamTable 5 'i"f—‘:‘ temperature
2 id t * value t
* temperature vd *unit t
= pressure vd

* specific_gravity_of vapor |
~ specific_gravity of liquid /P ——

* enthalpy_of vapor vd | REESSHIR,

* enthalpy_of liquid o * value t

* enthalpy of evaporization = unit t

* _wperm vd

* _rperm | Obi p

! :?ffleated_at '{?— specific_gravity_of vapor

* _updated_at d = value t
* unit t

AT

Figure A7 ER diagram of steamtable

l WaterThermocline 5 ULl | storage capacity
»»_id value t
* number_of cycle_per_day # [ unit t

storage_capacity ¥4 data_quality
charging_temperature Y4 \_
charging_pressure |  Obj
pressure_requirements Poa -

length_of the_shell_structure licharging temperature,

outer_diameter_of_the_shell

thickness_of the_shell

inner_diameter_of the_shell
thickness_of_the_cover_plates

density_of shell_and_cover_plate_material
mass_multiplication_factor

thickness_of _the_insulating_material Ve

density_of rockwool_material ¥4 value
average_transportation_distance_for_raw_materials Ve [* unit
4
4

value
unit
data_quality

RERERA

o

| charging_pressure

average_energy_needed_for_producing data_quality
transportation distance of water thermocline from manufacturing site to use site

average_amount_of_cleaning_material_used_per_cleaning |  Obi | | &
frequency_of cleaning_per_year oz : :
amounl:_of_tap_water_used__y per_cleaning ¥4 pressure-requirements..|
average_energy_needed_for_dismantling o value

lifetime_of the_water_thermocline_storage_module ¥4 unit

estimated_mass_of _the_water_thermocline_module_when_empty e data_quality
number_of_operating_days_in_a_year ¥4

how_much_thermal_energy stored_per_day |  Obi 13 L
annual_thermal_energy_stored P
totaI_tﬁermaI_energy?stored_over_its_lifetime vd |elength,afithe shell stuchure
_wperm Y4 [= value

_rperm ¥4 unit

_acl V4 symbol

_created_at d data_quality
_updated_at d

Figure A8 ER diagram of water thermocline table
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Collection "AdiabaticCoolingSystem
maximum_decrease_of_the_ambient_air_temperature iy Obj relative_humidity_of_ambient_air ¥
AdiabaticCoolingSystem Obj
value t ——= value t
unit t P _id ) unit t
© orc_fluid " second_value t
. assumed_design_temperature ~
s . -
corresponds_to_electricity_production_increase %Oh; assumed_design_rh oy - . . 0Obj 2
L _of_the_ambient_air_temperature water_pressure_at_the_inlet_of_sprayers
value t corresponds_to_electricity_production_increase -
unit t decrease_of_the_ambient_air_temperature “ value t
*  corresponds_to_electrical_pr ion_increase - unit t
o relative_humidity_of_ambient_air ) 0Obj
assumed_design_temperature | Ob max_possibility_to_increase_rh o o) " max_possibility_to_increase_rh
gr ) rate
value t ©  extracted_water_hardness - value t
unit t *  extracted_water_temperature - unit t
©  extracted_water_type =~
o expected_air_flow_per_fan + 0bj o
assumed_design_rh O total_no_of_fans N _groundwater_wi _rate
s=———" total_air_flow_rate -
value t " water_pressure_at_the_inlet_of_sprayers * value t
unit t T _wperm 1 unit t
© _rperm 1 second_value t
_acl " second_unit t
. _created_at d
decrease_of_the_ambient_air_temperatu re " _updated_at d Obj —_—
value extracted_water_hardness
unit value t
unit t
corresponds_to_electrical_production_increase T obj =y Obj )
! t total_air_flow_rate extracted_water_temperature
value
unit t © value t value t
" unit t unit t
s 2 second_value
total_no_of fans orc_fluid " Obj " second_unit ¢ Obj a
=) A ) —
value R alue t extracted_water_type
. value t
te
[l
= 0 e,
" expected_air_flow_per_fan
value t
unit t

Figure A9 ER diagram of adiabatic cooling system table

z
" mechanical_and_electrical_components b4
orc_group
low_alloyed_steel 7
aluminium_primary_ingot | stainless_steel S
copper *1 obj aluminium —
gla;:_wool_mat :. 3 copper : =
134A T * titanium |
sheet_rolling_copper T *  mineral_wool - —
chromium_steel - Constrictonphiase 1] on; ~ plastic : —
— orp =
A _id i transformer_oil o
cooling_tower Yoty Eyl::! E —
glass_fibre " well_casings_and_drilling e S
metal_working * shallow_wells “
bulk_polymerised * * deep_wells 4 excavation “
emulsion_polymerised by well_pads * fill i —————————
suspension_polymerised ) wellhead_equipment = concrete g
" chromium_steel ‘1 pipelines * low_alloyed_steel _—
turbine - stainless_steel W
& * generator “ aluminium o
Tt condenser b © copper s ——————————
gas_compressor “ mineral_wool e
portland_cement S, gas_intercooler B plastic S —
chromium_steel_pipe il cooling_tower " asphalt e
low_alloyed_steel “ orc_group * aluminium_primary_ingot *—————
excavation * amis -~ portland_cement N ——————
fill 5 mechanical_and_electrical_componentsgy et ot ael o\1= o1 8 als @ a 0] B um_steel_pipe —
concrete “1 plant_buildings P ) _crushed B ———————
aluminium + cementation ¥ transport( transport) Al ‘
mineral_wool + drilling_mud diesel_burned g
stone_wool “ reservoir_enhancement “ transport_freight_lorry ~ *——
" aluminium_primary_ingot_lower )| transport “ =
~— aluminium_primary_ingot_larger | drill_site “ 0bj #
geofluid_cycle b, : cementation b
o heat_exchanger 4 f
well_pads Yoy * air_coolers b bentonite *
orc_turbine " " inorganic_chemical_compound
— portland_cement ) orc_pipes 1 * portland_cement * =
“ excavation “ orc_feed_pump “ * silica_sand B
gravel_crushed “ refrigerant_initially_loaded “ * cement_unspecified “ 11
gravel_round b binary_unit + water *
iron_pellet “ * hash_sha256 t
iron_nickel_chromium_alloy | _wperm 1] 0Obj = =
d(awing_o! f_pipe_steel B _rperm [t drilling_mud T
© wire_drawing_steel i | _acl “
~1— polyethylene_pipe * _created_at d inorganic_chemical_compound “j——
_updated_at i bentonite B ————
§ ©  portland_cement *
— well_casings_and_drilling } ) !- potato_starch a
= ot amis 1 * lime_hydrated_packed "
low_alloyed_steel “ * calcareous_marl - 1
portland_cement * selenium il water 1
bentonite ) titanium_dioxide * diesel_burned b
silica_flour “ chromium_steel * =1
lignosul_fonite " chromium_steel_hot_rolled | =
M~ * perlite Y i T
Ly 5 3 reservoir_enhancement
= water_in_cement_mix | 5§
water_in_drilling *1 ot water .
water_total -t diesel_burned *
| “  diesel_used_for_drilling <) | ( | I | |

Figure A10 ER diagram of reference flow data for construction phase (a partial view)
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s
T
well_drilling_and_casings P s
- - ~ cement_portland N
bentonite + é excavation_hydraulic_digger N iron_pell
Pl T ke . Caimie - —
] |_rout —
hydrochloric_acid_without_water " w0 _id Loy iron_pellet e
lubricating_oil * plant t iron_nickel_chromium_alloy —
reinforcing_steel - type t * drawing_of_pipe_steel l——"—77
sodium_hydroxide_without_water * natural_resources - wire_drawing_steel g
diesel_burned_in_diesel_electric_generating_set | parasitic_loads - ~—" polyethylene_pipe_dn_200_sdr_41 “———|
water_unspecified_natural_origin “ ° orc_refilled = ]
drilling_waste S fluid_treatment = b
- +
o im;al;&ef~“eel <) :;cg;leakage P, additional_pipelines E
121 [ | | ——
lignosulfonite “ well_drilling_and_casings i1 cement_portland B———————
perlite | © well_pads B chromium_steel_pipe - —
water_in_cement_mix “ additional_pipelines - * aluminium_primary_ingot_lower | —1
water_in_drilling * cooling_tower_cleaning_and_maintenance | © steel_low_alloyed -~ ‘
water_total * amis e aluminium_primary_ingot_larger
turbine >3 stone_wool_packed ¥
bi o - wellhead_equipment ‘| excavation -
orc_refilled ' ncgs Vop pumps_replacement - fill -
- r=———"  hash_sha256 t concrete ¥
—T—" r_134.a - carbon_dioxide | _wperm aluminium T
I-'— n_butane * hydrogen_sulfide | _rperm 1] mineral_wool I
it By ‘ hydrogen " _acl oo -
] leakage - methane * _created_at d Db
i - L
1 1) ammonia ! -~updated_at O cooling_tower_cleaning_and_maintenance b 1
i - " sodium_hypochlorite »
- . T : T e fresh_water_demand “
fluid_treatment wellhead_equipment o7t =
- ol obi —— T polyvinylchloride_bulk_polymerised -
sulfuric_acid = excavation - polyvinylchloride_emulsion_polymerised ]
o fill ) polyvinylchloride_suspension_polymerised *|
bb - ©  concrete * —  steel_chromium_steel_18_8 *
water_in_cement_mix b law__alloyed_steel 1 2
stainless_steel ~ “1— b N N
) value ¢ oal “ pumps_replacement | gravel_crushed ‘_f_‘ of
Z A steel_chromium_steel *) value t
) Obj | silica_flour 1 excavation_hydraulic_digger Yo low_alloyeq_sleel “
transportation -
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lubricating_oil
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Figure A11 ER diagram of reference flow data for operation and maintenance phase (a partial view)

Collection 'EolPhase’

EolPhase

o o _id
portland_cement il plant
type
© value -1 Obj process_name |
= * hash_sha256 t
o _wperm [
process_name T P ‘[
bj _acl
“  portland_cement “j--  _created_at d
* gravel -1 * _updated_at d
*  diesel =
J‘)Ej Obj Z,
= 0 1 I
diesel gravel
© value # © value

Figure A12 ER diagram of reference flow data for end-of-life phase (a partial view)
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Appendix B

Class documentation

Alphabetic Index

A

o AdiabaticCoolingSystem

C

o ConstructionPhase
o ConstructionPhaselmport

E

o EolPhase
o EolPhaselmport

N

o NewlpSeparator

0)

o OandmPhase
o OandmPhaselmport

P

o PhaseChangeMaterial
o PlantCharacterisation

R

o RetentionTank
o Role (Parse)

Documentation by YARD 0.9.27

Namespace Listing A-Z

S

o ScalingHeatExchanger
o ScalingReactor

o Session (parse)

o SteamAccumulator

o SteamTable

T

o TemporaryPassword

U

o User (parse)

w

o WaterThermocline
o WeatherDataFrankfurt
o WeatherDatalzmir

Figure B1 Class documentation homepage
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Class List

Classes | Methods | Files
Search:
Top Level Namespace
AdiabaticCoolingSystem < Obje
ConstructionPhase < Object
ConstructionPhaselmport < Obji
EolPhase < Object
EolPhaselmport < Object
OandmPhase < Object
OandmPhaselmport < Object
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < Object
PlantCharacterisation < Object
RetentionTank < Object
ScalingHeatExchanger < Object
ScalingReactor < Object
SteamAccumulator < Object
SteamTable < Object
TemporaryPassword < Object
WaterThermocline < Object
WeatherDataFrankfurt < Object
WeatherDatalzmir < Object

Index (N) » NewlpSeparator

Class: NewlpSeparator

Inherits: Parse::Object show all

Defined in: app/models/new_ip_separator.rb

Overview
NewlpSeparator
Examples:

# Initialize

new_ip_separator = NewIpSeparator.new(n)
# Commit changes

new_ip_separator.save

Constant Summary expand

DATA_QUALITY

Instance Attribute Summary expand

amount_of_tap_water_used_per_cleaning approximate_mass_of_the_separator_vessel_when_empty

approximate_transportation_distance_from_manufacturing_site_to_use_site

average_amount_of_cleaning_material_used_per_cleaning average_energy_needed_for_constructing

average_energy_needed_for_dismantling average_transportation_distance_for_transporting_materials

corrosion_allowance density_of_the_material frequency_of_cleaning_per_year inlet_brine_flow_rate

inner_diameter_of_the_vessel inner_surface_area_of_the_vessel inner_volume_of_the_vessel

length_of_the_vessel lifetime_of_the_separator mass_multiplication_factor material_type

outer_diameter_of_the_vessel pressure_of_new_ip_separator separation_pressure

thickness_of_the_top_bottom_plates thickness_of_the wall_of_the_vessel type volume

Figure B2 Class documentation of new IP separator

Class List

Classes | Methods | Files

Search
Top Level Namespace
AdiabaticCoolingSystem <
ConstructionPhase < Obje
ConstructionPhaselmport

EolPhase < Object

Class: PCMStorageSystem

Inherits: Parse::Object show all

Defined in: app/models/phase_change_material.rb

Overview

PhaseChangeMaterial

EolPt port < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Obj
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PlantCharacterisation < O
RetentionTank < Object
ScalingHeatExchanger < C
ScalingReactor < Object
SteamAccumulator < Obje
SteamTable < Object
TemporaryPassword < Ob
WaterThermocline < Obje:
WeatherDataFrankfurt < C

WeatherDatalzmir < Objec

# Initialize
pcm_storage_system = PCMStorageSystem.new(n)

# Commit changes
pcm_storage_system.save

Constant Summary expand
DATA_QUALITY
Instance Attribute Summary expand

aluminium_profile_material_grade aluminium_unit_cost amount_of_pcm_material

amount_of_pcm_material_loaded_initially  amount_of_tap_water_used_per_cleaning
annual_thermal_energy_stored anticipated_lifetime_of_the_pcm_storage_module
average_amount_of_cleaning_material_used_per_cleaning
average_energy_needed_for_dismantling average_energy_needed_for_producing
average_thickness_of_the_top_and_bottom_cover_plates

average_transportation_distance_of_raw_materials avg_disassembly_cost

Figure B3 Class documentation of PCM storage system
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Class List

Classes | Methods | Files

Search:
Top Level Namespace
AdiabaticCoolingSystem <
ConstructionPhase < Obje:

Parse::Role < Object
Parse::Session < Object

Parse::User < Object

ScalingReactor < Object
SteamAccumulator < Obje
SteamTable < Object
TemporaryPassword < Obj

WeatherDataFrankfurt < O!
WeatherDatalzmir < Objec

WaterThermocline < Object

Index (R) » RetentionTank

Class: RetentionTank

Inherits: Parse::Object show all
Obje

= Defined in: app/models/retention_tank.rb

ConstructionPhaselmport < Objt

EolPhase < Object Overview
EolPhaselmport < Object RetentionTank
NewlpSeparator < Object

OandmPhase < Object Examples:
OandmPhaselmport < Object # Initialize

retention_tank = RetentionTank.new(n)
# Commit changes
retention_tank.save

PhaseChangeMaterial < Object

Constant Summary expand

PlantCharacterisation < Object

RetentionTank < Object DATA_QUALITY

ScalingHeatExchanger < Object

Instance Attribute Summary expand
ct

anticipated_lifetime_of_the_retention_tank approximate_amount_of_high_pressure_water_used_per_cleaning
ect approximate_mass_when_empty average_thickness_of_the_wall_of_the_tank average_transporation_unit_cost_
average_transportation_distance_for_raw_materials average_unit_cost_of_3041_material

bject
average_unit_cost_of_rockwool_material average_unit_cost_of_sa516_gr_70_material capacity

t
corrosion_allowance density_of_rockwool_material density_of_structural_material design_pressure
design_temperature disassembly_cost_per_kg_of_material dismantling_energy_needed_for_the_tank
energy_needed_for_constructing_retention_tank
estimated_transportation_distance_from_manufacturing_site_to_use_site flow_rate_of_water fluid_type
frequency_of_cleaning_per_year hydraulic_test_pressure inner_diameter_of_the_tank insulation_material
insulation_thickness labour_time_per_cleaning landfill_or_incineration_unit_cost length_of_the_tank

manufacturing_factor mass_multiplication_factor maximum_fluid_contained operating_pressure

Figure B4 Class documentation of retention tank

Class List

Classes | Methods | Files
Search

Top Level Namespace

EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Obje
Parse::Role < Object
Parse::Session < Object

Parse::User < Object

RetentionTank < Object

gHeatExchang

ScalingReactor < Object
SteamAccumulator < Objec
SteamTable < Object

WeatherDatalzmir < Object

AdiabaticCoolingSystem < Objet
ConstructionPhase < Object

WaterThermocline < Object

Index (5) » ScalingHeatExchanger

Class: ScalingHeatExchanger

Inherits: Parse:Object show all

Defined in: app/models/scaling_heat_ ]

ConstructionPhaselmport < Obji

Overview
ScalingHeatExchanger
Examples:
5 # Initialize
scaling_heat_exchanger = ScalingHeatExchanger.new(n)

# Commit changes
scaling_heat_exchanger.save

PhaseChangeMaterial < Object
PlantCharacterisation < Object

Constant Summary expand
DATA_QUALITY
Instance Attribute Summary expand

t
amount_of_cleaning_material_used_per_cleaning amount_of_tap_water_used_per_cleaning

TemporaryPassword < Object annual_income_from_the_selling approximate_mass_of_one_gasket_material approximate_mass_when_empty

approximate_mass_with_full_of_water approximate_transportation_distance_from_manufacturing_site_to_use_site

WeatherDataFrankfurt < Object

average_annual_operating_hours average_energy_needed_for_dismantling
average_energy_needed_for_production_of_hx average_thickness_of_the_frame_and_pressure_plate
average_transporation_air_unit_cost_including_custom_excise_duty
average_transportation_distance_of_raw_material brine_inlet_temperature brine_outlet_temperature
brine_pressure_drop cleaning_material delta_t density_of_frame_and_pressure_plate_material
density_of_support_rod_material design_pressure design_temperature dh_selling_price
diameter_of_the_support_rod dimension_of_the_unit disassembly_cost_per_kg_of_material

dismantling_cost_per_kg estimated_capacity_of_the_thermal_plant exchanged_surface extension_capacity

Figure B5 Class documentation of scaling heat exchanger
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Class List
Classes | Methods | Files

Search
Top Level Namespace
AdiabaticCoolingSystem < Obje:
ConstructionPhase < Object
ConstructionPhaselmport < Objs
EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Object
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < Object
PlantCharacterisation < Object
RetentionTank < Object
ScalingHeatExchanger < Object
SteamAccumulator < Object
SteamTable < Object
TemporaryPassword < Object
WaterThermocline < Object
WeatherDataFrankfurt < Object
WeatherDatalzmir < Object

Index (5) » ScalingReactor

Class: ScalingReactor

Inherits: Parse::Object show all

Defined in: app/models/scaling_reactor.rb

Overview
ScalingReactor
Examples:
# Initialize
scaling_reactor = ScalingReactor.new(n)

# Commit changes
scaling_reactor.save

Constant Summary expand
DATA_QUALITY
Instance Attribute Summary expand

anticipated_amount_of_silica_material_recovered_per_year anticipated_frequency_of_cleaning_per_year

anticipated_lifetime_of_the_scaling_reactor approximate_amount_of_high_pressure_water_used_per_cleaning

approximate_mass_when_empty  average_thickness_of_the_wall_of_structure

average_thickness_of_the_wall_of_the_panels average_transporation_unit_cost_

average_transportation_distance_for_raw_materials average_unit_cost_of_3041_material

average_unit_cost_of_rockwool_material average_unit_cost_of_sa516_gr_70_material capacity

corrosion_allowance density_of_panel_material density_of_rockwool_material density_of_structural_material

design_pressure  design_temperature disassembly_cost_per_kg_of_material

dismantling_energy_needed_for_the_reactor energy_needed_for_constructing_scaling_reactor

estimated_transportation_distance_from_manufacturing_site_to_use_site flow_rate_of water fluid_type

frequency_of_cleaning_per_year height_of_the_reactor hydraulic_test_pressure insulation_material

Figure B6 Class documentation of scaling reactor

Class List

Classes | Methods | Files
Search:
Top Level Namespace
AdiabaticCoolingSystem < Objet
ConstructionPhase < Object
ConstructionPhaselmport < Objt
EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Object
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < Object
PlantCharacterisation < Object
RetentionTank < Object
ScalingHeatExchanger < Object
ScalingReactor < Object
SteamTable < Object
TemporaryPassword < Object
WaterThermocline < Object
WeatherDataFrankfurt < Object
WeatherDatalzmir < Object

Index (S) » SteamAccumulator

Class: SteamAccumulator

Inherits: Parse::Object show all

Defined in: app/models/steam_accumulator.rb

Overview

SteamAccumulator

Constant Summary expand
DATA_QUALITY
Instance Attribute Summary expand

amount_of_tap_water_used_per_cleaning annual_thermal_energy_stored average_amount_of_cleaning_material

average_energy_needed_for_dismantling_the_structure average_energy_needed_for_producing

average_thickness_of_the_cover_plates average_thickness_of_the_wall_of_the_shell

average_transportation_distance cleaning_material_type density_of_rockwool_material

density_of_shell_and_cover_plate_material density_of_the_aluminium_material

estimated_mass_of_the_sam_when_empty  frequency_of_cleaning_per_year how_much_thermal_energy_stored_per_day

inner_diameter_of_the_shell input_temperature_of_steam insulating_material_types 1length_of_the_shell

lifetime_of_the_sasm material_multiplication_factor material_of_the_shell_and_cover_plates

number_of_cycle_per_day number_of_operating_days_in_a_year outer_diameter_of_the_shell

outlet_temperature_of_steam storage_capacity thickness_of_the_aluminium_sheet

thickness_of_the_insulating_material total_thermal_energy_stored_over_its_lifetime

transportation_distance_of_steam_accumulator type_of_aluminium_sheet volume_of_the_module

expand

Class Method Summary

data_qualities human_enum_name

Figure B7 Class documentation of steam accumulator
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Class List

Classes | Methods | Files

Search
Top Level Namespace
AdiabaticCoolingSystem < Obje«
ConstructionPhase < Object
ConstructionPhaselmport < Obji
EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Object
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < Object
PlantCharacterisation < Object
RetentionTank < Object
ScalingHeatExchanger < Object
ScalingReactor < Object
SteamAccumulator < Object
SteamTable < Of

t
TemporaryPassword < Object
WaterThermocline < Object
WeatherDataFrankfurt < Object
WeatherDatalzmir < Object

Index (5) » SteamTable

Class: SteamTable

Inherits: Parse:Object show all

Defined in: app/models/steam_table.rb

Overview
SteamTable
Examples:
# Initialize
steam_table = SteamTable.new(n}

# Commit changes
steam_table.save

Instance Attribute Summary expand

enthalpy_of_evaporization enthalpy_of_liquid enthalpy_of_vapor pressure specific_gravity_of_liquid
specific_gravity_of_vapor temperature
Instance Attribute Details
#enthalpy_of_evaporization - Object
Returns the steam table enthalpy of evaporization.
Examples:
# Set
steam_table.enthalpy_of_evaporization = {value: 3980, unit: 'kl/kg'}
# Get

steam_table.enthalpy_of_evaporization
# => {value: 3988, unit: 'kJ/kg'}

Returns:
= (Object) — the steam table enthalpy of evaporization

Figure B8 Class documentation of steam table

Class List

Classes | Methods | Files

Search
Top Level Namespace
AdiabaticCoolingSystem < Obje«
ConstructionPhase < Object
ConstructionPhaselmport < Obji
EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Object
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < Object
PlantCharacterisation < Object
RetentionTank < Object
ScalingHeatExchanger < Object
ScalingReactor < Object
SteamAccumulator < Object
SteamTable < Object
TemporaryPassword < Object

WeatherDataFrankfurt < Object

WeatherDatalzmir < Object

Index (W) » WaterThermocline

Class: WaterThermocline

Inherits: Parse::Object show all

Defined in: app/models/water_thermocline.rb

Overview
WaterThermocline
Examples:
# Initialize
water_thermocline = WaterThermocline.new(n)

# Commit changes
water_thermocline.save

Constant Summary expand
DATA_QUALITY
I e Attribute S y expand

amount_of_tap_water_used_per_cleaning annual_thermal_energy_stored

average_amount_of_cleaning_material_used_per_cleaning average_energy_needed_for_dismantling

average_energy_needed_for_producing average_thickness_of_the_top_and_bottom_cover

average_transporation_unit_cost average_transportation_distance_for_raw_materials

average_unit_cost_of_the_rockwool_material average_unit_cost_of_the_shell_and_cover_material

charging_pressure charging_temperature cleaning_material_type density_of_rockwool_material

density_of_shell_and_cover_plate_material estimated_mass_of_the_water_thermocline_module_when_empty

frequency_of_cleaning_per_year how_much_thermal_energy_stored_per_day inner_diameter_of_the_shell

insulation_material labour_time_per_cleaning landfill_or_incineration_unit_cost

length_of_the_shell_structure 1lifetime_of_the_water_thermocline_storage_module manufacturing_factor

mass_multiplication_factor material_of_the_shell_and_cover_plates number_of_cycle_per_day

Figure B9 Class documentation of water thermocline
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Class List

Classes | Methods
Search:

Files

Top Level Namespace
ConstructionPhase < Obje
ConstructionPhaselmport
EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Obj
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < O
PlantCharacterisation < O
RetentionTank < Object
ScalingHeatExchanger < C
ScalingReactor < Object
SteamAccumulator < Obje
SteamTable < Object
TemporaryPassword < Ob
WaterThermocline < Obje:
WeatherDataFrankfurt < C

WeatherDatalzmir < Objet

Index (A) »» AdiabaticCoolingSystem

Class: AdiabaticCoolingSystem

Inherits: Parse::Object show all

Defined in: app/models/adiabatic_cooling_system.rb

Overview
AdiabaticCoolingSystem
Examples:

# Initialize

adiabatic_cooling_system = AdiabaticCoolingSystem.new(n)
# Commit changes

adiabatic_cooling_system.save

Instance Attribute Summary expand

assumed_design_rh  assumed_design_temperature

corresponds_to_electrical_production_increase

corresponds_to_electricity_production_increase decrease_of_the_ambient_air_temperature

expected_air_flow_per_fan extracted_water_hardness extracted_water_temperature

extracted_water_type maxipossihilityftnfinc rease_rh

maximum_decrease_of_the_ambient_air_temperature  maximum_groundwater_withdrawal_rate

orc_fluid relative_humidity_of_ambient_air total_air_flow_rate total_no_of_fans

water_pressure_at_the_inlet_of_sprayers

Figu

re B10 Class documentation of adiabatic cooling system

Class List

Classes | Methods | Files

Search:

Top Level Namespace

AdiabaticCoolingSystem <
ConstructionPhaselmport
EolPhase < Object
EolPhaselmport < Object
NewlpSeparator < Object
OandmPhase < Object
OandmPhaselmport < Obj
Parse::Role < Object
Parse::Session < Object
Parse::User < Object
PhaseChangeMaterial < O
PlantCharacterisation < O
RetentionTank < Object
ScalingHeatExchanger < C
ScalingReactor < Object
SteamAccumulator < Obje
SteamTable < Object
TemporaryPassword < Ob
WaterThermocline < Obje:
WeatherDataFrankfurt < C

WeatherDatalzmir < Objet

Index (C) » ConstructionPhase

Class: ConstructionPhase

Inherits: Parse::Object show all

Defined in: app/models/construction_phase.rb

Class Method Summary expand
human_enum_name
Instance Method Summary expand

check_air_coolers_format check_amis_format check_binary_unit_format

check_cementation_format check_condenser_format check_cooling_tower_format

check_deep_wells_format check_drill_site_format check_drilling_mud_format

check_gas_compressor_format check_gas_intercooler_format check_generator_format

check_geofluid_cycle_format check_heat_exchanger_format

check_mechanical_and_electrical_components_format check_orc_feed_pump_format

check_orc_group_format check_orc_pipes_format check_orc_turbine_format

check_pipelines_format check_plant_buildings_format

check_refrigerant_initially_loaded_format check_reservoir_enhancement_format

check_shallow_wells_format check_transport_format check_turbine_format

check_well_casings_and_drilling_format check_well_pads_format

check_wellhead_equipment_format  datatable_json ensure_formats ensure_hash_sha256

Figure B11 Class documentation of reference flow data for construction phase
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Class List Index (O) » OandmPhase
Classes | Methods | Files
s Class: OandmPhase

Top Level Namespace

Inherits: Parse::Object
AdiabaticCoolingSystem < Wil O

ConstructionPhase < Obje Defined in: app/models/oandm_phase.rb

ConstructionPhaselmport
EolPhase < Object Class Method Summary
EolPhaselmport < Object

human_enum_name
NewlpSeparator < Object

OandmPhase < Object

O rer ok Instance Method Summary

Parse::Role < Object check_additional_pipelines_format check_amis_format

Parse::Session < Object
check_cooling_tower_cleaning_and_maintenance_format
Parse::User < Object

PhaseChangeMaterial < O check_natural_resources_format check_ncgs_format

RetentionTank < Object
ScalingHeatExchanger < C
ScalingReactor < Object
SteamAccumulator < Obje
SteamTable < Object Class Method Details

TemporaryPassword < Ob
ROT2:Y .human_enum_name(enum_name, enum_value) - Object

WaterThermocline < Obje

WeatherDataFrankfurt < C [View source]

WeatherDatalzmir < Objec

PlantCharacterisation < O check_orc_refilled_format check_parasitic_loads_format

show all

expand

expand

check_fluid_treatment_format

check_orc_leakage_format

check_pumps_replacement_format

check_turbine_format check_well_drilling_and_casings_format check_well_pads_format

check_wellhead_equipment_format datatable_json ensure_formats ensure_hash_sha256

Figure B12 Class documentation of reference flow data for operation & maintenance phase

Class List Index (E) » EolPhase

Classes | Methods | Files

search: Class: EolPhase

Top Level Namespace

Inherits: Parse::Object
AdiabaticCoolingSystem < .
ConstructionPhase < Obje Defined in: app/models/eol_phase.rb

ConstructionPhaselmport

EolPhase < Object Class Method Summary

EolPhaseimport < Object
human_enum_name

NewlpSeparator < Object
OandmPhase < Object

OandmPhaselmport < O INstance Method Summary

Parse::Role < Object
Parse::Session < Object
Parse::User < Object

. Class Method Details
PhaseChangeMaterial < O

PlantCharacterisation <O human_enum_nameCenum_name, enum_value) = Object

RetentionTank < Object

i
ScalingHeatExchanger < C View source]
ScalingReactor < Object

Instance Method Details
SteamAccumulator < Obje

SteamTable < Object #check_process_name_format - Object
TemporaryPassword < Ob

WaterThermocline < Obje (view source]

WeatherDataFrankfurt < C

WeatherDatalzmir < Objec ~ #datatable_json = Object

show all

expand

expand

check_process_name_format datatable_json ensure_formats ensure_hash_sha256

Figure B13 Class documentation of reference flow data for end-of-life phase
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Appendix C
RESTFULAPI LIST
Method URI Description
GET /vl/storage/schemas Retrieving all Schemas
GET /vl/storage/schemas/:className Retrieving a Class schema
POST /vl/storage/schemas Creating a Class schema
PUT /vl/storage/schemas/:className Updating a Class schema
DELETE /v1/storage/schemas/:className Deleting a Class schema
POST /vl/storage/classes/SteamTable Creating a SteamTable object
PUT /v1/storage/classes/SteamTable/:object!d Updating a SteamTable object
GET /vl/storage/classes/SteamTable/:objectld Retrieving a SteamTable object
GET /vl/storage/classes/SteamTable Querying SteamTable objects
DELETE /vl/storage/classes/SteamTable/:objectld Deleting a SteamTable object
POST /vl/storage/classes/WeatherDatalzmir Creating a WeatherDatalzmir object
PUT /vl/storage/classes/WeatherDatalzmir/:object | Updating a WeatherDatalzmir object
Id
GET /vl/storage/classes/WeatherDatalzmir/:object | Retrieving a WeatherDatalzmir object
Id
GET /vl/storage/classes/WeatherDatalzmir Querying WeatherDatalzmir objects
DELETE /v1/storage/classes/WeatherDatalzmir/:object | Deleting a WeatherDatalzmir object
Id
POST /vl/storage/classes/WeatherDataFrankfurt Creating a WeatherDataFrankfurt
object
PUT /vl/storage/classes/WeatherDataFrankfurt/:o | Updating a WeatherDataFrankfurt
bjectld object
GET /v1/storage/classes/WeatherDataFrankfurt/:o | Retrieving a WeatherDataFrankfurt
bjectld object
GET /vl/storage/classes/WeatherDataFrankfurt Querying WeatherDataFrankfurt
objects
DELETE /vl/storage/classes/WeatherDataFrankfurt/:o | Deleting a WeatherDataFrankfurt
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bjectld object

POST /vl/storage/classes/SteamAccumulator Creating a SteamAccumulator object

PUT /v1/storage/classes/SteamAccumulator/:objec | Updating a SteamAccumulator object
tid

GET /vl/storage/classes/SteamAccumulator/:objec | Retrieving a SteamAccumulator object
tld

GET /vl/storage/classes/SteamAccumulator Querying SteamAccumulator objects

DELETE /v1/storage/classes/SteamAccumulator/:objec | Deleting a SteamAccumulator object
tld

POST /vl/storage/classes/PhaseChangeMaterial Creating a PhaseChangeMaterial

object

PUT /v1/storage/classes/PhaseChangeMaterial/:ob | Updating a PhaseChangeMaterial
jectld object

GET /vl/storage/classes/PhaseChangeMaterial/:ob | Retrieving a PhaseChangeMaterial
jectld object

GET /vl/storage/classes/PhaseChangeMaterial Querying PhaseChangeMaterial

objects

DELETE /vl/storage/classes/PhaseChangeMaterial/:ob | Deleting a PhaseChangeMaterial
jectld object

POST /v1/storage/classes/WaterThermocline Creating a WaterThermocline object

PUT /v1/storage/classes/WaterThermocline/:objec | Updating a WaterThermocline object
tid

GET /vl/storage/classes/WaterThermocline/:objec | Retrieving a WaterThermocline object
tld

GET /v1/storage/classes/WaterThermocline Querying WaterThermocline objects

DELETE /vl/storage/classes/WaterThermocline/:objec | Deleting a WaterThermocline object
tld

POST /v1/storage/classes/NewlpSeparator Creating a NewlpSeparator object

PUT /vl/storage/classes/NewlpSeparator Updating a NewlpSeparator object
/:objectld

GET /vl/storage/classes/NewlpSeparator Retrieving a NewlpSeparator object
/:objectld

GET /v1/storage/classes/NewlpSeparator Querying NewlpSeparator objects
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DELETE /v1/storage/classes/NewlpSeparator Deleting a NewlpSeparator object
/:objectld
POST /vl/storage/classes/ScalingHeatExchanger Creating a ScalingHeatExchanger
object
PUT /vl/storage/classes/ScalingHeatExchanger/:ob | Updating a ScalingHeatExchanger
jectld object
GET /v1/storage/classes/ScalingHeatExchanger/:ob | Retrieving a ScalingHeatExchanger
jectld object
GET /vl/storage/classes/ScalingHeatExchanger Querying ScalingHeatExchanger
objects
DELETE /v1/storage/classes/ScalingHeatExchanger/:ob | Deleting a ScalingHeatExchanger
jectld object
POST /vl1/storage/classes/RetentionTank Creating a RetentionTank object
PUT /v1/storage/classes/RetentionTank/:objectld Updating a RetentionTank object
GET /vl/storage/classes/RetentionTank/:objectld | Retrieving a RetentionTank object
GET /v1/storage/classes/RetentionTank Querying RetentionTank objects
DELETE /vl/storage/classes/RetentionTank/:objectld Deleting a RetentionTank object
POST /v1/storage/classes/ScalingReactor Creating a ScalingReactor object
PUT /vl/storage/classes/ScalingReactor/:objectld | Updating a ScalingReactor object
GET /vl/storage/classes/ScalingReactor/:objectld | Retrieving a ScalingReactor object
GET /vl/storage/classes/ScalingReactor Querying ScalingReactor objects
DELETE /vl/storage/classes/ScalingReactor/:objectld | Deleting a ScalingReactor object
POST /v1/storage/classes/AdiabaticCoolingSystem Creating a AdiabaticCoolingSystem
object
PUT /v1/storage/classes/AdiabaticCoolingSystem/: | Updating a AdiabaticCoolingSystem
objectld object
GET /v1/storage/classes/AdiabaticCoolingSystem/: | Retrieving a AdiabaticCoolingSystem
objectld object
GET /v1/storage/classes/AdiabaticCoolingSystem Querying AdiabaticCoolingSystem
objects
DELETE /v1/storage/classes/AdiabaticCoolingSystem/: | Deleting a AdiabaticCoolingSystem
objectld object
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POST /v1/storage/classes/PlantCharacterisation Creating a PlantCharacterisation object

GET /vl/storage/classes/PlantCharacterisation/:ob | Retrieving a PlantCharacterisation
jectld object

GET /v1/storage/classes/PlantCharacterisation Querying PlantCharacterisation objects

DELETE /vl/storage/classes/ PlantCharacterisation Deleting a PlantCharacterisation object
/:objectld

POST /v1/storage/classes/EolPhase Creating a EolPhase object

PUT /v1/storage/classes/EolPhase/:objectld Updating a EolPhase object

GET /vl/storage/classes/EolPhase/:objectld Retrieving a EolPhase object

GET /v1/storage/classes/EolPhase Querying EolPhase objects

DELETE /v1/storage/classes/EolPhase/:objectld Deleting a EolPhase object

POST /v1/storage/classes/ConstructionPhase Creating a ConstructionPhase object

PUT /vl/storage/classes/ConstructionPhase/:objec | Updating a ConstructionPhase object
tid

GET /vl/storage/classes/ConstructionPhase/:objec | Retrieving a ConstructionPhase object
tid

GET /v1/storage/classes/ConstructionPhase Querying ConstructionPhase objects

DELETE /vl/storage/classes/ConstructionPhase/:objec | Deleting a ConstructionPhase object
tid

POST /v1/storage/classes/OandmPhase Creating a OandmPhase object

PUT /vl/storage/classes/OandmPhase/:objectld Updating a OandmPhase object

GET /vl/storage/classes/OandmPhase/:objectld Retrieving a OandmPhase object

GET /v1/storage/classes/OandmPhase Querying OandmPhase objects

DELETE /v1/storage/classes/OandmPhase/:objectld Deleting a OandmPhase object

Table C1 RESTful APl methods, URI, and description
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Appendix D

Data management components

GE®SMART o -

Home
Utilities Thermal Energy Storage System Separator Scaling Reduction System Adiabatic Cooling System Plants Reference Flow Data

~ Scaling Heat Exchanger

[+] Add Scaling Heat Exchanger

» Retention Tank

» Scaling Reactor

Figure D1 The GeoSmart data management component for scaling reduction system
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GE®SMART

Account -
Home / Scaling Heat Exchangers / PFTOvLPVdb
 — .
=== 3198kW Scaling Heat Exchanger
Items Amount / Quantity Units Symbol EZZiW
Hx Type Plate
Technology Options Plate & gasketed
Plate Material Type Titanium
Plate Material Grade TASME SRpcaRe
Plate material density (kg/m®) 4510 kg/m* P primary
Plate material thickness (mm) 0.6 mm t primary
Number of plates 53 N primary
Gasket Material And Fixing NBRP ClipGrip™
Extension Capacity 17 plates
Dimension of the unit (mm) mm primary
Brine Inlet temperature (°C) 105 °C Tan primary
‘Water inlet temperature (°C) 25 °C Tw" primary
Brine Outlet temperature (°C) 50 °C Teout primary
‘Water outlet temperature (°C) 55 °C Twout primary
Brine Pressure drop (kPa) 347 kPa primary
Figure D2 Example data of scaling heat exchanger (3198kW)
GE@SMART o -
Home ' Retention Tanks ' pcP8pM700k
s= 10.014m’ Retention Tank
Items (AIT::::; Units Symbol gz:iw
Capacity [m%) 10014 m primary
Approximate mass when empty (kg) 1310 kg M. primary
Maximum fluid contained (kg) 5040 kg primary
Operating weight (kg) 6350 kg primary
Test weight (kg) 6200 ke primary
Retention time (min) 120 min RT primary
Design pressure (barg) 0.35 barg Pz primary
Operating pressure (barg) 0.3 barg Ps primary
Design temperature (°C) 100 °C T= primary
Operating temperature (°C) 50 °C To primary
Hydraulic test pressure (barg) 0.53 barg primary
Fluid Type Geofluid
State Of Fluid Liquid
Corrosion allowance (mm) 3 mm primary
Length of the tank (mm]) 5500 mm L primary
Outer dizmeter of the tank (mm) 1500 mm oD, primary

Figure D3 Example data of retentiontank (10.014m3)
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GE®SMART e

Home ' Scaling Reactors / IQ2PFcokQD

- —

== 10.69m? Scaling Reactor
Items gr::r:lt?:y/ Units Symbol zzziwty
Capacity (m?) 1069 m? primary
Approximate mass when empty (kg) 3720 kg M, primary
Maximum fluid contained (kg) 5090 kg primary
Operating weight (kg) 9050 kg primary
Test weight (ks) 8650 kg primary
Retention time (min} 120 min RT primary
Design pressure (barg) 035 barg P: primary
Operating pressure (barg) 0.3 barg Po primary
Design temperature (°C) 100 °C Ts primary
Operating temperature (°C) 50 L Te primary
Hydraulic test pressure (barg) 0.53 barg primary
Fluid Type Geaofluid
State Of Fluid Liguid
Corrosion allowance (mm) 4] mm primary
Length of the reactor (mm) 4000 mm L. primary

Figure D4 Example data of scaling reactor (10.69m3)

GE(®SMART e <

Home

Utilities Thermal Energy Storage System Separator Scaling Reduction System Adiabatic Cooling System Plants Reference Flow Data

~ Adiabatic Cooling System

(+] Add Adiabatic Cooling System

Figure D5 The GeoSmart data management component for adiabatic cooling system
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GE®SMART s -
Home / adiabatic_cooling_system / Ag2DJjUé2c
- — . . .
== Adiabatic Cooling System
Parameters Values & Units
Orc Fluid Isopentane
Assumed Design Temperature 30°C
Assumed Design Rh 60 %
Maximum Decrease Of The Ambient Air Temperature 5.6°C
Corresponds To Electricity Production Increase 38%
Decrease Of The Ambient Air Temperature 25°C
Corresponds To Electrical Production Increase 16°C
Decrease Of The Ambient Air Temperature 25°C
Corresponds To Electrical Production Increase 16°C
Relative Humidity Of Ambient Air 65-80% April - October
Max Possibility To Increase Rh 5%
Maximum Groundwater Withdrawal Rate 4.7 litre/sec 17t/
Extracted Water Hardness 28.4°dH
Extracted Water Temperature 7-9°C

Figure D6 Example data of adiabatic cooling system

GE(®SMART e

Home

Utilities Thermal Energy Storage System Separator Scaling Reduction System Adiabatic Cooling System Plants Reference Flow Data

Figure D7 The GeoSmart data management component for plant basic data
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GE®SMART —
Home
Utilities Thermal Energy Storage System Separator Scaling Reduction System Adiabatic Cooling System Plants Reference Flow Data

--

Figure D8 The GeoSmart data management component for reference flow data
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