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1 EXECUTIVE SUMMARY

1.1 DESCRIPTION OF THEEIVERABLE CONTEND RAURPOSE

Commercial exploitation of energy from medium and {@mperature geothermal sources and
economy of associated investment projectsesy questionable at the moment. In order to help
investors that are interested to these specific locations and also to boost later deliverables,
namely D4.5, D7.2, D7.3 and D7.4. in scope of MEET project, it is crucial to develop satisfactory
level of suport that can be used for every site of interest and for different ways of geothermal
energy exploitation that is mainly driven by features of available geothermal brine from one side
and also needs for thermal energy and proximity of both heating and poagsumption on the

other hand.

Ly GKS FNIYSg2N] 2F GKS 2t 1 Eomomit &8 envirenmanml a 9 9
assessment for EGS integration into energy systes | y R Dédvélopbment ©@fMD¥cisién

Making Support Tool for Optimal Usage@eothermal Energy FANB G RSt A OSNI 0 f
Access Decision Support Tool for Optimal Usage of Geothermal Energy, that combines technical,
economic, environmental and social aspects of geothermal projects and therefore provides
background for a aoprehensive assessment of EGS projects. It is designed in such a way that
should enable investors to compare different approaches of geothermal energy usage and
choose that with the best performance by integrating EGS into the electric and/or heat systems.

Decision making support tool (DMT) can be used for obtaining economic criteria like IRR (Internal
Rate of Return), LCOE (Levelized Cost of Energy) and NPV (Net Present Value). Most of the input
parameters that can be exactly monetarized have an optiaoheeiby default values or user
specified, for associated costs input. Other parameters that are hard to monetarized, such as
social acceptance, environmental aspects and others are taken into account in last stage of
grading of specific EGS project usingltiple-criteria decisioamaking (MCDM) approach that
enables comparison between several approaches and/or different sites. MCDM also allows user
specific attitudes (subjective goals) by putting different weights to specific influencing factors.

The prepaation, organization and structure of MEET project and associated partner consortium
have allowed to switch focus from modelling and exploring the geothermal potential in different
locations (that will be provided from different partners from other WPs aetiverables) to
modelling above surface phenomena.this way, a better approach to an asses energy transfer
from its geothermal source to final users is allow@&tere is still incorporated special module
within DMT that can provide rough estimates @othermal potential (based on results from 6th
Research and Development framework of the European Union profedGINE) for those future
users that do not possess those data or do not have better means of approximation.

The nain part of D7.1 ishe tool itself that is modéed in MATLAB and is provided without any
constrictions tathe public (especially research community). The other important part of D7.1 is

this report that provides necessary explanations of used approaches, assumptions and
descriptionof applications and functions modelled and incorporated within DMT. This report will
Ffad2 LINPDARS YIydzr {2 020KdzZASNROD2¢gNRPAASNERTR
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in further development and analysis of provided DMT model. Main stk GUI interface
features are intensively elaborated withthe text. It is also important to mention that all
functions in MATLAB are provided with basic explanations within lines of code, in order to help
future researchers to better cope with code standard knowledge transfer in scientific
community.

1.2 DESCRIPTION OF TH#ER MANUADRELIVERABLE CONTEND
PURPOSE

This report provides information for using and understanding the Decldiaking Support Tool

for Optimal Usage of Geothermal Energy (BMBGE). DMSOUGE is used for conducting
techno-economic analysis, alongside with environmental and social impacts of enhanced
geothermal system (EGS) projects. Based on the input data provided by the user -atedipeel
default values, DMFOUGE allows eltion of different scenarios and estimates costs related

to generating electrical power, producing heating energy or both, i.e. combined heat and power
LINE RdzOGA2Y 6/ 1t 0@ ¢KS LINRP2SOGSR O2aia (KNRdz3
are usel to interpret one of the main economic outputs, the levelized cost of energy (LCOE).
The DMSTOUGE is developed and modelled as part of Horizon 2020 MEET project
(Multidisciplinary and mulicontext demonstration of EGS exploration and Exploitation
Technjues and potentiajs The purpose behind DMSh | D9 Q& RS @St 2LIYSy
decisionmaking process in order to help potential investors and developers to invest in EGS
technology in various geological settings.

The DMSTOUGE User Manual provides a comprehensive overview of this MAasad tool,

how to use it, its limitations, and how to interpret the obtained results. It designates the
parameters that can be inputted manually (by the user), as well as thosatbgredefined as
fixed default values or automatically imported from external data bases. Moreover, since the tool
itself is a usefriendly application, the manual lists and describes the main application, as much
as all the sufapplications that areneeded to obtain optimal results for desired scenario.
Description of the application and swpplications consist ahtroductory part, their purposes,

and how to use them. By defining different set of input parameters, the user creates different
scenarie of endapplication of geothermal energy at the chosen site and geological setting.
Furthermore, after gathering all the input parameters and conducting teeganomic analysis,

the user is additionally provided with muttriteria decisioamaking (MCDManalysis.The
MCDM as a subprocess of the DMISUGE will enable a comprehensive understanding of the
interaction between economic, geological, social, and technical uncertainty.

1.3 BRIEF DESCRIPTIONBE STATE OF THH ARID THE INNOVATION
BREAKTHROUGHS

In comparison to most widely applied RES techniques, namely onshore wind and solar
photovoltaic, geothermal energy daa significantly lower contribution to final energy
consumption. Fronthe year 2005. tilthe year 2013. onshore wind production had gréwtte

9
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of 8%, solar photovolta 65% and geothermal was quite steady with growth rate of[3Po6
[Geothermal energy has several strong advantages over wind and solar power. Ithe nain
intermittent source of energy, it reahigh capacity factor (around 90%) and it takes significantly
less area to be implemented and therefore hakwer environmental impaci6].

At the moment, the geothermal power industry does not have quality economic ddieaitors

that it can rely on, that is one dhe reasons for its slow progress. It is therefore of greatest
importance to provide both policymakers and investors with more detailed economic data in
order to make their energy decisions easier. Levelized ob&lectricity/energy (LCOE) is a
common metric used when considering energy solutions but due tespieific features it is
difficult to estimate the cost o new project [7].

LCOE takes into account: capitatts, fuel costs, fixed and variable operations and maintenance
(O&M) costs, financing costs and other. The importance of these factors varies among the
technologies. According tf¥] average LCOE cost for geothermal projentshe U.S. energy
market was $39.5/ MWh (2016.The same source claims LCOE for Wind (onshore) of $50.9/
MWh and solar PV at $58.2, making geothermal overall most attractive RES source. According to
[8]in 2012 LCOE for geotimal power plants varied from EUR-80 MWh for hightemperature

plants and EUR 10Q00/MWh for lowtemperature plants. The LCOE for Enhanced Geothermal
System power plants was between EUR-300/MWh. It is important to stress that presented
values can ary significantly from case to case and from site to site in the case of geothermal
energy, therefore imposing significant risk for investors, especially in early project stages
(measurements, drilling etc.).

Besides electricity generation, MEET propdsb considers uses of geothermal energy for heating
purposes such as space heating/conditioning, agriculture and aquaculture, process water for
industrial purposes if there ia certain industrial facility in proximity. It is therefore important
also toinvestigate LCOH (Levelized cost of heat) for EGS projects.

In these circumstancesertain decisioamaking help by software tools is more than welcomed,
especially due to many skgpecific affecting factors. Decision tool that is not open access and
requires certain preprocessing providapure economic analysis of defined solution &groject

is available if10]. It is not focused solely on geothermal energy but has more general approach.

A more advanced excel based tool madehe scope of FP6 project: Enhanced Geothermal
Innovative Network for Europe, ENGINH has incorporated geabermal reservoir model but

with that approach only simple techreconomic performance estimation can be given that is

not able to predict near correct LCOE of specific EGS project. There are also studies that have
focused either on economic assessmEl@], [11] or environmental assessment based on the life
cycle environmental impact of geothermal power generation as studiddah [13]. Areview

paper [14] presents existing software packages for estimating and simulating costs of EGS
facilities. The review is mainly focused on the European software EURONAUT and the US software
GEOPHIRES. EURONAUT, that is gexeklmased on the studies from the EGS plant in Soultz
souskForéts, provides economic estimations via discontinuous cash flows. Various interfaces are
possible to be used in order to integrate calculations from separated modules. GEOPHIRES
software incorpoates reservoir, wellbore, and power plant models with capital and operating

10
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costs, correlations and financial levelized cost model to assess the technical and economic
performance of EGS. The Geothermal Energy Technology Evaluation Model (@ET&M)Hot

Dry Rock economic model (HDRE®], are another examples of models that can be used to
evaluatethe performance of the EGS plant. Most of these models are either focused on solely
electricity or heat production but do not permit the assessment of combined heat and power
production. In this sense, already mentioned GEOPHIRES software is exceptiorttoittd

that it considers both electricity and heat provision. On the other haltDBHIRES is not focused
only to binary EGS power plants but considers also single or doastegiéothermal plants that

are essentially different production technologies related to rather high temperatures of
extracted geothermal brine.

When developing DV, besides MEET project partners suggestions, some approaches are based
on an appropriate literature review. For example, some guidelines and suggestions for deeper
analyses of préeasibility study for geotbrmal projects can béound in [17] and[18].

Decision making support tool (DMT) that is developed as D&.MEET project utilizes
comprehensive and detailed techreronomic analysis and is significantly more holistic in nature
compared to existing models and approaches. In that sense, besides technical and economic
aspects it takes into account alge most relevant environmental and societal aspects and risks.

DMT is not intended for analysis of yet unexplored geothermalarketeadit is designed for

those sites that have good enough approximations or measurements of available geothermal
potential such as existing pilot sites or oil fields that are in plan to transforgptants in near
future. A deeper analysis of suchkites with DMT will provide valuable results in terms of
suggestions for further site investigation on those sites that will promise good results, and also
outputs for investors to choose sites for pirerestment studies that are more detailed but also
requires additional costs. On the other hand, DMT is capable of more precise and comprehensive
evaluation that will exclude falsely promising sites due to specific teglmoaomic constraints

such as large distance from existing connecting infrastructure$s @mand. Within its
applications and functions DMT incorporates expertise from economy, thermodynamic and
power system fields with possibility of consideration of fine details such as different kind of
subsidies for EGS (RES source), influence of possgd@nd grid connection costs that are not
taken into account in other models but can have devastating influence on success of EGS project.

In terms of electricity productioDMT is ORC based and focused on low and medium geothermal
fluid/brine temperaures andthereforeismore specified and applicable for-depth exploration

of low-temperature wells. Production and efficiencies functions are based on data from ORC
developer partner that has detailed ORC model (commercial). In ORC binary geothamisl pl
there are several decision factors that largely affects net efficiency like subcritical, critical or
supercritical conditions of working fluid and of course choosing appropriate working fluid and
ORC components optimization. In this project it is pasesto utilize already existing and
developed ORC model. From that reason higher level of confidence to results are expected and
relying upon too many assumptions is avoided.

Developed DMT and its structuwee in alignment with final project deliveraldethat highly
depend on D7.1: evaluation and reports on different kind of geothermal sites, mapping of
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different resolution layers and webased tool development that would not be possible using
existing modelsDMT also represents gre@ 2 dzy RIF G A2y F2NJ £ F SN W2Af
existing oil fields with already acquired data on water flow and temperatures.

MCDM module of DMT covers most influencing EGS project factors and therefore alisess

to pick overall best site among theswith similar economic parameters. Already published
journal paper on this topic shows scientific community recognition of potential for successful
application of proposed approach.

Development of DMT in MATLAB software has also allowed (among othertampteatures)
provision of useffriendly and straight forward graphical user interface (GUI) that most of
available models lack.

2 DECISIOINMAKING SURPRT TOOL FOR OPTIMAISAGE OF
GEOTHERMAL ENERGYSDOUGE)

2.1 BACKGROUND

Delayed penetration of EGS to exgy market is mainly caused Igchnical, economic and
societal bottleneckgelated to EGSbut mitigating these bottlenecks will enable tHeGSto
become one of the most promising solut®ior heat and poweproductionin a near futureTo
increasethe market penetration of geothermal power in Europe, MEET main goal is to
demonstrate the viability of EGS with electric and thermal power generation in all main kinds of
geological settings (crystalline, sedimentary, metamorphic, volgaficerefore, a desion
making tool, considering the type of energy that could be produced (heat or/and power), the
geological context, the local energy supply and demand, the environmental impact, and societal
aspect, is one of the vital needs.

The main objective is to ale investors to conduct comparative analyses of different energy
technologies and choose one with the highest yield for the specific site to successfully determine
usage of geothermal energy and integrate EGS into the electric and heat syMenesver the
objective is © develop the approach and associated open access deg¢isding support tool
(software) with user friendly interface for available geothermal energy usage which accounts for
different possible scenarios and accordingly uses forecadttd which can occur over the
operation lifetime of EGS technology on specific.site

2.2 TOOL DESCRIPTION

DMSTOUGE is MATLMARsed tool and opesaccess application that estimates different
important economic indices for a defined geothermal scenario, previlcDM analysis and
facilitates thedecisionY  { Ay 3 LINRPOSaad ! Y2y3a 2G§KSNI 2dzi Lidzi &
levelized cost of energy (SLCOE), net present value (NPV) and internal rate of return (IRR) that
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are usually used to evaluate the potenteadergy production related project$he available end
use options are electricitgeneration directuse heaing power productionand @mbined heat
and power (CHPEvaluations are made for EGS resources with temperatures fret560C,
and either for arair-cooled or watercooled binary power plant.

The tool is modular, meaning that each sapplication is used as a separate module to-pre
calculate, stimulate or prepare data for different group of parameters, i.e. influencing factors.
These separate su@pplications are however joined together via main interface (main
application).

The root of the tool is economic estimation based on the discontinuous cash (@S) The
present value of costs and revenues are determined at stprising specified mainal discount
rate, which can be default (calculated from discount rate and inflation rate) or user defined.
Parameters used for the economic estimations are collected from eackapplication and
mathematical operations are conducted on them to obtadferant results.

Costs related to each phase of the project can either be inserted manually (user defined inputs)
or pre-defined default costorrelations are used to calculate costs of every segment. Default
cost correlations use unit size parameters calculated from irgarameters. Each obtained
default cost is based on a specific year and is adjusted to the year for which the project is being
evaluated usinghe Chemical Engineering (CE) Indexes

The estimates of electric power and/or heating power generation ovelifatime of the project

are by default based on the premise that the resource temperature declines with time, while the
geothermal brine flow rate remains constant (default). Makeup drilling, as much as the makeup
costs are at this stage of the model édypment not included. Temperature drawdown is defined
with annual percentage drop. However, user itself is enabled to insert the values of resource
0SYLISNI §dZNS RNI ¢gR2¢y I | a YdzOK a4 IS20KSNXNI f
Thereby, tle default settings could be changed, i.e. both resource temperature and geothermal
ONRAYS Oly SAUKSNI o6S O2yaidlyid 2N gFNEB RdzNAy3
Power sales are defined as the amount of electricity delivered to the power gird for sale. The
magnitudeof the power sales is the net plant output less the geothermal brine pumping power
and the plantspecific parasitic power requirements to operate fans, pumps, and other power
consumptions within the power plant.

0E0OAQDaOEDHIQ 0Ol GINRN@d 06617 Q%0 Qi

All input parameters are in Sl units, calculations are made in S| units and the results are provided
in Si units. Every input parameter related to the costs isex@leS R Ay € @

Two different approach are used to describe the energy extracted from the reservoir and later
used for enduser applications (only electricity production, only heating power production or
CHP). First approach includes more detailed input pararsehat are available to the user. This
approach is mostly used in cases of already existing production infrastructure, history and
available historical data regarding geothermal brine flow, ambient conditions, availablesemd
application details, etcSecond approach is based on the proportion of energy extracted from
the energy stored in the reservoir, i.e. the volumetric approach (already used and demonstrated
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in ENGINE project). This approach follows the assumption that the energy produced eda year
the power plant at the surface is part of the whole available energy stored in the reservoir. The
assumption for this approach is that the number of years for the complete use of the energy
stored which gives the maximum power plant capacity at théaser is fixed. i.e. is equal to the
project lifetime. This second approach is used when the preliminary geological data is available,
and no history of production is known for the chosen site. Second approach is described in more
details in APPENDIX B2.

Resulting data from DMT are available as raw data and charts and in a form of suggestions for
decisionmakers and investors. A separate module within DMmultiple-criteria decision
making (MCDM) matrix has a role to process raw data into a decision. Msbpfiocess is
performed by using the weighted decision matrix (WDM). For proper MCDM function it is
necessary to define appropriate criterions that will allow comparison of different EGS options on
specific site and comparison of different sites for apgtiion of specific EGS option. Relative
importance for each criterion can be altered by decisiaker based on preferred aspects of
planned investment.

Currently, here are twelve criterions defined within MCDM that include:

=

Installed ORC power capacity;
Equivalent brine heat flow;
Theoretical maximum efficiency for power production;
Geothermal gradient;

Brine temperature athe wellhead;
Global efficiency;

Corrosion and scaling hazard;
Distance from power/heating grid;
. Load factor;

10.LCOE;

11.Societal impact;
12.Environmental impact.

©OoNOGhwWN

More detailed description of the MCDM matrix and analysis can be foufid.in

Standard modking approach was followed when mddieg DMT as shown in flowchart diagram
in Figurel.
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Figurel: Flowchart of DMT modelling approach

2.2.1 Geothermal project depiction

In DMSTOUGE, the project development occurs in fiblowing phasesKigure2), with unique
duration of each phase:

1. Permitting

2. Exploration

3. Drilling

4. Power plant construction
5. Operation phase
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> [

1* phase 2™ phase 3™ phase 4" phase
POWER PLANT
PERMITTING EXPLORATION DRILUNG CONSTRUCTION

5 phase

POWER PLANT
OPERATION

Permitting related to
discovery activities
Reconnaissance and
non-drilling
exploration activities
Drilling smalt
diameter holes
(temperature
gradient, slim hole,
core hole)

Drilling of full-size
wells to establish
presence of viable
resource

Stimulation of and
EGS resource
Installation of field
gathering system for
wells drilling

Testing to establish
power salesand
geothermal pumping
requirements
Obtaining utilization
permits for field
completion and plant
construction
Engineering to
establish cost and
perforamance of the
plant

Drilling full-diameter
wellsto develop
necessary field
capacity (if
necessary)
Stimulation (if
necessary)

Complete
development of well
field (including any
stimulations)
Complete installation
of field gathering
system

Installing the
geothermal pumps

Complete power
plant engineering
associated with plant
construction
Transmission lines
and/or substations
construction

Plant construction
Start-up activities

Operation labor
Power plant
maintainance
Field maintainance
e Surface
equipment
(exchanger,
turbine,
generator,
condenser,
pump, pipes)
e Production pump
o  Wells
Makeup water
Royalties
Taxes & insurances
Power sales (under
influence of resource
temperature decline)

Figure2. Geothermal project development phases and description of activities in each one

Each phase includes activities and elements that incur different related costs, which in DMS
TOUGE can be estimated or inputted by a decision maker. These costs, along with the estimated
electricity and/or heating.J2 4 SNJ 3SY SNI} A2y 2@0SNJ I LINRP2SO0GQa
NPC and IR&alculation for a defined scenario. The numbetha activities in each phase, and
consequently the capital andperating and maintenanceO&M) costs of the project, depend

also on the state of the project, i.e. is it a greenfield project representing a new EGS site or a
brownfield project representing raexisting EGS site with possible upgrade, epraluction

and/or conversion of mature or abandoned oil fie[d$.

2.2.2 Approach
All the input parameters can be grouped into:

f {dz0 & dZ2NF + OS Eg,f;\lj’ ;éé;'\" Ny, 2 R \WINELISNIA S

f FSI ddzNBa
S ymika S NJ 2Lu 2y
T { dz2NF I OS G(SOKyhDs & NILIINE W& (§ SINBzA LIY Sy (i
I KSNAYy3I aeaiasSy

T CAYFYOALFf LI NIF¥YS(iSNE
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OFLAGEE O2ada
T 902y 2YAO LI NIhyaS (iGN &
) Ay OSyliA@Sa | yR adzwaiARASAE
T O9YGBANRYYSYyult LI NIYSUSNA
A project evaluation is based on thestalled capacity, i.e. electricity and/or heating power sales
in each year. Once the project size is determined, the capital and O&M cost are either entered
by the user or estimated via default cestrrelations.

2.2.2.1 Project sizing

The basic approach used s@e a project is based on the resource type, resource temperature,
geothermal brine flow, ambient conditions, power plant type, and -eisdr option
characteristics. Size of the project is determined by installed capacitgequentiallyproduced
electrical and/or heating power, i.e. power and/or heat sales.

2.2.2.2 Capital costs

Capital costs are either calculated based on the implemented default cost correlations, as in case
of surface equipment costs, or directly inputted by the user (permitéxgloring, drilling phase).

9 OK LIKIFa$sS NBLINBaSyda LINL 2F (GKS G2d0Fft OF LI
lifetime. All capital costs that are included in determination of the SLCOE and other economic
indices (NPV and IRR) are depicte#ligure3. User can revise all capital costs whether they are
default or calculated by DMBOUGE, however, user cannot alter how DMBJGE estimates

costs indefault mode. Contingency is applied to all capital costs in the SLCOE determination and
the level of contingency is an input parameter with default value of 15%, but is can be revised by
the user.

DMSTOUGE can be used to estimate either Greenfield owifield projects. In case of
Brownfield projects, exploration and perhaps drilling phase could be omitted, thereby reducing
the potential capital costs specific to those phases of project development. As for Greenfield
projects, the exploration phase isdispensable. Namely, to find a commercial resource, it may
be necessary to evaluate and drill multiple prospects. Therefore, the exploration phase could
consist of multiple sites that are initially evaluated, with some of those sites having drilling
activities for production/injection wells later in the drilling phad2ue to ths specificity of each
project, capital costs are divided into the developmehtsesof the project itself.
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PROJECT CAPITAL
COSTS

I |

Field gatheri
system
- [ —
s =, AR A Surface L
Drilling Non-drilling [ Drilling ] (Non-drlllng o equipment
b SRy

Small- ] ) Indirect costs:

Exploration
and Permitting

L_

Production

hermal
Diameter gcdicond
wells

= Permitting — engineering, home
pumps ;
wells J \_ office, startup

Leasing

N Equipment

H Stimulation 4 Other costs (heat exchanger,
turbine, generator,
condeser, pump

Full-size wells Permitting Injection wells

—

Non-drilling
exploration L Other costs
activities Installation

Stimulation

Testing

4

Figure3. Project capital costsincluded ineconomic analysis

Once the project size is determined, meaning the user selected the output net power, capital
costs of the power plant, gathering system, and grid connection are estimated. Based on the size
of the project, the capital cost of each compaenef the power plant is calculated using cost
correlations. However, should the user possess more detailed and precise costs of each power
plant segment, it is possible to revise the default values, i.e., the user can enter exact cost values.
Grid connedbn costs are calculated in case of only electricity production and CHP. They are
based on the distance between potential/existing power plant and existing power grid, on the
type of the transmission line/cable used, on the specific costs of specifiegl tyaigl, and voltage

level of the grid where the power plant should be connected. Namely, when the voltage level of
the purchased ORC and existing power grid are of different level, additional substation must be
built and included in the grid connection ¢es

2.2.2.3 Operating & Maintenance Costs (O&M)

Operating and maintenance costs are defined on an annual basis and include operating labour
costs, well field maintenance costs and power plant maintenance costs. Production and/or
injection replacement costgaincluded in capital (investment) costs with specified replacement
frequency, which is by default set at each 6 years, but could be revised by the user. O&M costs
are for now user inputted parameters and no default correlations are included.

Further disassion and detailed explanation of DM®UGE determination of both capital and
O&M costs is listed in APPENDIX B1

2.3 APPLICATION LAYOUT
18

Version:VH/ Dissemination levePU



Open access decision support tool for optimal usage of geothermal energy
H2020Grant Agreement N792037

“lﬂﬁ E ET Document IDDeliverable D7.1

DMSTOUGE is an application with user frignoliterface. Main window of the DMBOUGE is
shown inFigure4. Several tabs are included in the main window of the application and are used
to either open the interfacdor other subapplications or to analyse the obtained results. and
conduct MCDM analysis. The tabs are described ifT#didelTablel. DMSTOUGE tabs and their

4. DMS TOUGE application - ] X

DMS-TOUGE Description Scenario definition INPUT parameters ‘ Performance metrics results [ Economic metrics results MCDM Decision

ANNEET

Multi-sites €GS Demonstration

Description | This application has been made as part of the Horizon 2020 MEET Project. The purpose of the application is to
facilitate the decision making process regarding the investments in geothermal projects. The decision maker
(DM) can use this application to estimate, evaluate and calculate project's levelized cost of energy (LCOE), Net
present valve (NPV) and other costs and benefits based on the entered required data.

The "Scenario definition” tab is the mandatory starting point and is used to define the scenario, i.e., the user
defines basic information about the potential geothermal project (project name, lifetime, duration of each
development phase, location of the site etc.). When all the information, parameters are given on this tab, user
proceedes to the "INPUT parameters" tab.

The "INPUT parameters” tab is an interface to other sub-applications since this main application DMS-TOUGE
is based on separate modules that are joined via mutual interface. User should open all the sub-applications by
clicking the push button for each sub-application. When clicked the required data have to be entered or the
default values are used instead. Each sub-application performs certain operations on this data and forwards
them to the main application. Those input parameters are later used in calculation of main economic indices.

v

Figure4d. DMSTOUGE applicationmain window

purposes

2.3.1 Defining a Scenario for evaluation of the project

Basic information of the scenario to be evaluated is defined irSttenario definitiotab. These
is the mandatory starting point where the user defines basic information about the desired
geothermal project. Required input parameters are grouped inRhgect descriptiopanel as:

1 Name of the project mandatory; this input is later valuable for the MCRNKalysis.
9 Description of the project optionally; short textual description of the project.
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Lifetime of the geothermal projectmandatory; this includes all project development
phases. This parameter is measured in years.

Project site areq optionally;parameter used to modify grid connection investment
costs (urban, suburban, rural).

Project site terrain¢ optionally; parameter used to modify grid connection
investment costs (flat, hilly, mountainous).

Country ¢ mandatory; parameter used to define coumt specific (geography,
legislative, market specific) default values.

Price scenariq optionally; parameter used when the electricity and/or heat market
prices are forecasted with default forecasting model; by default, this parameter is set
to average This parameter can be altered to see how the market prices influence
project economic evaluation.

Time resolution¢ mandatory; defines the time step of the input data (yearly or
monthly), this parameter is used to define some of the input data format, and by
default it is set toyearly.

Start of the project¢ mandatory; this parameter defines the starting date of the
project (first day, including all development phases not only operational phase) and
is used in financial and economic analysis of the project. User must choosdiestery
day of the month month andthe year that indicates the start of the project.

Tablel. DMSTOUGE tabs and their purposes

Tab Description

DMSTOUGE Description

General description of the tool

Scenario definition

Basic information on project and scenario

INPUT parameters

Interface to the sukapplications

Performance metrics results

Visualisation of power plant performance

Economic metrics results

Economic resultg LCOE, NPV, IRR, etc.

MCDM Multi-criteria  decisioamaking table for
MCDM analysis conduction
Decision Chosen decision and belonging outputs
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91 Duration of phaseg mandatory; as mentioned in Section 2.2.1 project is divided into
5 different phases with uniqueluration of each of them. Duration is defined
separately for each development phase. By default, duration of phases is set as
follows: permitting phase 2 years, exploration phasg2 years, drilling phase 2
years, construction of power plamt2 years.Only operation phase is calculated as
the difference between defined lifetime of the project and sum of first four phases.
User can define duration of the first four phases and the last operation phase is then
calculated as in the case of default duratialues.

4. DMS TOUGE application

DMS-TOUGE Description

Scenario definition INPUT parameters  Performance metrics results

Project description

= (] X

Economic metrics results MCDM | Decision

Name of the project:

Description of the project:

Lifetime of the geothermal project:| 0

Project site area: |urban v

Project site terrain: ﬁat v
[ Select country |

ave[age

Country:

Price scenario: lowe * high

Time resolution: yearly (_JID monthly
Start of the project:

Duration of phases

Permitting |
Exploration |
Drilling |
Construction of power plant
Operation

years

01-01-2019 | ~ |

olnN NN

Figureb. Screenshot of thescenario definitiortab

All defined parameters iScenario definitiotab and the screenshot of the tab are showfRigure

5.

When all parameters on aforéescribed tab are insertedhe user proceeds to théNPUT

parameterstab.

2.3.2 Gathering all relevant input parameters via stdpplications
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INPUT parametetsib (Figure6) is basically an interface all the sukapplications where specific
input parameters from different groups (as defined in Section 2.2.2) of parameters are entered.
Not only do the sufapplications serve as input parameters gathering tool, but also as pre
calculating mechanism foraeh group of the input parameters specific to each-apblication.

As seen irfrigure6. the user should follow the order when inputting the parameters in each sub
application. The sulapplications are opened by clicking the button of each one. However, it is
paramount to followthe right order of input data entry. Therefore, the order is marked with grey
arrows. When all the subpplications are opened, and the data is inputted, and corresponding
pre-calculations are conducted the user push&®pare data and forecadbutton (red oval).
Afterwards, theFinancial Analysidutton (green oval) can be pushed to obtain the economic
metrics results.

4. DMS TOUGE application = [} X

DMS-TOUGE Description  Scenario definition | INPUT parameters Performance metrics results ~ Economic metrics results MCDM Decision

site geological features

Geothermal fluid properties

| End user option | 47

Geothermal power plant

f;Technology details and costs:i =

Financial parameters

Incentives | 7

Environmental impact

Prepare data and forecast

4 Financial Analysis }

Figure6. Screenshot of the INPUT parameters tab

In following sections, from 2.3.2.1 to 2.3.2.8 every -application isthoroughly described.
Moreover, for each suapplication list of associated input parameters is given as much as their
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purpose, input format, and later use in the main application. After entering all required input
parameters and after perfoning the precalculations, user must click thépdate button at the
bottom of each sukapplication. By clicking this push button, all entered data is stored and
forwarded to the main application.

2.3.2.1 Site geological features

Site geological features stdpplication is used to gather all input parameters related to
geological features of specific site. It also calculates and prepares the reservoir temperature
evolution throughout the lifetime of the project. Some of the parameters are already predefined
as ddault values, however, these values can be changed by choosirtgxtdtt valuesnsertion

mode. Namely, at stattip the Default valuesnode is chosen, and the default values are already
inserted and shown. But, Exact valuesnode is chosen, user can clygnthese default values by
inserting the new ones.

Input parameters required in this stdpplication are as shown ifablell:

Tablell. Input parameters in theSite geological featuresub-applications

Input The need

mode to fill in DESCTIptIOI’] Unit

Input parameter

By moving the slider user sets the initial

reservoir temperature (present). In the

Reservoir exact edit field on the right user can see the
mandatory

temperature value exact set value of the temperature. Rang

of the reservoir temperature is defined

between 50150°C.

°C

Used if the volumetric method for
default | optionally; | calculating the available thermal energy
Thermal gradient | or exact | volumetric | and consequently the potential installed | °C/100m
value method | capacity and power and/or heating
production.

Used if the volumetric method for
defadt | optionally; | calculating the available thermal energy

Specific heat of or exact | volumetric | and consequently the potential installed | J/kgK

the rocks value method | capacity and power and/or heating
production.
Used if the volumetric method for
: default | optionally; | calculating the available thermal energy
Density of the ; . 3
rocks orexact | volumetric | and consequently the potential installed| kg/m
value method | capacity and power and/or heating
production.

default | optionally; | Used if the volumetric method for
orexact | volumetric | calculating the available thermal energy km?
value method | and consequently the potential installed

Total area of the
fracture
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capacity and power and/or heating
production.
Used if the volumetric method for
Aperture of the default optlonally; calculating the available ther_ma_l energy
or exact | volumetric | and consequently the potential installed m
fracture . )
value method | capacity and power and/or heating
production.
Used if the volumetric method for
Porosity of the default optlonally; calculating the available ther_ma_l energy
. or exact | volumetric | and consequently the potential installed -
reservoir . )
value method | capacity and power and/or heating
production.
Used if the volumetric method for
Average default | optionally; | calculating the available thermal energy
temperature at or exact | volumetric | and consequently the potential installed °C
the surface value method | capacity and power and/or heating
production.
Used if the volumetric method for
default | optionally; | calculating the available thermal energy
Recovery factor | or exact | volumetric | and consequently the potential installed %
value method | capacity and power and/or heating
production.
Usd if the volumetric method for
. .| default | optionally; | calculating the available thermal energy
Reservoir capacity . -
or exact | volumetric | and consequently the potential installed %
factor . )
value method | capacity and power and/or heating
production.
Used if thevolumetric method for
default | optionally; | calculating the available thermal energy
Number of . o
or exact | volumetric | and consequently the potential installed -
doublets . )
value method | capacity and power and/or heating
production.
exact This parameter will be used for default
Well depth value optionally | costcorrelations regarding all drilling m
costs estimations.
Used to calculate temperature evolution
throughout the project lifetime. By
Annual default dle_:fz;\]ult, first 10 yea(;s arz assoglzétg; with
temperature or exact | mandatory Slg ttempera_ture irawdown 0. ) 0) an %
drawdown value rest of the period with somehow bigger
drawdown (0.5%). However, user can
choose to insert exact values in [%)] for
such designed default function of
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temperature drawdown, or even import
annual values of reservoir temperature i

specified format as defineith APENDIX
Al.

When the annual temperature drawdown percentage values are inserted, or annual temperature
evolution is imported, theCalculate thermal drawdowrbutton must be pushed (marked with

red arrow). After the button is pushed, the calculated or imported reservoir temperature
evolution is visually presented in the graph (marked with yellow rectangle).

TheUse volumetric method in calculationsutton shoud be pushed in cases when no historical
production data is available, as much as other more detailed data. This is explained in Section 2.2
and the volumetric method itself in APPENDIX H@vever, this option will be enabled in the

later version of theaol, in the current version this is not enabled.

When finished with this sulpplication theUpdate button should be pushed so that these input
parameters are forwarded to the main application and stored in the data base.

The screenshot of the describedsapplication and input parameters is shownRigure?:

4 Site geological features

= O X
Site geological features
Reservoir temperature —_——— 0| °C
|IIII|IIIlIIIlIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII
50 60 70 80 90 100 110 120 130 140 150
Thermal gradient 3.8 °C/100m  Average temperaiure at the surface 18| °C
Specific heat of the rocks | 1000 J/kgK Recovery factor 125 %
Choose the mode
Density of the rocks | 2700 | kg/m3 Reservoir capacity factor 80 %
| Default values |
Total area of the fracture 3 km2 Number of doublets 1
Aperture of the fracture | 0.02 m Well depth 0] m
Porosity of the reservoir 1 =~ Use volumetric method in calculations
Temperature drawdown 3 Temperature evolution
Choose between 2 modes: Default (the fool calculates with default ~
average values - first 15 years tempertarure drawdawn 0.05% and
rest of the project’s period 0.5% annualy) or Exact values (where 08
DM inserts annual temperature drawdown in % for the firest 15
years and rest of the period and the tool caiculates with this ¥ G
206
Choose the mode Annual temperature drawdown: é
first 10 years | 0.05 % §-0.4
]
next T-10 years | 05 % Lt
02
Calculate thermal drawdown
0 1
0 02 04 0.6 08 1

*In case of imported tempreature evolution DON'T push Calculate buttion Years

Update

Figure7. Screenshot of theSite geological featuresub-application
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2.3.2.2 Geothermal fluid properties

Geothermal fluid properties subpplicationis used to gather alhput parameters related to
properties of the geothermal fluid. Some of the parameters are already predefined as default
values, however, these values can be changed by choosingxhet valuesnsertion mode.
Namely, at stadup the Default valuesmode B chosen, and the default values are already
inserted and shown. But, Exact valuesnode is chosen, user can change these default values by
inserting the new ones.

Input parameters required in this stdpplication are as shown ifablelll:

Tablelll. Input parameters inGeothermal fluid propertiesub-application

Input The need

parameter Input mode to fill in Description Unit

This parameter can be inserted as constan
value or varying valu@rigure8, red arrow)
If constant value option is chosen, thigvil
rate is applied for all the years of the projeq
lifetime and should be inputted in the edit
field (Figure8, yellow oval) If varying flow
option is chosen user shitd import (Figure
8, red arrow)the flow rate values on
monthly (12 months of one yeagr yearly
basis as described APENDIX A2.

exact: varying

md/s
or constant

Flow rate mandatory

Together with thenserted flow rate this
Fluid default or exact : parameter is used to calculate the

. optionally .
density value geothermal brine mass flow for each year ¢
month of the project lifetime.

kg/m?3

Specific Used in calculations of possible installed
default or exact

heat optionally | capacity and prduction (of electricity J/kgK
: value .
capacity and/or heating power)

Langelier Saturation Index (LSI) is general
used for the evaluation of the corrosive or
LSI exact value | mandatory | scaling tendency of the geothermal site.
Used in MCDM analysis. By default, this
valueis set to 0.

default or exact Geothermal brine pressure will be used lat

Pressure optionally in upgrades of the DMSOUGE tool. MPa

value

When the geothermal fluid flow rate is inserted or imported, the values (yearly or monthly) are
visually presented in a graph. After all the input parameters are insertedJfuate button
should be pushed.

The screenshot of the described sapplicationand input parameters is shown kigure8:
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Multi-sites €G5 Demonstration

[NNEET

4 Geothermal fluid properties

£ O X
Geothermal fluid properties
Choose the mode
= Choose option v | flowrate | 0| m3/s
Choose option
Constant
Varying Geothermal fluid flow rate
—08
»
@
Eos
@
=
= 04
=3
[
0.2
0
0 0.2 0.4 0.6 0.8 1
fluid density | 987! kg/m3

specific heat capacity 4197 | JikgK

=

Lsi | 15]
Pressure 2! MPa
Update

Figure8. Screenshot of th&seothermal fluid propertiesub-application

| varying v | flow rate 0 mals
yearly (_JJ) monthy [ IMPORT |¢———
1 Geothermal fluid flow, 7 ") (©) ©) (]
—08r
w
[55)
Eos
@
s
= 04
3
(I
0.2
0 i L i i J
0 02 04 056 08 1

Figure9. Screenshot of the varying option for geothermal fluid flow rate

2.3.2.3 End user option

End user option subpplicationis used to gather all input parameters related to the desired-end
user application. Namely, as mentioned, DMSUGE can stimulate and evaluate 3 different-end
user options: only electricity production, only heating power production and CHP. Parameters
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from this subapplication are later used in some other sapplications as much as in the main
application.

Firstly, user chooses the ender applicationKigurelO, red arows are main applications and
yellow bracket the heat production end options):
LOPAAA EAAOQEIT C
»ACOEAOI OOO0A
1T /110 EAAO HQOARDADBDIGA
w01 OOEOI
v T OEAO
9 /171U Al AAOOEAEOU bDPOT AGAOQEIT I
T /71t 002Y0AYSR KSIO FyR LR2&gSND
Depending on the chosen option, the distance tatieg network and/or power grid should be
inserted. If the chosen option is only heat production, the user should move the slider of the
distance to heating network={gurel0, arrow green) and if the chosen option is only electricity
generation, the user should move the slider of the distance to power Brigi(e10, blue arrow)
and in case of watecooling condenser type insert the distance to the nearest water source
(FigurelO, yellow oval). In case of CHP option both distances should be inserted, i.e. user moves
both sliders to obtain these distances.

Chosen endiser applicationOnly heat production

User must check th@&nly heat productionheckbox and then one ahe options under this main
application §pace heating, agriculture, greenhouse, tourgrmther). In this case the data under
Heating network characteristicgpanel must be entered and imported. Inserted data are
parameters related to the heat demand sidmported mass flow of heat demand side, as much
as supply and return temperature in heating network are visually represented in grejghse

10, blue ovals). Datargry underPower grid characteristigganel is in this case disabled. Distance
to the heating network should be inserted.

Chosen endiser applicationOnly electricity generation

User must check th®nly electricity generatiooheckbox. In this case data und@&ower grid
characteristicspanelshould be entered, i.e. the voltage level of existing power grid should be
chosen FigurelO, greenoval). Data entry undéadeating network characteristigganel is in this
case disabled, and no data should be entered there. Distance to the power grid should be
inserted, and in case of wat@ooling condenser type (cooling tower) the distance to therasa
water source should be entered too.

Chosen endiser applicationCHP

User must check th€HPcheckbox. In this case data undéteating network characteristics
panel andunder Power grid characteristicpanelshould be entered, imported or chosen. Hea
demand side parameters are shown in graphs. Both distances to the heating network and power
grid should be inserted (via sliders).

Input parameters required in this stdpplication are shown ifiablelV:

28

Version:VH/ Dissemination levePU



Document IDDeliverable D7.1
Open access decision support tool for optimal usage of geothermal energy
H2020Grant Agreement N792037

TablelV. Input parameters inEnd user optiorsub-application

Input parameter

Input
mode

The need
to fill in

Description

Unit

Enduser
application

exact
selection

mandatory

Selection between main engser
applicationsonly heat production, only
electricity generationand CHP If the only
heat production option is chosen,
additional exact application must be
chosen.

Period

Inserted in
Scenario
definition

Inserted in
Scenario
definition

Information about the lifetime of the
project.

years

Distance to

exact value

mandatory

Distance tonearest waterc in case of
electricity generation and watezooling
condenser typeheating networkc in case
of only heat productiorand CHPpower
grid ¢ in case of only electricity generatio
and CHP. The distance is measured as f
length between the project site and the
nearest connection point to the
corresponding grid. Later used for grid
connection costs calculations.

km

Heatingnetwork characteristics

Tsupply

imported

mandatory

Supply temperature of the heat demand
side. This is the temperature that the eng
user demands. Import format is explaine
in detail INnAPENDIX A3.

°C

Treturn

imported

mandatory

Return temperature of the heat demand
side. This is the temperature of the
seondary fluid that returns from the end
user and enters the heat exchanger in
power plant. Import format is explained i
detail inAPENDIX A3.

°C

Time resolution

default or
exact
selection

mandatory

By changing the time resolution between
yearly and monthly user defines the
import format of the heat demand side
mass flow. In case gkarlyoption, the
user must import yearly values of mass
Ft26 TFT2NJ at SNRA2RE
of monthly values,user imports monthly

changes on a ongear basis, 12 months,

years or
months

Version:VH/ Dissemination levePU
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that are repeated each year for a specifi(
month.

Mass flow of the heat demand side. The
input format is explained in detail in

Mass flow imported | mandatory APENDIX A¥alue changes are shown in kgls
graph.
Fluid pressure exact optionally | Potential use in some calculations. MPa
Specific heat capacity of the secondary
Specific heat default or fluid. Used in calculations of possible
: mandatory| . . . J/kgK
capacity exact value installed capacity and production (of

heating powerand/or CHB.

Power grid characteristics

Voltage level of the gridJsed in the grid
connection costs calculations. Value can
mandatory| be chosen from the droplown menu or kv
inserted exactly if the voltage level is not
mentioned in the menu.

exact

Voltage level :
selection

After all the input parameters are inserted, thipdate button should be pushed.
The screenshot of the described sapplication and input parameters is shownHigurelO.
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4. End user option = O X

End user option

Choose the end user application Period: 25 years
["] Only heat production :
Distance to:
_) Space heating
’ e nearest water 0| km
| Agncu'ture * fill in only in case of weisl coun ng condenser type
| ) Greenhouse heating network 0 km
. 1 1 | 1 1 | 1 1 1
| (O Tourism 0 1 2 3 4 5 6 7 8 9 10
®) Other power grid o km
—_— | | | | | | | | | | |
et || Only electricity generation 0 1 2 3 5 > [ g : ZAL 0
et [ | CHP
Application
Imported supply and return temperatures
Heating network characteristics [ column 1 | Column 2 Column 1 Column 2
Tsupply: =c Treturn: =C
Time resolution: yearly @ ) monthly
Mass flow: kg.r's
Fluid pressure: 0| MPa 3 Y ¥l %)
Specific heat capacity: | 4197 JIkgK 1 Heat demand
: Mass flc, 2 " & O 7§ &
Column 1 Column 2 1 T = 08
0.6
> 05
>
04
0 | H
0 02 04 06 0.8 1
X 02
Power grid characteristics
0
Voltage level 0 0.2 0.4 0.6 0.8 1
Update | X

Figurel0. Screenshot of théend user optiorsub-application

2.3.2.4 Geothermal power plant

Geothermal power plant subpplicationis used to gather all input parameterslated to the
power plant design. Namely, as mentioned, DM3UGE can stimulate and evaluate different
modes of geothermal energy utilization: only electricity production, only heating power
production and CHP. Moreover, CHP can be derived in 2 diffeperfigarations, series and
parallel configuration, respectively. Based on the -@sér application chosen in thEend user
optionsub-application the type of the power plant to be installed is defined.

After defining and inserting the required data the ial¢d capacity and monthly production
based on the chosen installed capacity are calculated and visually represented in a graph.

Selected power plant typédon CHP unit, Only heat production

In this caseRigurell), it is assumed that all the extracted geothermal energy is used for heating
purposes (various options). Different heat demands require different heating parameters, such
as supply temperature and thermal power. The energy stored in geothermal brirensfdrred
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in the heat exchanger to the secondary (colder) loop, i.e. heat demand side loop and transported
via heating network to the final costumers. Based on the characteristics of the heat demand side,
as much as the hot loop characteristics (brine temgture, brine mass flow, specific heat
capacity, etc.), the monthly potentially unsatisfied heat demand is calculated. Moreover, the
maximum thermal power of the HEX and heat transfer area are calculated. This information will
later be used to calculaténe related costs if the default cesbrrelation function is used.

Once the DeltaT and safe margin are defined,dbad state temperaturds set to be equal to

or smaller than the smallest value of imported return temperature (yellow oval), and the lbvera
heat transfer coefficients inserted (red underline), the user pushes @&LCULATHutton (red

arrow) in theHeat onlypanel. When pushing this button, the tool calculates the HEX area, HEX
heat transfer efficiency, HEX max installed power, and mgnthpacity factor of the plant as
described in APPENDIX B3. Served heat demand is visually represented in a graph, and the mean
plant capacity factor is shown Mean plant capacity factoedit field.

Figurell. Screenshot of te "only heat production" mode and required input parameters

Selected power plant typdlon CHP unit, Only electricity production

In this caseKigurel?), it is assume that all the extracted geothermal energy is used for power
system demand exclusively. The energy stored in geothermal brine is transferred to the
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