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Introduction to PARESO Project — greenius Adaptation

Goal of PARESO project (WP 6):

- Modeling of parabolic trough field with damaged receivers
- Investigate repair / replacement strategies

Special requirements for greenius

- Spatially inhomogeneous collector loops
- Temporal variation of optical and thermal receiver quality

- Additional investments for repair at specific points in time t+1
possible

— Calculation of each operating year

greenius

THE GREEN ENERGY SYSTEM ANALYSIS TOOL
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Definition of Heat Loss Coefficients

by - AT + b, - AT? + b; - AT® + b, - AT*
Neollector = K Nopt,0 * Neleanliness — K- bO AT + DNI

Calculating...

i} ET 2 with PTR70 2009_DSP_eta_opt_col variabel

Parabablic: Traugh Operation. ) - Year 2 of 25

File Edit View Help

i =
1 - cm w Passed calculation time: 2.64 5 Fiemaining caloulation time: 5.23 5
3 Simple Assembly Characteristics | b 0 I b_1 | b 2 | b 3 I b 4 I EtaDpt,D| LIEETE LS
General Information and Dimensions Thermnal Parameters =
3 5 100 i ET 2 with PTR70 2009_DSP ===
Mame 15P_eta_opt_cal variabel Specific HCE mass 3.78 ka/m -] a0 File Edit View Help
=
i ; z 30 .
Tpe @ Trough O Fresnel HCE heat capacity 01153 “Whikgk £ P
70
3 . d
Callector length Heat Logs Coeflicients I~
o 14850 m 5 s | 3 simple Assembly Characteristies | 0| b1 | w2[ b3] b4 Ea0pol
Aperture width 576 m Coefficient b0 04K .5 a Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 =
2 = |+
Effective miror area 81750 mf Cosfficient b1 00z whnek) | 5 - Node 1 0.03298 0.0336396  0.034312392  0.03499864 0035698613  0.036412585  0.037140837
o 'g Node 2 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
Focal length 171 m Coefficient b2 OWw/imeE | 8 20 Node 3 003298 0033639 0034312362 003499864  0.035698613  0.036412585  0.037140837=
HCE diameter 0.0855 m Coefficient b3 0 WAk 8 10 Node 4 0.03298 0.0336396 0.034312392 0.03495664 0.032698613 0.036412585 0.037140837
N L effici - Coefiicient bé 1 o Node 5 0.03298 0.0336396 0.034312392 0.03499564] 0.035698613 0.036412585 0.037140837
om. opt. SllieiEncy 1 ED'DD. = oEeEn 1'358E-9.W£[WFK4] o 100 200 Node 6 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
averagetemperal | Noge 7 0.03298 0.0336396  0.034312392  0.03499864  0.035698613  0.036412585  0.037140837
Incidence Angle Modifier 7
g — 200 WM = 400 W Node 8 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
. pa— Node 9 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
@ Equation Tabulated values == 800 \Wim* 1000 € o
Node 10 0.03298 0.0336396 0.034312392 0.03499664 0.035686613 0.036412585 0.037140837
Coefficient a1 0000525 1/ Coefficient a3 anntn: Node 11 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
. Graph Options n
Cosfficient a2 2BREE (147 Andle of incidence Node 12 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
Node 13 0.03298 0.0336396 0.034312392 0.03499664 0.035696613 0.036412585 0.037140837
Node 14 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837
IT Node 15 0.03298 0.0336396 0.034312392 0.03499864 0.035698613 0.036412585 0.037140837 ~
4 mn ]
I (1] I [ Apply ] I Cancel
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Output of Results

u Key Results
File Edit Help

[Ny 2
g ey
i
b Technology | v Economics

Meteorological Data: 2016.000000 2017.000000 2018.000000 2019.000000 2020.000000 2021.000000 2022.000000 2023.000000 2024.000 ~
Collector: ET 2 with ET 2 with ET 2 with ET 2 with ET 2 with ET 2 with ET 2 with ET 2 with
Number of collectors 1440.000000 1440.000000 1440.000000 1440.000000 1440.000000 1440.000000 1440.000000 1440.000000 1440.000C
Effective Collector Area m? 77200000 1177200000 1177200.000 1177200.000 1177200.000 1177200.000 1177200.000 1177200.000 1177200.C
Land use m? 4400000.000 4400000.000 4400000.000 4400000.000 4400000.000 4400000.000 4400000.000 4400000.000 4400000.C

0 403.4000000 403.4000000 403.4000000 403.4000000 403.4000000 403.4000000 403.4000000 403.4000(

C=] Cash Flow e =] g 140 9000000 1495000000 145 9000000 149.5000000 129 9000000 143.9000000 149.3000000 143 9000C
File Edit Help
0: 1649002 300 1647945 200 1646949 100 1645685 400 1644526 800 1643163 300 1642009100 1640833
M m 0 517169.8000 516862.9000 516614.4000 516260.6000 515974.9000 515620.9000 515326.7000 515025.1(
' iy NG 0 630781.0000 630408.7000 630059.8000 629639.7000 629259.3000 628812.4000 628418.7000 628036.3(
0 517169.8000 516882.9000 516614.4000 516280 6000 515974.9000 5156209000 5153267000 515025 1
| Summay | [T Operation | b Constuction | & Debt Serviee | &2 Depreciation and Taves | 0 630761.0000 630408.7000 630059.8000 629639.7000 629259.3000 626812.4000 628416.7000 628036.3(
unit 2016 2017 2018 2019 ] | /o 1400.500000 1399.900000 1392.000000 1398.000000 1397.000000 1395800000 1394.800000 1393.500¢
Elecuiciy (fen)  MWh 17,077 146,992 146.901 146,765 548 500010] 5 4000 5100000 55700000 455409000 4,430 4840000 .20}
Electicityyfoss] Lo 0 0 0 0 0 15.58000000 1557000000 15.55000000 15.55000000 15 54000000 1553000000 15.52000000 15.51000(
Heat (ren.) MWh 0 0 0 0 0 100.0000000 100.0000000 100.0000000 100.0000000 100.0000000 100.0000000 100.0000000 100.0000C
Heat (foss.) MWh 0 0 0 0 0 4208.000000 4206.000000 4203.000000 4200.000000 4198.000000 4195.000000 4192.000000 4190.000¢
Cooling (ren.) MWh 0 0 0 0 3 0 0.00000000 0.00000000 0.00000000 0.00000000 000000000 0.00000000 0.00000000 0.00000C
PE——— MWh 0 0 0 0 0 3660000000 366.0000000 366.0000000 366.0000000 366.0000000 365.0000000 365.0000000 365.0000C
= = 0.28500000 0.28500000 0.28500000 0.28500000 ( 0 139.0000000 138.0000000 138.0000000 136.0000000 135.0000000 135.0000000 133.0000000 133.0000C
0 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 0.00000C
FlatFosTariff €/kWh 0.28500000 0.28500000 0.28500000 0.28500000 ( -
Heat Tariff €/kWh 0.08000000 0.08000000 0.08000000 0.08000000 ( :
Solar Revenues (Electr.) € 41,916,870 41,892,844 41,866,729 41,827,925 i
Fossil Revenues (Electr.) € 0 0 0 0
Solar Revenues (Heat) € 0 0 0 0
Fossil Revenues (Heat) € 0 0 0 0
Solar Revenues (Cooling) € 0 0 0 0
Fossil Revenues (Cooling) € 0 0 0 0
Capac.Paym. € 0 0 0 m
Total Rever:'[lue& € 41.916.870 41.892 844 41.866.729 41.827.925 - LT
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Automatisation of Greenius

.........................................................................

~ High Computational Effort 4 CF_Construction.csv
L] CF_DebtService.csv
— Spatial resolution ELCF_Revenues.csv
—~ Calculation of each operational year ElcF_summary.csv
II%I]EF_TEII.{.‘:S'H’
—~ Parameter Variations L] Key Eco.csv

@ﬂ Key Tech.csv

- Use console start of greenius
I%}Tﬂ"‘r’_hﬂurs.c:s'u.-r

cd d:\Programme\Greenius

greenius.exe d:\projectFile.gpj d:\outputPath\
~ Modification of project files (*.gpj / *.gpa) )

— Start greenius simulations > Matlab

- Analyse results / plot data )
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= PRIDI_Maan150MW_360_Loops apj £ [< ET2 with PTR7D 2009 - DSP_firstHaFHCEbroken gpa E3

CO n SO | e Start 1 hame ET 2 Wib[ D:\projects\greenius-pareso\data\PR.IUl_MaanlSUMW_BﬁO_LUUps.gpji
P source NREL 2009
3 contact greeninus Team
4 focal_length 1.71
5 col_length 148.5
& aperture width E.T8
7 Reff 817.5
& optical efficiency 0.75
- - - % colector type [+]
. -\Greenius\data\project.gpj o a1 50003
11 taz 2.86E-5
12 ta3 o
= 13 bo o
. .\Greenitus\data\Technology\Troughs\ o
- 15 b2 o
Collector\collectorFile.gpa s o
17 b4 1.356E-3
12 HCE diameter 0.0855
19 specific_HCE mass 3.78
20 specific HCE capacity 0.153
21 IAMfit o
22 b_OMatrix
. 23 ¢ ©o © © 0O ©O ©O ©O © © ©0 ©0 © © 0 0 @
WCMPDATADIR = Default Component Dlrectory 26 0 ¢ 0o o o o 0 o o0 0 0 0 0 0 8 0 0
s ¢ ©o © © 0 © © © © © ©O © © ©O 0O 0 0
26 ¢ 0o © © 0O ©O ©O ©O © © ©0 ©0 © ©0 0 0 @
27 ¢ ©o © © 0 © ©O ©O © © © ©0 © © 0 0 0
[=] PRJD1_Maan150MW_36D_Loops.gpj E]l 22 ¢ 0o © © 0 © © © © © © © © © O 0 0
23 ¢ ©o © © 0O ©O ©O ©O © © ©0 ©0 © ©0 0 0 @
- [EEmEllE 2 0 ¢ ©o © © 0 © © ©O© © © © ©0 © © 0 0 0
2 Project_name FREESC-PRJOL 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 Created T36172.7745 2 o 0o ©o © 0 © ©o ©o © © ©0 O ©o O o o 0
4  Last_saved 736172.7745 %3 ¢ o 0o 0o 0 ©o ©0 0 0 0 0 0 0 0 0 0 0
5 HNation $CMPDATADIR\Jordan Marc.gpa 2: g o o o 0 o 0o 0o ©° 9o 0 ©°o o °T 0 0 0
& Location $CMPDATIADIR\Location Jordan - Maan.gna 35 b _iMatriz
7 Leadenrve 37 0.08 0.06 0.086 0.06 0.06 0.086 0.086 0.08 0.06
& Meteo %CMPDATADIR\MW—Haan_enerl{ENM013.gR§! 32 0.08 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
2 Costs $CMPDATADIR\AddACOMCosts_PARESC-PRJIOL.gna Sagm°-?¢ ©.06 0.06 0.06 0.06 0.06 0.06 0.06  0.06
. 40 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
10 Timing
I i 41 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
11 Fipancing ECMPDATRDIRN\Test_Marc.gpa 42 0.06 0.06 0.06 0.08 0.08 0.06 0.08 0.08 0.06
12 Troughsam ECMPDATADIRNETZ with PTRTO 2009 - D5P_eta opt PARESO-FRJO01.gpa 43 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03
13 M@J{S& %CHP]}E;T;LDIR\]‘egt—]}etaj_1edsing1ePhage_JQrdan_]{aan_j_50Hw_Harc_3GQLQQp3_m 44 0.03298 0.03298 0.03298 0.03298 0.032%8 0.03298 0.032%8 0.032%8 0.03
14 EBpiler 3CMPDATADIR\Kein Kessel.ona 45  0.03298 0.03298 0.03298 0.032985 0.03298 0.03298 0.03298 0.03298 0.03
0z $CMPDATADIR\150MH ACC 2014.gpa 46 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03
Femszhiock — 47 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03
16 Storage $CMPDATADIR\Storage_Jordan Maan 150MW Marc.gpa 42 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03298 0.03
17 49
50 b 2Matrix
e A A A A A A A A A A A A A A A A A
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Technical Background of Receiver Replacement
Study, Methodology and Results
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Overview

MOTIVATION of Study

REFERENCE Parabolic Trough Plant

SCENARIOS for Receiver Performance Loss
METHODOLOGY & SOFTWARE greenius + Matlab
RESULTS

a k~ wbdPE
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1. MOTIVATION of Study

i ——(

Field heat losses are between 7% (Jordan, Ma’an)

and 10% (Guadix, Spain) of the collected solar energy
(Eurotrough-type, 70mm absorber, HTF: QOil)

Receiver design lifetime is 20-40 years

However, lifetime may be reduced by
Different maturity of products
Limited experience in operation
Increasing temperatures and new fluids
Wind events with glass breakage

In case of failure, receiver heat loss may be increased by
a factor 5to 10

Objective of study: Energetic and economic impact of
different receiver performance loss scenarios

4#7 : g !
T
DLR 4 por
T . ,f'? "
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2. REFERENCE Parabolic Trough Plant

Technology

Modern 150-MW,, parabolic trough plant in Ma’an,
Jordan (DNI 2820 kWh/m?2a)

7.5h-molten salt storage

360 loops of high-quality collectors (n,,= 0.78)
(Eurotrough-geometry)

51’840 receivers (totaling 207 km), either standard or = ==
with Xe-capsule (+1.3% solar field cost est.) :

Turbine 150 MW, efficiency 38.5%

Dry cooling, no fossil firing
Economy

Investment costs 4 M€/MW,

Annual O&M + Ins.: 2.4%*I

Discount rate 6%, 25% equity, 75% debt
(5% interest rate), 25 yrs operation

- LEC 11.3 €cent/kWh,

i DLR
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3. SCENARIOS for Receiver Performance Loss

Event
“Wind A/B” Wind event destroying glass envelopes
“H,” Hydrogen accumulation
“AR” Anti-reflection coating degradation

Affected Field
50% (H,) or 100% (AR) of field
Limits of field (5.6%, Wind)
Variation of point in time when damage occurs
sudden event year t=5, 10, or 15
gradual damage (AR) 1.5, 1..10, 1..15

Different counter measures (full performance in year t+2)
“Leave” damaged receivers (do nothing)
“Replace” damaged receivers
Activate “Xenon” capsule (H, accumulation)

“Fix” receivers (H, accumulation)

# A% gl
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3. SCENARIQOS for Receiver Performance Loss
Heat Loss of Regarded Recelvers

3000 =100%; o, = 55%,
mrenea * Bare tube; 3-Eiect|1.re coating degraded (2) +65%. free convection
= = = Bare tube; selective coating intact (3) ’

HZ2 in annulus, 1mbar (5}
E 2500 —em-= 12 in annulus & Xe-capsule activaled (6)... |
= Mew (1) or Anti-reflex-coating
[= degraded (4)
“a 2000 —FE '_-i“"1 A
L:," T mp=25°C
E Fﬂ-l’:ﬂ-ﬁg rT'lll.'E'“”“_p.ﬂ
T 500k e __ | =100%; o= 96%,
e - - &=8-9%, free convection
==
J+
& =97%; o, = 96%
o= = » Uso ’
= 1000 £=8-9%, h,, =12.4 W/m2K
H—
‘G
a
VI e00 F 1 =97%; o, =96%,
H, 1 mbar + Xe 19 mbar __ &=8-9%, h,,,,=0.8 W/m2K
___.-—----—-—--—-—l.-—-|—--'--.-_'-_'_-_-I_-I_-I___.I 797/92%, SOl 96/3,
0 ' ' £=8-9%, h,,,,=0.0 W/m?2K
250 300 350 400
Absorber temperature - ambient temperature [Tam-Tamb} inK

i R L .

i DLR
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greenius

THE GREEN ENERGY SYSTEM ANALYSIS TOOL

4. METHODOLOGY

Main StartGreeniusCmd.m

Work.fng Path DADLANSO Vertffentlichungen'2015_greenius_UserConference_Pareso

PATHS Project Name Hzs c10 B trial’
PARESO-Toolbox-Path BASYM\SFMatlabTools\|R_TransThermo\GreenParesoToalbox_vi.0
Greenius Bib Path .. Block _DE_Greenius_Files\data

SOLAR mat matrix with Receiver_Type /' agefaktor_epsilan / agetaktor tau®alpha §f colfrom /f colta /f yr_from /f yr_to

FIELD DEF. fﬂk Walue containing eta_opt_col, bereinigt durch Receivereigenschaften

RESULTS TO
MATLAB

UE'CO, VEC.I, VEC2 Definition which rows will be read from *csv into Matlab result structrure

A

DLR
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4. METHODOLOGY

Main StartGreeniusCmd.m
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greenius

THE GREEN ENERGY SYSTEM ANALYSIS TOOL

PATHS

SOLAR
FIELD DEF.

MATLAB

Working Path DADLENSO Verdflentlichungen\2015_greenius_UserConference_Paneso
Project Name 12z 10 R trial

PARESO-Toolbox-Path pasvisematiabToolsyR_TransThermo\GreenParesoToolhox_v1.0
Greenius Bib Path __slock_o6_Greenius_Files\data

RECEIVER PROPERTY DATABASE

mat matrix with Receiver Type /f agefaktor_epsilon //f agefaktor_tau®alpha /¢ colfrom /f colto /f yr_from // yr_to

fﬂk Value containing eta_opt_col, bereinigt durch Receivereigenschaften

Heat loss coefficients
b0, b1, b2, b3, b4

RESULTS TO

VE'CG, VECI, Ve €2 Definition which rows will be read from *csy into Matlab result structrure

Transmittance, Solar Absorptance
tau, alpha

~~

DLR
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4. METHODOLOGY

Main StartGreeniusCmd.m

greenius

THE GREEN ENERGY SYSTEM ANALYSIS TOOL

Working Path DADLANSO Verdffentlichungen'2015_preenius_UserConference_Paneso
PATHS Project Name “#2: 10 # trial” RECEIVER PROPERTY DATABASE
PARESO-Toolbox-Path DASYNYSFMatlabTooks\IR_TransThermo\GreenParescToolbox_v1.0 —
Greenius Hlb Pa!‘h ... Black_0%_Greenius_Files\data Heat |055 CDEﬁICIEntS
b0, bi, b2, b3, b4
SOLAR Mat matrix with Receiver_Type // agefaktor_epsilon [/ agefaktor_tau*alpha /f colfrom /f colto /f yr_from // yr_to
FIELD DEF. fﬂk Valse containing eta_opt_col, bereinigt durch Receiversigenschaften Transmitta nce, Solar Absurptance
tau, alpha
RESULTS TO vecO, vecl, vec2 e hich Il be read from * lab resul
MATLAB A ; Definition which rows will be read from *cov into Matlab result structrure
| * ]
PREPARE Greenius Project File *.gpj
greenius Collector File *.gpa b0 matrix
FILES b1 matr'nf eta_opt_col
b2 matrxi matrix
b3 matrix
b4 matrix
Thermal Prop. = f(Loc, Time) Optical Prop. = f(Loc, Time)
AddOMCosts *.gpa

DLR
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4. METHODOLOGY greenius

Main StartGreeniusCmd.m

Working Path DADLANSO Verdffentlichungen'2015_preenius_UserConference_Paneso

PATHS Project Name “ 21 10 ¢ trial” RECEIVER PROPERTY DATABASE

PARESO-Toolbox-Path DASYMYSFMatiabTooks\IR_TransThermo'GreenParesoToolbox_v1.0 —
Greenius Blb Pa!‘h .. Block_D6_Greenius_Files\data Heat |055 coefflc'ents
b0o, b1, b2, b3, b4
M Mat matrix with Receiver_Type /f agefaktor_epsilon // agefaktor_tau*alpha Jf colfrom /i colta /f yr_from /i yr_to
M fﬂk Value containing eta_opt_col, bereinigt durch Receivereigenschaften Transmittance, Solar f-\bsorptance
tau, alpha
RESULTS TO vecO, vecl, vec2 pei hich Il be read Jab resul
Definition whi i seovinto Mat S,

MATLAB » ’ nition which rows will be read from *cov into Matlab result structrure

v

PREPARE Greenius Project File *.gpj

greenius Collector File *.gpa b0 matrix
FILES E; matr'nf eta_opt_col
matrxi matrix
b3 matrix
b4 matrix

Thermal Prop. = f(Loc, Time) Optical Prop. = f(Loc, Time)

v

START GREENIUS dos(['Greenius ', [prj_path,proj MName,'.gpj'l,' ',prj_path 1});
|

AddOMCosts *.gpa

v
ReadGreeniusResultsCSVFunc.m

RESULTS greenius *,csv-Files » Matlab Workspace Ies result structure — Plot

~F

DLR
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4. METHODOLOGY greenius
Matlab workspace res. TEC und res.ECO with results

Command Window Gl

ek § A AR fad

>» res.TEC

TOT _Rnnual thermal field output: [1x]
TOT_Solar annual net electr output: [1x]
TOT_Solar annual gross_electr _output: [1x] ans =
TOT_Total_ annual net _electr output: [1x]

TOT_Total annual gross_electr output: [1x] Electricivy Tariff: [1xl double]
TOT_Specific thermal field output: [1x] DebtEquityRatio: 73
TOT Specific electrical output: [1x] Average Interest Rate: 5

TOT Mean annual field efficiency: [1x] Internal Rate of Return IRR on Equity: [1xl double]

B TO’;_Hean_;ystem:efficiency: [1x] Net Present Value: [1xl double]

TOT Solar share: 100 Payback Period: [1xl double]

B B Year: [253 Discounted Payback Period: [1xl double]

Bnnual thermal field output: [1x3 Levelized_Electricity_Costs_LEC: [1x1 double]

Solar amnual net electr output: [1x3 Discounted Investment Costs_IC: [1xl double]

Solar_annual gross_electr output: [1x3 Discounted Running Costs_0C: [1xl double]

Total_annual_net_electr_output: [1x3 TOT_Total_Rewvenues: [1xl double]

Total_annual_gross_electr_output: [1x3 TOT_Total Running Costs: [1x1l double]

Specific_thermal field cutput: [1x3 TOT Equity Funding: [1xl double]

Specific_electrical output: [1x3 TOT_Post_Finance CF: [1x1 double]

Mean annual field efficiency: [1xJ TOT _Post Tax CF: [1xl double]

Mean system efficiency: [1x3 TOT Discounted CF: [1x1l double]

B Solar share: [1x3 TOT Disc Equity Inj: [1x1 double]

TOT_EquityDividends: [1xl double]
Year: [27x1 double]
Total Revenues: [1x27 double]
Total Running Costs: [1x27 double]
Egquicty Funding: [1x27 double]
Post_Finance CF: [1x27 double]
Post Tax CF: [1x27 double]
Discounted CF: [1x27 doukle]
,# Disc Eguity Inj: [1x27 double]
EquityDividends: [1x27 double]
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5. RESULTS
Net Present Value
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5. RESULTS

More results will be presented at the
SolarPACES conference 2015
13.-16.10.15, Cape Town

www.DLRde * Chart1 = Techno-economicanalysis = Marc Roger * SolarPACES 2015 = Cape Town, 12.-16.10.15

Techno-Economic Analysis
of Receiver Replacement Scenarios
in a Parabolic Trough Field

Marc Réger, Eckhard Lipfert, Simon Caron, Simon Dieckmann

SolarPACES Conference 2015
Cape Town, 13.-16.10.15
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Conclusion

- Successful adaptation of greenius for varying heat losses over
loop and operating time

- Similar implementation for public version is planned
- see presentation on current development

- Console start for greenius calculations without GUI
~ Matlab can be used to...

— Set up project files

- Start simulations

- Analyse results
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