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Motivation

« SOLTERMIN Project (“Solar thermal solutions for integration
In industrial processes”), funded by Spanish Government Call
RETOS 2017 (ENE2017-83973-R). Duration: 4 years

* Objective: development of compact and optimized solutions
of concentrated solar thermal energy technologies suitable for
supplying heat in industrial processes

« | = Subtask 4.3 : Analysis of a hybrid solar mini-tower +
Brayton cycle + multi-effect distillation unit

Non-consumption of water by the power cycle

Capacity to integrate high T desalination systems (more efficient), no penalization of
power cycle eficiency

o High modularity and capability of developing small power systems for areas with
water scarcity
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System description

 The system proposed is based on the AORA Solar Central
Receiver tower system located at Plataforma Solar de Almeria

= 100 kW hybrid solar/gas turbine.

Tamb 23°C
Pamb 100 kPa

52 heliostats. Tower height: 30 m
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System description

« Exahust gases from Brayton cycle are directed to a heat recovery
steam generator (HRSG) where steam is generated to drive the

MED-TVC unit

motive steam 200 °C, 15 bar

150 °C, 5 bar
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Methods

File PVGIS  SolarPILOT ’od/elecc EES  Simulation structure:
e g o » Input weather data (PVGIS)
fl c,c.efodel mode = Solar field model (SolarPilot)
B = Receiver & Brayton cycle
pua model (Modelica)
- M1 import - MED_TVC mOdeI EES
'
e IR DR  Python has been used to
S & e En et integrate all the models and
REQUESTS SclolzlLLOOTT | FMPy | Ploty | add a. GUI, Wthh aIIOWS tO
wmewes || SORT | | e perform the simulations and
@ generate the results
&) python e « The MED-TVC model has

o not been yet integrated

‘Web application
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Methods

« Solar Field model

50 m

40m
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The SolarPILOT tool from NREL was used to model the heliostat field

It can determine hourly distribution of concentrated solar irradiance

onto the receiver
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Methods
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Methods

MED-TVC model

o Afirst-principles model has
been implemented in
Engineering Equation Solver
(EES)

Polynomial equations have
been obtained by performing
simulations using the MED-TVC
operation model

The results from the simulations
have been fitted by the Matlab
tool MultiPolyRegress

Cm:'{%sg EERES4WATER Project, September 26, 2022
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Methods

 GUI in Python

SOLTERM

umn ary  Weather Data

Task 4.3 - Solar Tower Gas Turbine Power Plant coupled with a MED-TVC plant
Weather Data
Map Solar Radiation Database (PVGIS) Typical Meteorological Year (TMY)
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&
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-2,358549
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Methods

Pl

GUI in Python

SOLTERM

Task 4.3 - Solar Tower Gas Turbine Power Plant coupled with a MED-TVC plant
Solar Field: Heliostats & Tower

Diagram Picture Discretization Discretization study
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Atmosphere

Parameter

Heliostat name

Focusing type

Canting method

Number of heliostats
Heliostat height

Heliostat width

Heliostat reflectivity

Soiling factor
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Ratio of reflective area to profile
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Methods

 GUI in Python

SOLTERM

DNI Power over receiver

Performance summary

Simulation & Results

Task 4.3 - Solar Tower Gas Turbine Power Plant coupled with a MED-TVC plant

Mass flow rates

Min Max Avg Sum
Net power 44.42 kWh 107.29 kWh 65.70 kWh 23.65 MW
Solar % 0.00% 87.83% 20.71%
Fuel % 12.17% 100.00 % 79.29 %
€O, emissions 4.66 kg/h 30.58 kg/h 16.47 kg/h 5.93 ton
Fuel usage 20.461/h 59.40 l/h 54.37l/h 19.5T kl

80%

Performance
B o
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20%

ST ] ]

Simulation & Results o
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Jan2 Jan4 Jans Jang Jan10 Jan12 Jan14
2022

Date & time
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Results & discussion

 Motive steam pressure analysis MED-TVC
= 15 bar, 198.3 °C = 32 m¥/d, PR = 13.37

= |5bar, 151.8°C = 47.2 m3/d, PR=12.8
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Results & discussion

« Study case (only power)
= [ocation: PSA, Almeria
= Date: June 15

Min Max Avg Sum
DNI 0.00 W/m* 872.13W/m®  369.10W/m® 8.86 kW/m? 500 Wi
Power receiver  0.00 kW 389.11 kw 56.49 kw 20.34 kkw
Latitude 37.095000 500 Wm?
Longitude -2.358549
Start 15 Jun, 2022 Z .
400 W/m*
End 15 Jun, 2022 "
Source PVGIS )
Elevation 489.0m Fowim
RadiationDB  PVGIS-SARAH
Meteo DB ERA-Interim O o0 03:00 06:00 09:00 12:00 15:00 18:00 21:00
Horizon DB DEM-calculated un 1%, 2022
.
s
B 300 kw
g
@
E)
2
8 200 kW
LD
g
®
5 100 kw
H
&
0 kw
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
Jun 15, 2022
Date & time
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Results & discussion

« Study case

—— Compressor = Turbine === Net = Solar = Fuel

250 kw

Turbine power
200 kW

Compressor

150 KW

Net power
100 kw
50 kw

N
as
0 kw 9
00:00 03:00 06:00 09:00 1200 00 18:00 21:00

Jun 15, 2022

Time

Only gas
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Mixed mode

Temperature
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= Ambient = Compressor = Regenerator = Receiver = Combustor = Turbine Exhaust
1000°C 950 °C
800°C M
600°C /
400°C
200°C
0°C
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Conclusions

» A simulation tool able to estimate the annual power and

water produced in a hybrid solar mini-tower with multi-effect
distillation unit is being developed

» The results for a simulation period at any specific location
Includes power distribution over the receiver, temperature
profiles, and performance indicators

» Two different motive steam pressures have been analyzed
In the thermal vapor compressor in a preliminary analysis: 5
bar and 15 bar. The lowest motive steam pressure leads to
the higher water production (47 m3/d)
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© Appendix

Turbec T100 Natural Gas Microturbine System

Technical description

Power Conversion Unit (PCU)

1 23 456

1. Air filter

2. Generator

3. Air inlet

4. Gas turbine engine
5. Pipe from recuperator
6. Recuperator

7. Ventilation air outlet
8. Exhaust gas outlet

9. Pipe to recuperator
10. Gas compressor

15

11. Combustion chamber
12. Qil pump

13. Cooling water pump
14. Power electronics
15. Control system

14

1. Generator

2. Inlet air

3. Combustion chamber
4. Air to recuperator

5. Compressor

6. Turbine

7. Recuperator

8. Exhaust gases

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L)
A

Converting solar energy into 100kW electricity and 17 0kW heat
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Appendix

MED-TVC model

PF-MED+TVC Model
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