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The Control Tool is a tool able to optimize and improve the integration of solar
[ I | heat into industrial processes during operation, regarding
I CONTROL . from low-level control aspects (e.g. control of temperature)
| ‘ - TOOL « through an high-level optimization of the whole system
* to advanced data-mining techniques (e.g. fault detection, forecasts, ...)

The design of the tool aims to be as flexible as possible in order to be applied to a
multiplicity of systems, depending on

user needs (e.g. control of only solar thermal system),

plant design (e.g. available heat producers, storages) and

level of automation (e.g. many sensors, digital recorded)

Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables
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ﬂt Design of the Control Tool
SHIPZFAIR

 Consists of a Framework of 5 MODULES which allow to make the most of
the solar production.

* MODULES are Ship2Fair Control Tool Framework

chosen based on the :z‘t";::‘:::o‘:

possibilities available A) Control of solar thermal plant g o (less sensors,

on-site 3 o) ;

B) Control of integration of solar @ - % manual readings, )

° Chosen MODULES energy into plant g_ o g

form specific - | B

CONTROL TOOL C1) Optimal C2) Optimal - | K5

for a pIant interaction on interaction on ;:r* S, High level of

plant level plant level S il automation
— by rules — by MPC (many sensors,

digital recorded, ...)
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Control Tool Framework modules
related to plant level
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Weather forecast

Industrial process solar thermal



L 4k Control Tool Framework modules
. related to plant level

SHIPZFAIR “ E) Distributed Learning

Features

B) Control of integration of solar energy
into plant
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efficient
& smart
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Exemplarily explanation Module A

Ship2Fair Control Tool Framework

Low level of
A) Control of solar thermal plant = - automation
— — (less sensors,
M W) .
: : o o manual readings, ...)
B) Control of integration of solar @ - =
energy into plant o 82
=5 ~ ct
S c @
oQ 3 Qo
C1) Optimal C2) Optimal 3 )
interaction on interaction on ;3-* S High level of
plant level plant level =% = automation
— by rules — by MPC (many sensors,

digital recorded, ...)
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| ﬂ Model-based controller for non-concentrating collectors
SHIPZFAIR — Y 2
- et - (e Tn) ) - (B D) - ) ]
irradiance, Collector efficiency model: | V., = o T T
ambient temperature //
>
> Secondary Pl — Controller
desired flow with anti-wind-up =» handling flow rate

temperature temperature steady state flow

setpoint

JER plant -
hydraulic thermic

temperature
controller

PONOEFLCoRBEAER"

with anti-wind-up =» handling temperature  flow measure

temperature measure

MODULE A - focuses on the optimal operation of the solar plant, e.g. control the outlet temperature
=» handles disturbances (e.g. fluctuating solar radiation), reacts in real time Implemented on PLC
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Exemplarily explanation Module D

Ship2Fair Control Tool Framework

Low level of
A) Control of solar thermal plant g - automation
= — (less sensors,
: : ) = manual readings, ...)
B) Control of integration of solar @ - =
energy into plant > | .
= ~ ct
S c M
oQ 3 Qo
C1) Optimal C2) Optimal 3 2 g
interaction on interaction on ;3-* S, High level of
plant level plant level =% = automation
— by rules — by MPC (many sensors,

digital recorded, ...)
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L 4k D) Forecasting methods
ﬁ{l}ﬂ Adaptive forecasting method for forecasting the solar heat
SHIPZFAIR

= Accuracy

1222: of about 95%
gi- 600 —
a 200 /\/\ /\
| | I. | | | |

Wed Thu F Sat Sun Mon Tue
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Module D - Forecasts
T Published OPEN ACCES

SHIPZFAIR ﬂ

Qre / T Applied Energy 293 (2021) 116591
transparent cover = Z =
insulation —— ¢ Qrec Contents lists available at ScienceDirect
absorber with heat H Applied Energy
carrier inside - - -

journal www.elsevier.

OPEN ACCESS: T Ve ———

An adaptive short-term forecasting method for the energy yield of flat-plate | #5%

° solar collector systems
Table 1
L] Table of the different solar collertor systems investigated with thelr application, net eollertor area, orlentation, nominal solar heat produetion and loeation. Viktor Unterberger »*, Klaus Lichtenegger **, Valentin Kaisermayer**, Markus Golles *"*,
° ° Abbreviation Application Net colleetor ares Orientation Nom. heat production Location Martin Horn **
SFmss Proces heat Er kW Kuwait * BEST - Bioenergy and Susminable Terhmologis Grbl, nfflgss 21/, 8010 Grex, Ausria
Pr Hot vearee oo kW Ausria * Insrisie for Ausenadon and Comwol, Graz Universiy of Techmology, hfdldgse 218, §010 Grax, Ausria
il ot e i aw Py “ 1 JOANNEUIM - Unéversity of Applied Sciences, Inssier: of nfremasion Momagmere, Eckerserafe 306, 8020 Gres, Ausria
° ° S s Hot water abdmd LaZak Austria
ST, ia Hot water Ausrla ARTICLE INFO ABSTRACT
:
° — The mumber of largescale solar thermal instalations has increased rapidly in Furope in recent years, with
Pamecasting % of thes systems operating with Nat-plate solar ealleciors. Since these systems eannot be easily switched
Solar Shermal on and off but direcily depend on the solar radiation, they have to be combined with other

whmyndmm:ewmmwmmdﬂmnﬂymmmwmmmmkh

s of great importance 1o consider their expected energy yield to better schedule heat pr storsge and
Exptmaty rerand distribution. To do so the avalability of accurate forecasting methods for the future shiar energy vield are
sssential Currently svailsble forecasting methods do not mest three important practical requirements simple
implementation, sutematic sdsption to seasonal changes and wide applicability. For these ressons, 2 simple
P | pa— and adaptive forecasting method is presented in this paper, which allows (0 scrurately forecast the solar heat
) ( . praduction of Nat-plate eolector systems considering weather forecasts. The method is based on a modified
7 7 P =
[ ] V I
1. Introduction improvement when considering the future solar yield in their high-level

ggg collecior efficiency model where the paramelers are continuously redetermined to specifeally consider the
] controllers, eg. energy mansgement system (EMS), see 3], in oxder
0 “‘;:19- minﬂ’mi;m represented one of ﬁmﬁl‘ﬂp three re-y gotimally schedule heat production, storage and distribution for the
T newable sources driving climate protection, with wind power A
0 XX XIIIED XXXl o a1 i e, o o e 15 L1 Fr crumpe, b comeing theprdictd sl
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outperforms common forecssting methods by being nearly twice a5 sccurate.

influence of the time of the dsy. In order to show the wide applicability the method is exiensively tested with
messurement data of warious fat-plate collector systems covering diferent spplications (below 200°Celsins),
siees and orieniations. The resulis show that the meihod can forecast the smlar yield very accuraiely with

2 Mean Absolute Range Normalized Error (MARNE) of about 5% using resl weather forecasts a5 inputs and

lar hesting installations has increased rapidly in European countries, et yield, the mumber of unnecessary operations performed by other

0000 08:00 12:00 18:00 23.00 &.g., in Denmark [2], but also worldwide in the last couple of years,  hest production units (e.g. gas boilers) can be reduced, while managing
to the installation of about 400 large-scale solar thamal sys- the hest storage and the distribution in ways that always allow the full

tems (350 kW, 500m?) by the end of 2019 [ 1]. In Burope, sbowr 70%  solar yield to be used, saving money and increasing the overall system

4000 of all solar thermal systems installed are flat-plate solar collectars [1], o e e
& A making them an important technology in this secror.
Z T il et vyt i i sl iy gkt iy P oo o R sty g el ol e oy
= 200 ates, they cannot b simply switched on and of bux directly depend on right<ooling strategies to be applied well ahead of time (e.g., see [5]).
4 the solar radiation. For ‘have to be camb In view of practical applicability, the forecasting method of the
A with other technologies or integrated into large energy systms. In  fumre solar energy yield should meet three requirements:
L . . . hoth cases, it has heen shown that a significant potential exists for

Mo Tue Wed Thu

2 mmnmmhm Z1/B, 8010 Graz, Austria.
s wikt heu (V. ), klaus | it (K. Lichtensgger),
Jentin. ksi b heu (V. , madk e (M. Golles), marth M. Hom).

Intips /ol org/10. 1016/} apenengy. 2021116691
Reesived 16 December 2020; Received in revised form 1 March 2021; Accepted 28 March 2021

Solar Heat for Industrial Process tdrirse——eseerrarrgre—rieewres COMMitment in Renewables




L

SHIPZFAIR ﬂ

Exemplarily explanation Module C

Ship2Fair Control Tool Framework

Low level of
A) Control of solar thermal plant = - automation
- — (less sensors,
: : 9 = manual readings, ...)
B) Control of integration of solar @ - 5
energy into plant =
=0 ~
S c O
oQ o Q
C1) Optimal C2) Optimal 3 % g
interaction on interaction on ;:;—* S High level of
plant level plant level =3 o automation
— by rules — by MPC (many sensors,

digital recorded, ...)
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MODULE C focuses on the optimization of the whole plant, based on rules
or by a Model Predictive Controller (MPC).

The MPC

- considers a mathematical models of the whole system (including thermal
storages, heat producers, etc.),

- takes into account forecast data (e.g. production and energy demand)

- and calculates the optimal operation strategy for a prediction horizon
(e.g. 24h) based on a cost function (e.g. overall costs, CO, emissions)

Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables
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£ 4% Further explanation Module C
ﬁ{.}ﬂ - mathematical model for MPC

SHIPZFAIR

Models developed for different components of a system and programmed in Julia (LINK)

Q0000008

' Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables | 13
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SHIPZFAIR

 Models developed for different components of a system and programmed in Julia (LINK)

00900090

=>» for a modular approach these models can be combined to form a model of the whole system
(see next slide)

e Models have to have a certain mathematical structure to be used in MPC and consider:

Input/output relationship Transport delays Ramp speed Constraints

I ..... e
\\ E tmin,ON = 60 min.
: . R tminorr = 30 min.

Qn = Qau - COP(AT)

Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables
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Exemplarily application of the MPC

Based on the
real structure of
the system, the
right models are
combined

Model represents the whole system and

its connections and considers prices for
heat, gas, electricity, ...

15
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Simulation of MPC

Measurements

Future demand
and yield

‘Mathematical
Models

Dispatch &

setpoints

Every 15 minutes, the MPC carries out
the following steps ...

Evaluation of the
Operating Strategy

Optimal Strategy?

Variation of the operating
strategy for the next 24h

' Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables |
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1. receives measurement
from plant and
weather forecasts

Measurements

4. Send back the “optimal”
operating strategy for the
next 15 min.

Measure

Siulﬂation of MPC

2. Initialize the
model and
tries operating
strategy

Future demand
and yield
Mathematical
y- Models

Evaluation of the
Operating Strategy

Optimal Strategy?

Variation of the operating
strategy for the next 24h

3. Varies the operating

strategy until optimal

' Solar Heat for Industrial Process towards Food and Agro Industries commitme

one is found
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Exemplarily explanation Module E

Ship2Fair Control Tool Framework

Low level of
A) Control of solar thermal plant = - automation
- — (less sensors,
py o .
: : o - manual readings, ...)
B) Control of integration of solar @ - S
energy into plant A O g
B
C1) Optimal C2) Optimal 3 )
interaction on interaction on ;:;—* S High level of
plant level plant level =3 a automation
— by rules — by MPC (many sensors,

digital recorded, ...)
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patterns which exist on-site

Complete data driven approach to detect

Example - Pattern recognition
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L
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=
- 15000
0
C
@
o
o 10000
L
[T
5000
= = = = = = = = = = = = = = = = = = = = = = = = = = =
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
o o o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o O B K H B 2 B B e B MMM R M M RN
L N L L T A T U - - R = T = N - VIS B S ) Y «
Modes
pumps Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode
01 0z 03 04 05 06 o7 08 09 10 " 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
0  roBirPmpHexHst02Ret ] 0 0 0 0 0 0 0 0 [] 0 0 0 0 0 ] 0 [} 0 0 0 0 0 0 0 0 0
1 roChiPmpCmrRet 0 1] 0 ] 0 0 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 5 | 0 0 1
2 roHst0 1PmpChiFlo 0 0 0 ] 0 0 1 1 1 1 1 0 0 0 il 0 0 [} 0 1 0 1 0 0 1 1 1
3 roHst01PmpHexRcoRet ] 1] L] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L] 0 0 0 0 0 0 0 0 1
4 roSolHexHst02PmpRet ] 0 1 0 1 1 0 1 1 0 1 1 0 0 0 1 0 1 1 1 1 o 0 0 1 1 1
5 roSolPmpHexHst02Flo 0 1 1 0 1 0 0 1 0 0 1 1 1 0 1 0 0 1 0 0 0 1 1 1 0 1 1
6 roSolPmpHst01Ret 0 0 0 1l 1 1 1 1 1 0 0 0 1 1 il 0 0 6 | 1 0 0 0 1 0 0 0 0
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ﬁ%}” Example - Pattern recognition
SHIP2FAIR 1§ Task 5.4

Tirme [minutes]

Time in each mode per day Number of switches to a certain mode per day
W Mode 27
200 de name 50 = W Mode 26
| W Mode 25
. @ Mode 01 B Mode 24
500 @ Mode 04 l I W Mode 23
. . @ Mode 02 “ — — = E M Mode 22
. . @& Mode 13 5 — = = m B Mode 2t
ode 2 ] — Mode 20
500 . 3 @ ©  Mode 16 5 30 ] I.Ill=. B = voeew
. Mode 18
. . . @ Mode 06 ﬁ = = 1 = . W Mode 17
L . . . 8 . @ Mode 03 (] zm-i ; | 1= .l l W Mode 16
Mode 05 W Mode1s
e . . a - I I l . W Mode 14
460 Mode 25 ol l = - | W Mode 13
. . Mode 26 E. = -II.I=I ] E. B Mode12
® Mode 17 I —I W Mode 11
200 @ e 0 l . . l l . l . Mode 10
® P ® Mode 14 3 Jan 19 Jan 26
e o % g ® ® o Mode 24
_— ® = ¥ Mode 23 Days
H L ® . § H L} ® = L § ° ® ©  Mode 21
0 1 H s H ] T H H ] s {H @  Mode 19
@ Mode 12
Jan 1 Jan 3 Jan 5 Jan7 Jan 9 Jan 11 Jan 13 Jan 15
2020

Date [days]

Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode
12 26 27

ReS 0 02 03 04 05 06 o7 08 09 10 " 13 14 15 16 7 18 19 20 il 2 23 24 25
0 roBIrPmpHexHst02Ret 0 0 ] 0 0 ] 1] (1) 0 0 0 0 0 0 0 L] L] L] 0 0 o 0 0 L] 0 ] L]
1 roChiPmpCmrRet 0 0 0 0 0 o 1 1 1 1 1 1 0 | A o 1 1 1 1 1 1 1 1 0 0 1
2 roHst01PmpChiFio 0 0 0 0 0 0 1 1 4 1 1 0 0 0 1 L] L] L] 0 1 0 1 0 0 o 1 1
3 roHst01PmpHexRcoRet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L] 0 o 1
4 roSolHexHst02PmpRet 0 0 1 [] 1 1l ] 1 A 0 1 1 0 0 0 3l L] 1 1 1 1 0 0 0 1 1 1
5 roSolPmpHexHst02Flo 0 1 1 ] 1 o ] 1 0 0 1 1 il 0 il 0 0 1 0 0 o 1 1 1 L] 1 1
6 roSolPmpHst01Ret 0 0 0 1 1 1 1) 1 1 0 0 0 ik 1 il 0 0 1 1 0 0 0 1 L] L] L] 0
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Implementation and Integration of the
Control Tool

' Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables | 21




ﬁ{t}” Planned integration of Control Tool
SHIP2FAIR T¥

Frontend (=Browser)
Representation of Data for User

2999¢%¢
(1]
0 0
— | l: X
- ‘ 00
” =\ Plant Level (programmable logic
Server — BEST Server — LINKS controller =PLC)
Conn. Weather forecasts Data handling/ICT Control of plant in real time
MODULE C )Opt. MODULE D) Forecasts MODULE E) Distributed MODULE A) Control of MODULE B) Control
whole plant by MPC solar prod. Learning Features Solar thermal plant solar plant integration. 22
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o

suipzrair 7§ Control Tool

Example of Front-end -
Current implementation

Sat

"

25

OK

MONITORING FORECASTING | MPC SUGGESTIONS : JINNOVATIVE FUNCTIONALITIES | KPI 1

Monitoring

Plant

LINKS Solar Plant Te elect a sensor...

- Eheiiio Tank temperature (down)
April 22nd 02:00 am Tank temperature (up)

Inlet fluid temperature to the solar field
Outlet fluid temperature to the solar field

""" Start Date Select a sensor

- Select a plant... April 21st 02:00 am CANCGEL QK

LINKS Solar Plant Test
LINKS Process Plant Test

End Date
April 22nd 02:00 am

Please select a plant first

justries commitment in Renewables |
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Ship2Fair - Control Tool

€« ¢ @

http://ripley.polito.it/CT video.mp4

ship2fair.doud - @ o ) n oe

[l

Sign in
carlo.nen@linksfoundation com

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 792276

Disclaimer excluding Agency responsi
contains

y. Any dissemination of results must indicate that it reflects only the author's view and that the Agency is nol responsible for any use that may be made of the information it @ m ,
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- The SHIP2Fair Control Tool consists of a modular framework of different
MODULES Ato E

- The different MODULES can be ‘plugged together’ to form a specific
Control Tool tailored to the needs of the demo plants and the
possibilities on-site

- Parts of this specific Control Tool has to implemented on plant level and
some on a higher level (e.g. a server with access to large amount of data
and higher computational resources)

- A front-end (GUI) can be accessed by the plant operator to investigate
their data, see the forecasts and suggestions by the MPC

- The Control Tool will be implemented in the next months and tested on-
site to evaluate its performance in practice.

Solar Heat for Industrial Process towards Food and Agro Industries commitment in Renewables
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Thank you!

Viktor Unterberger
BEST — Bioenergy and Sustainable Technologies
viktor.unterberger@best-research.eu
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