IMPACT OF MODEL
SIMPLIFICATIONS ON THE

ANNUAL YIELD OF CSP
SYSTEMS

September 27-30, 2022
so a r PACES Albuquerque, NM, USA
Solar Power & Chemical Energy Systems 28" SolarPACES Conference



What Is the best Approach to optimize CSP Systems?
DLR

single-stage
vs. two-stage
formulation

linearization deterministic
VS. surrogate vs. black box
models solvers

mass flow

based vs.
energy based

modeling

TMY vs.
representative
data set
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Optimization of CSP Systems: A Coupled Optimization

Problem

Matthias Loevenich, DLR Institute of Solar Research, 2022-09-29

optimal
CSP
systems

coupled
optimization

problem

optimal
operation
strategy

optimal
design

i DLR



Annual Yield Assessment of CSP Systems

Solar Field

= annual yield assessment

typical operational year

time steps of 15 - 60 min
guasi-dynamic modeling

mass flow based approach

equation based and data driven models
discrete and continuous variables

non linear dependencies
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SolarPACES Guideline for bankable STE Yield Assessment
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https://www.solarpaces.org/guideline-for-bankable-ste-yield-assessment/

Todays Topic: Model Simplifications

simplifications

necessary

reduce
— problem
size

| simplify
models

stochastic

solvers

snnrnﬁggaons reduction of
deppend 57 e computational
algorithms used effort

variable
reduction

deterministic

solvers

linearization

Investigate the influence of model simplifications on the typical operational year to
Interpret and tune the results of the optimization

i DLR
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Case Study: CSP Trough Plant for 45 MW constant Load ‘#7
DLR

Solar Field Power Block
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Reference Model

= state of the art quasi-
dynamic model

» mass flow based modeling
approach

» following SolarPACES
Guideline for bankable
STE Yield Assessment

* 15 min time steps with
adaptive time stepping

= solar driven operation
fulfilling a load curve

= simulations performed with
YACOP by DLR

Matthias Loevenich, DLR Institute of Solar Research, 2022-09-29

Solar Field

equation based
no spatial
discretization
instationary
energy balance
with correction
factors for heat
up and cool
down

Thermal
Energy

Storage

« equation based

* heat exchanger
model using
LMTD-method

Fluid Pump

* equation based

i DLR

Power Block

data driven
steady state
points from

Tin’ mim pin’
Tamb, F_)amb’ (Pamb
instationary
energy balance
with correction
factors for heat
up and cool
down



https://www.solarpaces.org/guideline-for-bankable-ste-yield-assessment/
https://www.ebsilon.com/en/

Model Simplifications ‘#7
Time Step and Energy Based Models DLR

MO M1 M2 M3

energy
based model

60 min time
steps
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60 min time
steps



Model Simplifications ‘#7
Mass Flow Based vs. Energy Based Modeling T o DLR
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Model Simplifications ‘#7
Power Block Model DLR

M3 M4 M5 M6

power block neglects

ambient conditions

pﬁgfévafg ‘ﬁrﬁ‘esgf power block efficiency
imati nstan
apprOX|mat|on constant
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Impact of Time Step Size ‘#7
DLR

B Cordoba 45MW B Cordoba 60MW B Riyadh 45MW

Eel, net
. L larger time steps lead to
' || ] a slight overestimation
Lo ] of annual electrical yield
2
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Impact of Energy Based Modeling

»  Cordoba 45MW
Il Cordoba 60MW
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M3 with TES

energy based modeling leads
to an overestimation of annual

electrical yield for models with
TES

» overestimation of PB efficiency
due to loss of exergy
information in the PB

* higher PB operation time due
to loss of exergy information in
the storage

 underestimation of parasitics
due to loss of control variables

DLR




Impact of Power Block Simplifications ‘#7
DLR

B Cordoba 45MW B Phoenix 45MW B Riyadh 45MW
Il Cordoba 60MW

electrical yield

Increases with degree
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Impact of Power Block Simplifications
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i DLR

TES smoothes out
Impact of PB

simplifications on
electrical yield

* more operation close to
design point due to

larger solar field
* PB not designed for

Phoenix

m EB 60 min
m EB 60 min
m EB 60 min
m EB 60 min

PB no
amb.

PB no
amb.

PB no
amb.

PB
linear

PB
const.



Classification of the Results

B Cordoba 45MW Il Cordoba 60MW

Ee[’net = With TES

B Riyadh 45MW

4.0
3.5 A
3.0 A

2.5 1 -

2.0 A

Deviation from MO in %

MO M1 M2

M3

Matthias Loevenich, DLR Institute of Solar Research, 2022-09-29

M4

M5

M6

deviations in annual

electrical yield do not

exceed 4 %

* moderate value for
annual yield assessment

15 min

60 min

15 min

60 min

60 min

60 min

60 min

PB no
amb.

PB no
amb.

PB no
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PB
linear
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DLR




mnm

Y e SRRy B LA T B _.-.““‘-I.“m

0.0 m_—_——

C -L-ws-m-w—-

| 2.5
2.0
1.0+

- 128



Conclusion ‘#7
DLR

Impact of model simplifications investigated on exemplary CSP trough plant

* time step size
* mass flow based vs. energy based modeling
» power block model simplifications

Investigated simplifications have only a moderate influence on the annual electrical yield
(< 4%)

time steps of 60 min lead to an overestimation of around 1 % compared to 15 min

energy based modeling leads to an overestimation of up to 2 % for models with indirect
thermal energy storage

iInfluence of heat input on the power block performance should be considered in annual
yield assessment models

Matthias Loevenich, DLR Institute of Solar Research, 2022-09-29



Outlook
DLR

enlarge the study for

other CSP how representative
: . are the results
conflgur_atlons and obtained so far?
sites
continue the study for does the hybrid
CSP hybrid character induce
configurations more deviations?

investigate impact of
simplifications on

what error and

accuracy and direction of error can

erformance of e el
performanc different optimization

optimization algorithms?

algorithms

Matthias Loevenich, DLR Institute of Solar Research, 2022-09-29



essentially,
all models are wrong, ‘#DLR

but some are useful

George E. P. Box

Matthias Loevenich
DLR Institute of Solar Research
matthias.loevenich@dlr.de
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