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Overcoming the efficiency-accuracy trade-off

« There are “free lunches”, big lunches
« Why this is ground-breaking
« How, in short

« More on the way
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Free, big lunch
* 100% accuracy,
no modeling error.

 Solve time down by
52%0

« Or 2.13x speedup

A% Utrecht
ZF University

Solve time [s]
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Model reduction comes at the expense of accuracy:
Most of the time, also shown in our previous work.

Fully flexible temporal resolution Unlock opportunities to improve computational efficiency

Energy system optimization
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. ew temporal discretization: . . Signifi . -
: - .. h . i ignificant improvements in
operation of energy assets Individual time blocks for each time-dependent PUShl_ng the_ ComPUtatl.on P"f“ S0 8 - 1mp o1
Nd b\ AV, - decision variable (assigned from user input) front: faster to solve with higher the operational feasibility
PSP N M5 m : : .
1 ) 1 ) | ) m L <l « constraint (automatically determined from accuracy
e Fonn Home = — M ¥amn ¥amn Fana decision variables)
__/ML 32 am a4 dll] 5= === == N e Temgoral meomion || =
bk Ak A dah &l &b ariaples 1o — ® UTR 5 Evaluation area
EeEs = see = N I I R e
Spatial discretization * Uniformm time £ o= ﬂ y
- B [FTRGD ", 5
O ) £ - 5
E Temporal discretization _ Flexible e g
© -+ Traditionally uniform across (part of) Variables | | | 1 g U v | % e oD Ureah Ul Ursh e
- the time horizon and the aSSEtS' with Invesmlentrerru'i:the taluel*cumn-f ..... - H b] [/]?1.[-0]_1]7
hourly resolution | I | i R exiore
» Main source of model complexity S

[1] Zhi Gao, Matteo Gazzani, Diego A. Tejada-Arango, Abel Soares Siqueira, Ni Wang, Madeleine Gibescu, German Morales-Espaiia,
Fully flexible temporal resolution for energy system optimization, Applied Energy, Volume 396, 2025, 126267, ISSN 0306-2619,
https://doi.org/10.1016/j.apenergy.2025.126267 .
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Yes! If we can reduce “redundant” variables.

- Demonstration with a dispatch problem:
5 production unit satisfying time-varying demand

Dense problem [100%] Redundancy reduction [25%] Redundacy removal [10%]

Unit sorted by cost
= N w EY wu

I I I I I I I I
1 2 3 4 5 6 7 8
Timestep Timestep Timestep

. Decision variable (unit operation envelop) —8— Demand (dispatch solution)
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Yes! If we can reduce “redundant” variables.

« Demonstration with a dispatch problem:
5 production unit satisfying time-varying demand

- Low-resolution surrogates examine the best/worst scenario in each window.
Variables outside of the boundaries can therefore be removed error-free.

- Similar logic when we have variable availability (like VREnewables).

Lower temporal granularity
Dense problem [100%] Redundancy reduction [25%] Redundacy removal [10%]

w

S

N

Unit sorted by cost
w

=

1 2 3 4 5 6 7 8 9 10
Timestep Timestep Timestep

. Decision variable (unit operation envelop) = —@— Demand (dispatch solution)

S University TU Graz Energy System Optimization Workshop 27 Nov 2025



Mathematical formulation

- Economic dispatch of national energy systems

 Surrogates are created in lower resolution, and min/max values of demand
and capacity. Total

production
cost

(P)(b,e,T):min Y > Y |caZrun (la)

LT 14 no AL (2
N

Energy
Sit. Z xt,u,n — bt,u \V/t S T, u < Z/{ balance of
country u
A
(1b)
* 7] Capacity
Ytun < €tun Vte T,uel,n € N(u C(f)nstraint
dc) 9

generator n

Where xt,u,nj et,u,nj Cn E Rzo’ bt,u 6 Rzo \V/t e T.
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Preservation of accuracy (error-free)

» Mathematical proof led by Maaike Elgersma from TU Delft. A=) |

Theorem 1. Consider the LP (P)(b, e

e,T) as defined in (1).
P)(b.e
00),

T), where

We also consider (P)(b,€,T) and (P)(
b € [b,0),b € [0,b],€ € [e, ee[Oe] 4)

If (P)(b,e,T)), (P)(b,e,T) and (P)(b,e, T) are feasible,
and ¢; # c¢; Vi,j € N where i # j, then for any
optimal solutions x and X to (E)(b e, T) and (P)(b,e, T),
respectively, any optimal solution x* to (P)(b,e,T)) satisfies

Vte T,uelU,ne N(u) (5)

. *
mln(gt,u,ni Bt,u,n) < Lt w,n
and

— * —
mt:uan < Qt,u,n i :Et,u,n S xt:uan

(6)
Proof. Suppose (P)(b, e, 7)), (E)(b,&,7) and (P)(b,e, T)

are feasible. Let x*, x, and X be optimal solutions to these
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Vte T,ucl,necN(u).

There must
be optimal
solutions
within the
surrogate
bounds

Corollary 1. Consider LP (P)(b, e, T) as defined in (1) and % )
the underestimation surrogate LP (S)(b,€,7T") as defined in B
(2) with any subset T' of time steps T, where

E—)k,u = gggi(bmr)a Ckun = ?é‘%f(ek,u,n) (10)
Yk e T ,uecU,nec N(U). Consider also the overestimation L
surrogate LP (S)(b,e, T') as defined in (2), where Ow- .
} , resolution
bi,w = max(by ), €, ., = min(e, , ) (1D
tesSy " tesSy Surrogates
Vk e T ueld,neNU). can be used

i (P)(b.e.T), (S)(b&.T"), and (5)(b.e,T') are fea-
sible, and c¢; # c¢; Vi,j € N where i #+ j hen for any for thlS

optimal solutions x and X to (S)(b, e, T") and (S)(b,e, T"),
respectively, any optimal solution x* to (P)(b,e,T) satisfies

min(x, , 0 €tun) < Tf (12)
Vke T teSy,ueld,neN(u)and
Thun < Chun = Trun < Thun (13)
Vke Tt e Sy,ucl,ne Nu).
Proof. Supposc (P)(b,e, 7). (S)(b.&.7"), and (5)(b.e. ")

are feacihle We firet chnw that anv ontimal enlntinne tn
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Implementation

University
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Inputs:
- Original resolution T (set of time steps)
- Set of countries U and generators at each country N(u)
- List of serial surrogate resolutions T' = [Tl
(only 1 element for individual reduction)

l

1. Start with the first resolution
k=1
2. Initialize bounds

upper _ P lower
x‘,\l.l’l PR = (‘a]‘la(‘“), X|.ll.l\ - 0
3. Initialize variable sets
XoUve — f(tun)vte T,ue U, neN(u)}

delc = @: XPxity = 3

‘reate and solve surrogate problems
lower

: ! upper
USIng T k, xl.uAn » XI.ILII

Update

iuppes lower
Xgun o Xtun

Start to remove
decision variables
t=1

No t=t+1

Yes
Yes
Start with the first <
u>|U? u=u+l
country u =1
No
Start with the first
generatorn = 1
‘| »<n > [N(u)|? >—Yes——

»n=n+1 >

emove (t,u,n) from X
Add (t,u,n) to X4

emove (t,u,n) from X
Add (t,u,n) to Xeapecity

Outputs:

- Variable sets after reduction X*v¢, xidle xcapacity
lower
a

s Latest @ upper
Latest bounds x, 2 Xy

 Including individual & serial surrogate

functions.
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Inputs:
- Original resolution T (set of time steps)
- Set of countries U and generators at each country N(u)

- List of serial surrogate resolutions T= [Tvl.Tiz,...]

Implementation S,

1. Start with the first resolution
k=1

s  Including individual & serial surrogate

3. Initialize variable sets

X~ () vieT,ue U ne NG functions.

xidle — . yespscity _

reate and solve surrogate problems

r lower
s Lun

Start to remove
decision variables
t=1

Loop over
timesteps

k> T2

Start with the firs!
country u =1

Loop over
countries

Loop over
surrogate
resolutions

Loop over
generators
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Case study (based on TYNDP 24)

- Economic dispatch of 35 national energy systems.
« Under the most stable and most fluctuating demand-weather years.

- Note: there is no energy storage, no transmission lines.
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Case study (based on TYNDP 24)

- Significant gains in computational efficiency
« And memory usage (next slide)

« Note again: all instances error-free

, Low volativity weather-demand year (1985) , High volativity weather-demand year (2014)
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Reduction of decision variables

- Country-country
comparison
(Estonia & Czech top)
(Spain & Malta below)

 Climate year comparison
(Bosnia and Herzegovina)
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Overcoming the efficiency-accuracy trade-off

Redundancy reduction [25%]

» There are “free lunches”, big lunches = surroeate
« Why this is ground-breaking
- How, in short

Surrogate,
min

I I I I I I I 1 I
1 2 3 4 5 6 7 8 9 10

« More on the way Timestep
« Extend to include more system features (storage, network etc.).
« Re-think the use of computing power.

Let’s keep in touch (Zhi will be open for PostDoc opportunities ©)

Zhi Gao, Maaike Elgersma, Madeleine Gibescu, German Morales-Espaiia, Mathijs de Weerdt, Matteo Gazzani,
Error-free model reduction with low-resolution precursor surrogates for energy system optimization.
[submitted to PSCC 26]
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