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Executive Summary

This deliverabl eGALdlelyeeQ dpadi twi e8i hhe key barrie
flexibility in Belgium and evaluates a structure
a crsoescst or vi evs pwictif isce dtecerp di ves (chemicals, co
iron & sftearerlous). Beyond a theoretical inventory,
|l essons from direct interactions with industri al
The assessment draws on a |literature scan and 1in

We (i) defined barriers across seven categories,
and impact to prioritisef twhifbhcdlost emai eedéalur bher
I

anal)ysi(siii) compiled suitable solutions for the
barriers, and (v) assessed g¢eiaelhe ctEmauctkiedy ed ddicn st
grid operation, iengdu st ef aectciompredas d/ivyeal abil ity,
i mpl ementati on, and )atlaokneghsoil ddee ra agcucaenpttiatnactei ve pr
from industry input.

Three overarching conclusions emerge.

1. First, there is strong alignment bet ween | it
technol ogi cal and economic constraints, but
emphasi sr egloatged dbottl enecks and regulatory al
access

2.Second, sector cont ext matter s: similar bar
pr esses and busi ness mo d eslisz,e wshoilcuht i omp | iwe

[ icient.

, no single instrument unl ocks flexibil

i nated action across mar ket desi gn, rol

ofmmarey nal readi ness.
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assessmRingi nngateleecst?ri ficati on and hig
ewables increase system vawialki Irietsypoaise . t hed
en seen as a K d ye x iplrioltviri isyhoahtcer ftloexi bi | ity p C
er epuseceasnd ¢ onslnrlaoicnkeidng val ue t herefore
S i thestraints.
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ier | &vie d LT xy@e.i se barriersdtiecthmosegeéwcaktat ega
|l atory/ |l egal, organi sational, dWehavieadur a&lc,yt oi
more than eighty barriers identified, the mc
substanti al upfront investment needs while prosp:!
volatile, or perceived as risky. On the technolo
many processes operate withimestight eqgeal istmal &n d
can jeopardise product specifications domamper vi c
rate ceiisitrogs ,pesntadrtti e s, and int &rchhenpd e mciwhsathb
be modul ated in practliidd.esThaersee otfe cenn iccoantp oruenad e d
prerequisites: fragmented metering, l'imited tel
make reliable activation and settl ement harder
frequentl y poi nitnctoon vtehnei epnecrec ecifv eodr gani s-i@dgydeman
rations, l'imited familiarity with energy mar
ertainty of project evaluati on. |l mportantly,
st rmafilngatse ieconomic risk, regul atory nam@ainguit
ormation gaps magnify al/l three, creating rei
ticipation.

=@ O 0 =
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t doraarlri er Whehghktosnpani es score
ds consistentl yrappedmgrimmgahdr

ess: connection capacity is ti
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r service quality when opematgiong afoll @3 & mbk jpir iomkeisc
nvironments. The t hir dpriesdircetwaebnhubeu tsyucf!fe acrieern cwa la
nd activation patterns, intenhahsineept maens ad:t
edrerm constrraamipntenvseadfoepes must be respected to
elivery risk. Al teltauug hactrioesse steltemes , r t hei r rel
ontext and technology.

nterviews shar pen-balnan ceo men dingehst srefrom t he |

I

emphasise grid constraints more strongly than ac
t hat economic and technical concerns a&retoehare
exhibits the Bbmpoaztasel| dbadr peobncess physics domi |
controls are often prerequisites, and protectin
confront a firm I T |l oad and t hdr efedr e oa fraarirl ow i
cooling); urban grid saturafiom aobdneatcieocnai hu)
options. I n food, strong economic and not abl
campaign/ seasonality amual HACGEGHheéguilmpemaduaonodul at
eneregyf i ci ency measures commonly outperform DR o
bal ances technol ogical, economi c, and regul ator
power demandrintoati mepasmp,| iwhietre d-wehdquiaphenty i
modest flexibility windows and weakebueusesetah
combine informational and organisati-oamp bamiter
equi pment wear, odlhiengneedcti 6f erc aut omati on, pro
saturated grid access. Across sectors, when rele
grid capacity and connection certainty, qgual ity

t

erm priorities.

Sol ution asVWee sassnseensts. s ol uti cmes kieh cbluesemnsad resp
mar ket design, regulatory/ |l egal, publ i-icn tseurpnpaolr t ,
l ever s, and infonaadi map &eawlartoeshbe barriers it
(mar ket efficiency, grid operation, industrial
proportionality, ease of implementation, and st

ndudenriyvieodr iptry scor e.

Mar ket roles and Trhéspoinssi Whérnei esmpani es mo ¢

actionabl e change. Joint operation and pool i
operational guardrail s, are rated high in wur
enabling but i hheawmpl esnd ctlnetadrdo ngover nance, S
contracts, and interoperabl eocudatcd aas@®lsan gec.t i
caps, notice times) protect processes and bu
reduce avaaidl adbeiglriatdye t he techni cal suitabil it
contrasharrngktempl ates between BRP, aggregat
urgency ratings from firms but score &dery we
because thaiyl eraed bteotsi danand et achvell ygytr ai ¢
i mpl ement contractually, provided BRP accept s
Mar ket dPegwidguc.t design adaptations (e.g., ram
and symmetry, basel i naedsj uasntde ds eptetnlael mieinets,) rairsek
priority because they can admit processes t he
val ue whdn ntkieglhttloy-csayssetse m bwste t hey are sl ow t ¢
regul at ory c hsatngke manlddanrulneégoti ation. Clear p
wel | across KPls by reducing ambiguity on ro
measament and penal ties, thereby | owering
onboarding. Standardi sation and harmoni sati ol
deliver across actors and regions, and they
expectedngEwvablue stacking performs best in t
effi daehowi ng assets to be used where they a
revenue potential, and strédbgtheompgni ageef e
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it only medium in priority because stacking
compl exity ( psdiowrkilaayn triun ge,s , acnads h utsoi onleisnsg ) .

Regul atory/ |l egal aReag wluabtl drcy saimpd olra g al reforn
as hecessary but not wurgent; KPlI profiles ar e
once enacted but uniformly | ow ease of i mpl el
changes, negoti ati amewo raknsd. cTohnensoen nfierasur es r
l exibility on their own and work best when p
i sk allocaupmport Piumdticuments feature promin
i nmecsupport and tax credits can i mprove comp
apital, but they rais€li ptopbronomalnictey nana !
eed tight targeting and safeguards. Subsi di s
KPlass a-rl swcosbwentry point they build inte
quality, yet they are modest at resolving tbh
viewed as a stepping stone toward actual pr o\

Compaingter nnal | ever s &Cwodnpiaimiyr @asbhalucmaesur es
tabl e in priority but can be power f ul when
i nvest ment approach and stcroasttegriiesk tocorieg i wea
internal measures (aligni ntgo KaPdcso mneoddaapttei nfgl ep
internal shadow pricing, integrating flexibil
to i mplement because they require process ¢c¢h
in.adtnfucture investments are effective once
pl wg-gl ay | T pmemodwlrenss best ov-aeally, awbiettise ¢ bpihi
met er storage, buffer capacity) tend to sco
stakehol der acceptance despite strong technic

I nf ormati on andThawarehesser sits i n t he I
compadreyr i ved priorities: companies do not co
unl ocking flexibility i n thespelhoft ct awmar en
campaigns and showcasing eof ormalstiadgbkyriaal
particularly on effectiveness, scalability, :
i mpl ementati on burdens or requiring extensi
i nstruments are aaeadsyano shofl onternal perce
companies with I'imited knowtrkdgefohctl eri bl i
However, their effectiveness depends on intec
more operationahbdarodisng utcdimplsatoes or feasib
companies view information measures | ess as
acceleratoisktlkar|l gesteps and i mprove deci si (

Because barrier profiles differ, s 0 Sihmotud ds isvoel u
segments (e.gfl.errpaud)s ldneafoint most from clarity
ri sk sharing, and targeted prodest P wseecankssistt tvat
sectors (food and parts of chemical s) need b u
compl emented by calibrated guardrails and cl ear
steel benefits from poolimgeardt-gugk dpat hvayal ¢
acknowl edge-wequi pmeiks and | ean engineering capac

De l
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1l ntroducti on

1. Mhe Neé&ldexXiobi | ity
The energy system is undergoing a profound trans
transport, heating, andFigddset rwhiilse aarc eil rearad a sic
variable renewable energy sources (RES) such as
grid. These devel opments are essential for achie
alter the way ounmreeedsecttor iocpietryatsey.st em
TWh
140
120
100
80 885
822
60
40
20
0
2010 2015 2020 2025 2030 2035
© Prosumer Power © Current Commitments © Constrained Transition

Figure 1-1 Historical and assumed future yearly electricity consumption in Belgium [242]

The acceleration of the energy transition poses
vol tage fluctuations, and i mbalances between s
frequent and more difficult-efbeptedird,nttéha btarud no
of electrification wil!/l require significant grid
both of which entail | ong |l ead times and high so
Flexibility is therefore no |l ongdéds oplishalag et
1-2,Bel gi umdéds tot al flexibility need wil!/ i ncreas
primarily due to the growing share of renewabl es
Secall ed fAislowdo flexibility (iwi tvhi taalr efsopro nnsaen atgiim
updates and unexpected changes in renewabl e out

estimates that the required volume for this type
At the same timabl afaetoesperdbwithyn(1l15 minutes
real me deviations and cover sudden events i ke a

I
needs ar e expected t o mor e t han doubl e, ,surpas
resources that can ,,weddt bwictomen i mmcmiemasti eagly val
0.5 GW needed by 2036. These figures wunderline t
that the future system wil/l rely on
By enabling consumers and producers to adjust
response to system signal s, flexibility acts as
ensures a safe grid operation whislieéeipad@orngoth

| arge.
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Upward Flexibility Needs Downward Flexibility Needs

2500 MY __7g%ho
6,540 6,820 %‘M.

5320 5,740

4,960

5100
4 Tcta\ Flexibility
3780 4,120° MW;Sh] U S 5
d 1 wi I
SIO\ Frenbllm Y € Belgian syste equire
Fast F\exbllty 5 - 7 GW of flexibility \ +
[MW/15min] f r
517,

— qup”’\g « of which 3 GW needs to be able to
Flexibilif react in the last r hours,
[MWSmln] eact in the last quarter hours,

- 0.5 GW needs to react
within 5 minutes.

2026 2028 2030 2032 2034 2036 2026 2028 2030 2032 2034 2036

Figure 1-2: Flexibility needs of the system over the coming decade [242]

1.Phe Pot dmtdiuahtlreaxalbi | i ty

Within the broader search for flexibility, the
Il ndustry accounts for a significant share of t
demand in relatively few | ocabti amsg. cTomits ot 6 @
i ndustrial processes particularly attractive f

Today, marynteemesrigvye i ndustrial processes stildl
responsi vseynseteesgnrtial condi ti ons. Yet a |l arge part
shiftable or modi fi abtermwpberbbess thadapghat isdhrogt
operational pl anning. This wunlockable potenti al
effiadequacy and grid stability.

Projections from Elia's AdequacyThedeFéexrbficat
new industri al procedleas, gllelt asc PAwer Fur naces
centres, is expected to drive up nominal el ectri
3 GW by 2036. However, eigff aitredd d texii dli |l pntgygceameaacsrie
in | oad can be sibgniofviecr&wte®W i me dnuocreed constraine
t heoretical increases ofc8@a0thbwWjust 2630 dMWnt beo
activaddlmol ogi ed dleiakke aPhodweE!l ect rairce Aricst Feuwr naasc etst
assetod f aB80%OFf Il exi bility.
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MW Prosumer Power and Current Commitments ”
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Flex (central) Process
3,000
40-80%
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Acditional Flexiole capacity
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2,500 ]

Resulting increase in net load (MW
Yea

2,000

L
0
24 26 28 '30 32 34 36

Figure 1-3: Additional nominal capacity and flexibility from new loads, in industry and data
centres [242]

1.Barriers for | ndustri al FI exi bi

Despite its significant technical and economi
undeseudt.i IWhil e some sectors havei dd reasgpornsnd eigmn
operations, a substanti al share of the flexibil
materialize in practice.

This underutilisation is not surprising when on
never designed with flexibility in mind. Product
routines were ebptcmeseg, foonti nuintox drod dadwythnpuni
interaction with an external electricity system.
feasi bl e, it often conflicts with how the site w
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The consequence is a persistent gap between wh:e

actually activated. Bridging this gap requires .
t hat prevent fl exi Biwlhiettyefrr o1 elyeeciamogn otmauwicliain dvaecdyl

or organi sational in nature. Il dentifying and ad
toward unlocking industrlal flexibility at scale

1. Bhe GALILEO project

Th&ALI LEO pariomseaacttoel erate the uptake of i ndustri
i mproving awareness, building shared knowl edge,
actiAocnt.i valL e xihkeillpiattyancel ¢ htesysctiem edtubiengpeed for
addi tgiroindali n vaensgtermeenrtasb c h g | wheelr feavrea -eiftf eicd i weest

To thahee@GALI tE@sprajshwestcataert of industrial f1l e
Bel giamghr o psobscet h 't ar gseytsetdesnmlroudttigomsr ov ac ttihwaft i on
industrial flexibility.

Asaf i r stt hset eGAL | L EeCs tpirnbahteecst e c hni c al potenti al of
Bel ganmpghr ovi des &t enmpdahieeng act off li enxdomsihBietag i um
energy .dysttehmehredd i ot tshgnitapambett meedreorleyt i cal
avai ltelwlhei calangottéreft datehitirueaxli bi t hay weedsneed to b
't Wwasnd ftlheaxplat entyal exists in Belgipemdodiicndans
procespendkenyt L exi bility Il evers are-feldrecashp)| yE€AF
(steel), process electrification below 500 AC (
centémnspeprvi ewed compuintibegel rdi ekisc aheduence & he abi
flexibility

The purpose of t hide ntdhedf iyovaarnrdibcorpss e butt imomsanl ock t h
existing flexibility potential

Chapt2eegvalesatchnol ogical, economic, bekbgui atoal,
i nformational ,-rahddtaerdnipbeatse nicnehg rbea @aditnhge of knowl e
t hei descal e aantdiusdtriian ChflBgtomisielgipteyotplospod suttimns

overcome t hesletshhdmepigdtrsde @empamyt er nal solutions, [
soluti ons, mar ket design sol uteisorrss,l uma roknest, ri onlfeos
awareness solutions, public support mechanism so
2Barriers for i1 ndustrial flexi

2. dlntroducti on

2. 1Balckground

INndustrialsftexmbhtel yp reach its fus$évebhmalori etrisc ¢
I n this chapterandaveprat meitpmpot eretnitalf ybarriers i ndu
empl oyi ngdiaf fsercaotri at #tteapproaeh analysis | ooks
sectors involved in the project to better under ¢
sectors and which barriers are more sector spec
whi chi eorasr rshoul d be prioritizediich whéabosblatteidon
Chap3er

2. 1IMe2t hod

The analysis in this chapter is pPeg@bemed in thr
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01

Compile overview Update overview Conduct sector-

of barriers to by gathering differentiated

industrial flexibility insights into barrier analysis

from literature company/sector and prioritization
specific barriers

Figure 2-1:0Overview of the method used for the analysis of barriers

Toidentify the reported bar rsiterruscttuc edndu dterriaalur
condu.ctTehde me tchoondtoadiongeyd t he f ol |l owing steps:

1.

Definition of scope anmder asaenarodh tdlej actvii vavs w
from | itechhniuag a&l, , economi c, regul atory, oper a

barriers preventing the full exploitation of
obj ecteitve n GWLI &BOnNti fy remaining technical,
regul atory, social barriersvahorciodhtim@geccutrher
and future f1l@Bi5Hhi st wapogentdeedaledy ithh eGAdD jJLEC
WP1 adentify remaining technical, operational

which hamper thevakeotiosfa @ttwe nc warnrde n't and fut
pot edjt3i53 |

.Design apprtdach f ort hceolnleeccetsisnagr y.Ounf apma toiaa

was bastehdceoowo-epntric |literature[ 88hwhaesprsopleye
to group the I|Iliterature based on central the
what specificabawt hoa sc esratgati me meo pabmd ewd s

i nvestwegraet ebdarri ers to industrial flexibility

organicea frhamewdrkn the categorizatig8@]fram
wher e barriers wetrec hgo o mg e d,i ntiend om omaitd ,o n,

behavi our al , coorngpaentiresdctaitneidad wacahegseri es.

.Dat abase and so.ulrhcee Isietleercattiuorne review -i s pri
reviewed academic research and technical conf
key methodol ogi cal and conceptual framewor ks

folsl:ow

T peagrevi gwaid nal f armiicd eshe core of the revi
t heir rel emameegar d t(©e .MoBt6H o) daojldofiggyme o f
i ndustxir bigllei.fgd &] ) [ 39]
technical congreowincdiemsg agedtsae .ign40g)ht[s4 1]
revi ew opfafpeerrisng a st rtuhcet urretldetveagnatit pydv 2 o f
[ 4)3]

= =4

.Keywo.urThhamaikreywords t hat wer eweudgendd usnt rtihael sfelae:

Obarri er srée s poodneseads ¢ nonyms of these words
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5.l nclusion and exthaobucerniotremii taaritnacclluedse df ocusi 1
obst atcol eisndust rsiialle ddmaudli il shgdndf peer 20e
or hgiuggh ity .| iSoperatusr g¢shodte | fyo cons erde siinddeunsttiralal o
sectoorr st hat were unrelated to energy system f
6.Screening andi skeescandnabstr,ewbéen Wweemedcrekace
the fullana¢dystebdwas otwhp, refer sredestwdar e

As shown gume i n a second step the barrier fra
compl emented by insights wathetédé indmswwor BbhGpA
This all owed f otrhldaiheethaas@deartsiiefn hofs e trheelpevardti cf o
Bel gian induisnhrital SAtt)hbEDndpreneice irmentl i teratur
practical eoveerhpeaemxyeri ences.

Next to updating the barrier overview, barriers
companies and iddustekxkefrcseetossthe third and fi

2.Barrier categorizati on

Based on |literature, we distinguiFsihg 2R ptr otvad Id essf s
a graphical overvi elvneofdetfiens & i mantse qaarei ggs .ven bel

Technological

@ Economic
L

Behavioural Organizational

Figure 2-2: Overview of barrier categories

Technol ogi aeal skeafrioer §i mitationanpgmodtwacthinor apr om
constthiant prevent the ef ffdoetxiivda liimpl g@mernvti astiioonn ©

Economi c claarirbidecarsn awed Xt eafEhaly |l am&kedf i nanci al cons
such as higlmnidny e sctoomeetnstng uncert aifn nraentawcrarms i vieismi
andi glper ati onal expenses, tphraotvihdiimdge rf | ceoxmpba nii et sy

Regul atorygr dalreg®lr-sahdt pdl obgtacles, including ¢
restrictivehirefedtae i opessl o wii mibtyiwart i prreesv e nt compa
fromoviding flexibility
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Organi zati omale bcaarursiemedresmyal i company smakethgr es,

processes, and mamwdgdé&ihennpr @pvhie®ir o ft ideue ftloe xciobmplet i
i nterest s, | ack of coordinati on, or resource all
Behawidbtar rdreeg sr el ay ehldo It g ipc al and cultural resi st
i ncl usdcienpgt,i ci slmuct ance to change, and preference
i mpedeortolvé si on. of flexibility

I nformati oematlablkrof eascess t o, understanding of,
dat a, mar ket signal s, and regulatory requiremen
i nformed dedilsixdms ldakkoutprovi si on

Compet-eerd madbaerdr iagres def ienfeidcieyncd es i n knowl edge,

wi t hin an organization t hat prevent t he ef f ec

managemdmhtexofppbrtwuni ties.

2. GQverview of barri ers

Fig@Bprovides an overview of the number of barri
collected fromilnitteeraaztturomsamwd tthhd he GALI LEO proj

20
17 A

15

124

10

Number of Barriers

‘\09\ \_oﬁ 06{\0 . Ooa\l . 0(\9\ .\0(6 o
@ox\c\c'\ ?\e@’\a e« \oxo“‘\a“ O‘gad\"'a“ x0 Go((\?e\e
Category
Figure 2-3: Numbers of barriers found per barrier category
I n total, more than eighty distinct barriers wer
lies in the technol gi cal and regulatory domai n:¢

o]
al so contain more than ten b airsraiteirosn ad a ¢c hb.e hlarv i @a
i

competreelcet ed categories contain fewer barriers.
It i's important to note that the number of i de
necessarily reflect its overallBsumpboasabedaoi oum
organi dantaiyorcaint ain fewer individhalghbgr sitewuwstub
croswstting in nature. Conversely, categories Wwi
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technol ogical) may stil!l be more straightforward
thus reflects the diversity of issues Wwhitdiins a
exactly where the interviews and waomkdmomateontad
and priordutitsiengrimasrsriers regardless of raw coun

I n what foldewsyri we twhel di fferent b asrtrrivuedrtsur mper
overview ofand er ebfaad relress T a bxrlgt aGianb 2-7%
2. 3Tl,elchnol ogi cal barriers

We have 026G edyvffkecrhennotl ogi.caTheamaw rbieercsat egori zed
di stinct groups based on their ocomsthraiimtter nal

T I'nternal technol osgtiecm | dicroencsttiryai mtem wi t hin i
including potenti al di sruptions in producti ol
storage), complexity arising from interconnec
equi pment weatri,ngamd ondailicrit agiumal i ty standards.

T External tecbomo®tl orgdfoeears t o challenges outside
such as restrictions imposed by inadequate el
congestion or i nsuffi-celeatedcalparciitgns, anidnc

i mpl ement ati on campltegxivtuyl,nedatbha | $¢d¢ es, [ i mit
interoperability issues.

Figadmpresents an &wetyechewl ofgitctaép rboaavirderisndustri ¢
A detailed explanation for every bparorviiedrgdliencl ud
2-1.In the,fobglbyethe main Spawer ibaca nembsas dihoiwdnieedr | nt C
su-barr,i ewhsroeh s c ufswssretdheirn e wnabl e.

T1. Technical risk of disruption of production rechnologieal TS. High IT requirements

process @

T2. Technically infeasible to reduce -r_‘{-‘ £ T6. Lack of IT prerequisitesin the
peak load company
BARRIERS
T3. Risk of lower product quality T7. Lack of standardization of IT systems
T4. Equipment wear T8. Seasonal changes in energy profile

Figure 2-4: Overview of technological barriers

Table 2-1: Structured overview of technological barriers

An intervention in the

mi ght be considered to
operators and companiejyrgzg], |
could consist of an intra0], |
process or a deviation|[i42], |
Technical |power conshenpeiadatidns |[45], |
T1 di sruptionfintroduce instability [47], |
producti ofgProcesses, especially [49], |
technol ogi es (e.g.—r,esapuo1[51]l [
systems, external ®©asel[53],6 |
optimization tools) ard¢[s55], |

beeny fueadted in the spe

I n addition, these int

ability of operators t
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process issues, becaus
l onger follow the stan
alarm fl owsal |l Eldi § ose o0
troubl eshooting abilit)\
root causes, delays co
i ncreases operational
Certain industrial pro
unable to flexibly adj [ 38] [
. due to intrinsic operaf
Technicall . . [ 45] [
. ; constraints include a
T2 infeasi bl g . ; [ 56] [
capacity, the necessit)
peak load ) oo [ 58] [
opti mal operdatiogs, an [ 60] [
process responsiveness
requirements
I f the existing capaci
Productiorit can be difficult to
T2.1 | ; : production capacity may[ 61]
i mitation .
allow for flexible pro
the time [ ost during t
Suf f isctiormatge c apeaec inteye dm
upstream (when product
T2 2 Sto_rage_cetempora_rlly decrgased) [ 61]
l'imitatiornfproduction capacity 1is
the industrial process
be both physical or el
I f providing flexibiliHt
T2 3 Spacg product|on and/ or s_tor [ 61]
requiremernhindered by space | i mit
increasing this capaci!
I nterconnected product
flexibility provision
T2. 4 Up/Downstrstep can negatively imj[61]
process cd
subsequent processes,
synchronized operation
Providing additional f
Existing gRXPANGINY or tntensiiy,
T2.5|grid is al r- 9 P i162]
el ectrical |l oad i f the
congested |.
infrastructure is alre
maxi mum capacity
Companies willing to p
electrification or <cap
. barrier if the necessa
Constralntnot et been developed
T2.6 |upgrade gr y el g [ 62]
capacity expansions or upgrades
time to materiraleinzae r ed
preventing the company]
flexibility markets.
The process i smadjof gcro n
Compl exitymanufacturer cannot gu
2.7 industrialfunctioning of the insi[62]
conditions (e.g., mor e
Ri sk of | dBy creating variations 38
T3 product gqy(e.g., duration of a p E44} {
a risk of | ower produciH
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of t en

very importani

keeping production pro
Mor e uent and/ or m
. ramping f production
T4 Equi pment damage chinery and a
wear .
| mpl ement i wespeomasred me a
requires sophisticated
high speed, accurac
Companies face strict 38]
High I T especially when provid
T5 . ) 52]
requiremernnecessitate reli &d@bleoff 66 ]
rapidly processditmngneexta
eams. Additionally,
age potential disru
ensure production c
Devel oping, deploying,
infrastructure for fle
involves considerabl e
compl exity Compani es '[38] [
Hi g h effor_thelr existing produ_ct [45] [
. integrate new ©odtmmowhisg
T5. compl exi ty . . [51], [
the 1T SyScreate custo_mlzed inte [69] [
seamlessly with extern [ 71] [
aggregator s. The exten ’
combined wi4thmetprotces
constraints, further i
cost
To be able to provide f
to also be able to pro
Lack of data. They may | ack t he¢ 38]
T5. computatidqfor the optimi-zaspoms o { 43]
capacity measures and it can be
the required ampammiuttyatat
acceptable cost.
Prope handling of sen
facto in an | T system[38] [
instance, maagpdemandr [42]’ [
rﬁqui einteLfacesto [56]’ [
Therefore, these exter '
TS5, I'T and datsyste itsehferablledtibe E;g% {
ni pulation or attack[78]’ [
mpany, dat a describir[so]’
nsi ive, as it may c
amoun of product orde
Many ndustrial compani|f3g], |
their existing I T syst¢ra3z], |
infrastructure, which [ 73], [
flexibility provision. |[78], |
Lack of 17} ack ul ly automated ilf[g2]. |
T6 prerequl Silwith tleens , synakiime rceal| gg] [
appropriatcoordination difficultliges]. |
infrastrud analysis tools may[gg]: [
required to assess or [90], |
measur es I'n addition, |[59], |
communication technolo¢ig1], |
umavailable or insuffic
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i ncludes
bandwi dt
absence

h
o f
equi pment

metering

i nfr

or signaling
s t-b8 hdhaa Idfi z e
to meet the

advanced -rdeesnpponnds e part i
result, companies must
customi zed and costly
complicating the busin
The absence of common [ 381, |
hardware, software, an¢[ 48], |
Lack of protocols forces compal[57], |
T7 standardi Zmade solutions. This al[ 73], |
interopergas systems from differ¢[ 771, [
systems integrate smoothiyg.bAsn[92], |
hinders smooth informai{[94], [
flexibility in partner |[66], |
Seasonal changes in en
Ts _Seasonal char_der t o partlc!pate [62]
in energy |available flexibility
month to another.
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2. 3Ec2onomic barriers
We have identified multiple economic barriers t
i ndustrial flexibility. These econo(nmi)c Ifnascutfofrisci
financi al incentives and revenue ri sks: i n many
production cost s; expected returns -maokef | pri bk

spreads are narrow,; sperrovfiictea bmalrikteyt si nh aasn cdielcllairnye d
remain uncertainlduwme tros&kgt ibawasteilom/evand settl eme
existing supply cont rdecltisy, erayn dp enxglotsiueg . t(oi in)onl n\

cost burdens: flexibility often requires high up
access to capital (particularly for SMEs); addi
coordinating and executing activations; extended
with production targets and delivery obligations
Figabgi ves a graphical overview of the economic
A detailed explanation for every barrTa&b22incl ud
I n the figure, only the main barriers are shown.
intobawuwbi ers. These are discussed further down i

E1. Share of overall power cost too small within

E6. Additional operating costs
total production costs

due to demand-response measures

E2. Greater economic appeal of alternative S
measures to optimize power costs 0o,

E7. Cost savings too far in the future

E3. Lack of revenues through the provision
of flexibility ol

— = E8. Potential risk on production target values
E4. Costly flexibility investments necessary o) =

E9. Necessary hedging against non-availability of
contractually reserved load for flexibility provision

Figure 2-5: Overview of economic barriers

BARRIERS

Table 2-2: Structured overview of economic barriers

When the shaemreropysbsger al
g:::ce Otf too\'wiﬂhhen total pradpatmies |[[ 38], [53
E1l : PIs ldo not even consider i mp|[88], [ 96
within tot g ) .
produasi onher production|[ 98]
costs DR . .
initiatives are relative
Greater ecqlf alternative measures
appeal of dcan r edwepysts more subs
E2 SO . [ 38]
measures tqthe provision of flexibi
enercgpyst s those measures.
[38], [40
. [48], [50
laek @ re\'When'the potenti al reven[54]’ [ 68
flexibility markets are
E3 through t he . . [ 751, [ 77
: . Jtypically show | ow int-er
ek flexlbllres onse capabilities o, (e
P P [92], [93
[99], [10
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Cost savings from flexib
Enercgoyst sajoften minimal relative t{[38], [39
E3. 1t hrough fl grequired to i mplement an[80], [ 81
provision gmeasures, making the fin[86], [99
appeal ing.
Limited price difference
. peak periods on spot mar|[38], [49
E3.2r|:];'r'slzp:rtesadtsocsavings for companies puf[81], [ 91
dynamically, diminishingl[102]
of demasgonse
Ancill ary service mar ket
thei rt elromg evenue potent
for industrial flexibild.i
segments (e.g. FCR) have
profitability in mauruirfeo
trend across all service
integration of balancing
| evel (e.g. through PI CA
Uncerpraoifni t|i s expected to harmoni zel[ 38], [49
E3.3in ancillarfincrease |liquidity, whic[80], [10
mar ket s presrse on prices over til[105]
effect of these refor ms,
changes in system needs,
technologies (e.g. batte
designs, is still diffic
companies face avbhsgmede
uncertainty: the cuitremt
revenue expectations is
to engaging in ancillary
I nitial |nvestme_r1ts reqp[ss], [ 39
such as modernizing equi
Costly fleXproduction capacity, ©6e [42], [ 43
) ) ) ; , [51], [53
E 4 investment greinforcing the sit,e asree[75] [ 81
necessary significant and often Ie[84]’ [ 99
alternative investments [1OGi
i mprovements
Substanti al upfront inve{gi}’ {gg
Hi . such as automated contro ’
igh I T iny [ 761, [ 80
E4. 1 communication interfaces
necessary : ) . [85], [ 95
mo st S|gn|f|cant—epraarbtllon‘[106] [ 1
I nvest ment cost s. [108] , [ 1
Companies often | ack the
Lack of acqcapibtoatlh (i ane&r extl etron arle a | [ 38] [ 39
E 5 external anneeded i nvFeosrt nsemmatlsl. esri(te[53]'
capital companies, in particular
may be too high compared
Providing flexibility ca
such as maintenance cost
transaction costs and coll38], [ 39
Additional |integrationespodemapdocell 42], [52
E6 costs due -tfexisting systems of a col54], [63
response mgdemandsponse measures ma [ 751, [81
expenditures onsmfeed;wlninre[106]' [ 1
production and increasedl[109], [1
shifts, weekends or holi
companies involve extern
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contribute expertise in
companies stildl need per
service provider.
: Provision of flexibility
E7 .COSt SaV'nglong Aran.result, the pa[38]’ [ 39
in the fut . . [ 771, [ 85
too |l ong, making invest n
Flexibility measures ris
. producttitbpen set praducdied
otent|fal fcommi t ments. Companies m[38], [39
ES8 producti on ; ) . .
engage in flexibility ac[80], [99
val ues . )
with agreed delivery sch
risks of breaching suppl
Necessary
against nonCompanies face financi al
Eg availabilitflexibility when contrac/[38], [ 883
contractuallcostly hedging strategiel[91]
|l oad for fllmanage the risk of contr
provision
2. 3Re3gul atory barriers
When it comes to regulatory barriers, a compl e
framework makes it difficult for companies to na
Sever al |l ayers of energy and climate | egislation
Bel gian industries operate. At EU |l evel, direct
2019/ 944, the Energy Efficiency Dlimaedwredtivieal( EDg a l.
the overarching framework for flexibility and en
or complicated by national and regional i mpl emen
reforms or capacity remuneration rul es.
Several tensions emerge from this conmphlielxe Itahyeer
El ectricity Directive (-EiUs)c r2iOnli9n/addodr ymaangdgarteegsa t n a
dynami c price entitl ement for customer s wi t h
prequalification/ mglteesdadc g Dirsutlreisbuandmata®ygessem (
rangements can in pract-i bcreetdeal aiyndarstex all udd e

ar
aFRR/ mFRR participation. Finally, thd AEner. gy Rfnfd
11
ca
ef

) el&mnat gy Eff dchleingcayt iFoinrss;t companies report t

n conflict in operation with certain DR strate

fi dbestcy framed a9féd pathey thadea | egal i ncomj
InconS|stent grid fee stvarcitables,ell@actkr iofi agcpsis
prequalification requirements for participation
Addltlonally, frequent clheaaandetso i mn ecaretrgiyn-trye, g ud ias
term investment in flexibility.
Fi ga6egi ves a gr aphi crad g wivedrrosriiyew so ft ot lpeg ovi di ng i n
A detailed explanation for every bparorviiedrgd liencl ud
2-3.1ln the figure, only t 8emenabh anr rbiaerrsi eccran abree fsuhrotv
subarr,i emtmreech di scussed further down in the table
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R1. Complex regulatory framework
R2. Restrictive regulatory framework

R3. Contradictory legal incentive

R4. Distortion of the market signal by
levies or fixed prices

R5. Conflicts with grid fee regulations

BARRIERS

Figure 2-6: Overview of regulatory barriers

Table 2-3: Structured overview of regulatory barriers

@;(ullmw
%

R8. DR not covered by legal framework for
privacy and data security issues

R9. Lack of harmonization in
the regulatory framework

R10. Globally heterogeneous legislation

R11. Lack of sufficient financial
public funding

The regulatory framewor k
mul tipl®&@EUayrasional dl ead
to complexity in terms of
participation procedures,
For instance, whidl ¢ ADitr.e cl
mandat edi ;n@rmi mi nat ory accé
aggregator s, Bel gi um | ack
model s between aggregator
unclear Iliabilities and c
I n addition, -dtéderepedrtr am
nofii rm grid access (Regul
and Closed Distribution S
remain only partially int
R1 Sgg‘ﬁ::?or scheme_s, comp_licating -nh e {33} {
frameworkmeter i ndustrial assets. [111]"
I n addition, flexibility
hi gher rated capacity oft
someti mes spati al )anmerdmen
procedures. | n Belgium th
systems and may include E
Amektiype projects (Direct
amended by 2014/52/EU), p
where applicable (e.g. MiC
50 MWth and | ED 2010/ 75/ E
combustion) . Thhaesseed tthrriegsghe
mu tsttiep peecéedtr o-dume &erdd
outcome uncertainty that
depl oyment aofsdtlsexi bility
Certaint lpreehtienrd f 1l exi bi |l ity
those | ocated within CIlos
(CDS) or private grids, all38], |
Restricti|from ancillary service mall 431, [
R 2 regul ator |explicit legal prohiveei tioll31], I
framewor k|pPrequalification requirem[65]’ [
and unclear role definiti|[100],
to prowiidme rmatleri ng dat a [113]
public DSO, or the absenc
pathways within Cbh@&yvemnan
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part i cdidpeastpiidlne vEeU
nodi scriminatory

provisid
mar ket a

response.
I't is difficult f orvacroingbal
electricity prices, e.g.,|[38], |
R 2 ],I[".aCk c.)f aeneFog1ny mar ket s. For trad][54], [
. i meari abl .
el ectrici enerogiy y markets |ike the |[74], |
usually need a brokerh ftchre [ 81], [
al so comes with a cost).
Participation in ancillar
High cost|costly and complex prequal[38], |
R2. 4effort fo|whereby companies must pr|[80], [
prequaliflupfront Al t hough simplif|[]114]
current administrative bu
[41], [
[ 50], [
[54] ., [
[60], [
Certain market design cha|[67], |
R 2 JFl exibili|response time requirement|[80], |
"Jdesign reduce the suitability an|[85], |
processes for flexibility|[102],
[105],
[110],
[116],
[ 118]
Certain EU and national p
practice, forcing cofmpani
bet ween compliance pathwa
For example, Regul ation (
states that network tarif
demand response, yet -bhas®
di stribution tariff dpienncallu
those caused by fleandieg
mar ket &tboal ander mi ni ng
R3 I(:zg;:]?:ji,g participate in DR markets [38]
Anot her case is the tensi
Efficiency Direcwhiveh (Rro@n
continuous optimisation a
via | SO 50001 andd &b totbd
Electricity Directive (20
s htiifng and demand variabi l
flexibility markets may r
from efficient operating
efficiency targets, cert.i
voluntary energy policy a
_ _ [38] ., [
Distortio F!xed l evies and_charges [51], [
Ket si signal s, preventing compal|[59]., I
R4 Imar_ sef)yéneration capacity, fr¢[80], |
evies or ; ;
prices dynamlp or negative mar ke|[ 95], [
under mines incentives for|[114],
[1109],
Conflicts|Companies seeking grid fe [38], |
RS fee regul |l oad management risk | osi [ 98]
participating in addition
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their registered peak | oa
incentives

Flexibility measures may
from opti mal operating p-o
term energy efficiency. T
regul atory or certified e
including those unaéern omat
EU Energy Efficiency Dire

Prioritiz|requirements, annual savi|[38], |
R 6 energy ef|standards | iRa&rtliSOi pat0iodg |[ 9D% 4],
measures response often requires d|[68], |
operating points, wharethem
efficiency. This can jeop
bindingekthieciggncy targets
agreements (e.g., Energy
potentially resulting in
reputational ri sks.
When companies participat
reserving flexible capaci
they are |l egally obligate
flexibility when activate
Penal ties in the mar ket desigmamawen[ 38], |
. : established by the TSO an|[65], |

R7 providing

flexibili regu!a_to_r I f the company|[91], |
flexibility, penalhfesemachk|{[ 115],
voluntary contractual pen
compliance measuresaembad
mar ket regulation (e.g. i
contractual c¢cl awbacks, or

IDR not €9 current DR regul ations in

egal fra d dat rit n rn 38
R 8 for privaan ata secur y conce [ 1. [
data secu responS|_b|I|t|gs reg_ardln [ 801, [
) interactions with third p
i ssues
Whil e DR is supported by
into existing energy marKk
Lack of those around BRP obligat:i
h : : [38], [
armoni zali ncompl et e. For exampl e,
R9 : [ 7471, |
the regul |fully harmoni sed f hawmewor [91]
framewor k|i ndependent aggregat o-BRPS§
particularly regarding vo
responsibility, and dat a
Di fferences in national i

Gl obally |l egi sl ation across Europe|[38], [

R10 |heterogenjadministrative burdens, a|[52], |

|l egislati|globally operating compan|[91], [
participation
I ndustri al participation
Il i mited by the |l ack of ta
both investment and innov
Lack of s|jpnvestment support scheme|[57] [

Ril financial|subsidies) for endasulcihn@si |[112]

funding advanced metering, proceés '
are often unavailable or
On the other hand, innova
funding (e.g. via Horizon
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agencies, or ETF) may not
or may exclude certain se
Regul ativ Regulatpry oblig_ations co
R12 Specificaschedullng compl!cate com[el]
personnel spontaneously adj.uts'['WOfk
response to flexibility r
Frequent policy changes d
R13 Chgnging create r_egulatory uncgrt_a [ 62]
climate |l oigrm i nvest ment deci sio
in demasgdonse activities.
2. 3Qr4gani zational barriers
We have observed various organizational barri el
emerge from multiple |l ayers and parts of an o
overarching aspects such as corporatedowrnibao, n
detailed operat-iemal bactobess Hhghude | i mited t
energy management by top management o mateoumal gL
projects, and i nsufficient fdmitleiglriattyi owmbjodcts we!
organi zational mi ssi on. On a more detailed ope
compakegy PerformanclkP)l]imacirecatserds wor kl oads and C
empl oyees, c o mpimakathgd pdeciesis®rs i nvolving mul t
energy procurement policies.
Figu?-r?gives a graphicaelr gawne rska@ 8 winefs tthe provi din
flexibility. A detailed explanation f oprr cewiedreyd b a
i Tab?24I n the figure, only thSemmabarbbersecanabe
di vi ded-biantsg eswwvtabe hdi scussed further down in the

01. Additional workload/general restrictions oo Fower IO e Do He ot comban
with respect to employees 5 p policy pany
02. Internal guidelines regarding LS 07. Relevant decision maker does not have

the duration of projects 00, enough power within the organization

=3

08. Multiple decision makers involved

BARRIERS
03. Lack of importance of sustainability T

04. Low priority of energy management and 09. Necessity/dependence on
corresponding investments at top management =) external service providers

_ O rzanmn_

Figure 2-7: Overview of organizational barriers

Table 2-4: Structured overview of organizational barriers

I ntroducing flexibility

operational workIload du

Additional monitoring tasks, manua
O1 empl oyee reProcedures, or adjustmell38], I
restrictionmaintenance routines. T[81], I

additional wor ktfh e wesxids

wor k organisation, avai

qualification | evel of
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may face -emphbogdecomncshr

collective | abour agree
requirements, fixed shi
rulwlsi ch can | imit the
operational changes at

outside of nor mlamn aved ikt
companies may dfatcatempl

const rsalicrht sas col |l ecti ve
mini mum staffing requir
pl anning, or jwhtiecrhn acla nH
ability to I mplement op
notice, especially outs
hour s
I'n many companies, inte
investment gui detl @6 nmea-dif
term projects (typicall
predictable outcomes. T
are often shaped by str
I nternal gugovernance siskcaueesio
02 regarding t|{deci-maknng committees. [ 38]
of projects|lby contrast, may involyv
(@2 years) and greater
clash with internal pro
result in the rejpacbifon
i nitidartd ggeersdl ess of the
|l otg@grm potenti al
Al t hough i ndustri al fle
sustainability objectiyv
Sustainabil gr eat ero nssaulnfp t i-soint eo fr eonne
rarel deci generation, reducing pe[38] [
03 f|eXi)t;I|it integration of variable[losj
decisions Yltheseilhasnaf e of t ethne rinm,d i
sys tleenv e | in nature. As
weight in internal i nve
tend to pr-termtesenembc
;g‘r’]"ap;'mg;'ttmexibuity investments|/[38], I
04 corrgs ondi executive |l evel, especi|[ 53], [
|nvestPnentsperceive technical or f|[81], [
management potenti al benefits. [ 110]
Deci gna&kers (e.g., plant
Icgcmlpﬁgg Kzlrincentive to support fI
05 and benePi,[performance metrics (KP[ 62]
industrial i mpacted by temporary p
di sruptions.
Centralized corporate e
Ener rOCurerIimi-te\siséteincentives an
06 Olipgy of gparticipate in flexibil|[38], [
P y may | ack direct economi
deci-makinng.
Even when companies ack
Limited orglof flexibility, the emp
o7 influence o/with exploring it often|[38], [
advocates strategic vi-depatimgnta
move initiatives forwar
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Mul ti | e deInvolvement of multiple
Maker e inygdecimhbers in flexibili
08 d ; ; compl ex, prolonged-ma&mnad [ 38], |
ecision pr ;
. processes, potentially
projects ! !
i mpl ementation.
Companies often rely on
providers or aggregator
solutions, particularly
systems, and mar ket acc
unlock initial flexibil
Dependency dependence _O(mV|a,da<5rpaglaI
using propr-ietargperahb
external se . : .
. can | i mit f utEwxraempd ceasp ti &
09 providers c| . . . ; . [ 38]
. di fficulties in integra
strategic f . . .
switching mar ket partic
devel opment . .
bal ancing to capacht yggm
services across multipl
Mor eover, strong outsou
knowl edge devel opment ,
ability t identify or
opportunities in the fu
Many industri al process
advance notice period t
schedul es, coordinate s
technical systems for a
4o signals (e.g price spi
010 Advamm&tcmereceived'[tooattieceaileo,secompar[61]
be unable to respond, n
unwillingness or | ack o
operational l ead ti me i
production safely or ef
2. 3Bebhawiad barriers
We have identified various behaviour al barriers
relate to the perception and behaviour of t wo
(employees) and external stakeholders (gener al p

M1 For i nternal stakehol der s, empl oyees often e
new flexible work processes due to insuffici
concerns about i nconvenience, habitual att e
scepttowamds fully automated solutions.

T Externally, publ i c perception and oppositio
particularly when flexibility measures invol
concerns over perceived nuisances among | ocal

Fi gwBgi ves a graphi cabehoavveitpairread en$ tbeprovidin
flexibility. A detailed explanation f oprr cewiedreyd b a
i Tab?2=2In the figure, only thSemmabar baersecanabe
di vi ded-biamtr,o0 eslmbceh di scussed further down in the
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B1. Lack of acceptance amongst
employees b B4. Perceived inconvenience
7y of flexibility provision

B2. Lack of acceptance amongst
the general public

B3. Skepticism towards fully ) B5. Third party control
automated interfaces Rt ry

BARRIERS

Figure 2-8: Overview of behavioural barriers

Table 2-5: Structured overview of behavioural barriers

Empl oyees may resi st
measures due to i ns\y
communication about
B1 Lack of accelscepttowamds externg[38], |[5
amongst empl|{involved. Additional[106], |
perceive new process¢s
potenti al mal funct i g
di sruptions.
Lack of acce_I_ocal res!dents may
installations rel at g
B 2 amongst the . . ) 1[0 62]
; citing perceived nui
publ ic : .
odors, or visual di s
Companies are often
automate flexibility[43], [ 5
B3 Sceptitowamds/perceiving significg[74], [ 7
aut omated inThey prederomamed sqg[ 86], [ 1
retaining human overn[ 121]
contr ol over criticaég
Manag_ement and gm_plc[ssl, [ 4
percei ve erX|b|I|ty[53] [ 7
. . i nconvenient due to '
B4 Perceived in . [ 81], [ 8
. established workfl o
of DR provis . 11921, [9
core production ObjE[105] [
resistance rooted ir[120], [
ingrained habits ’
Participation in fl €
create employee and
concerns about depenr
B 5 Third party aut omated signals (€[ 61]
operators), fearing
di sruptions, i ncorr €
i ncreased equi pment
2. 3l.n6f or mati onal barriers
I nformati onal barriers extend to multiple areas.
flexibility opportunities and are unaware of th
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nformation asymmetry in energy markets, uncert :
ack of standardi zed met hods for calculating

I
I
participation challenging. Hi gh cost st laeid detcenrt
companies from adopting flexibility measures
FigwkOegives a graphi cailnfowemrdmaireowm &drfs tthoe provi di n
flexibility. A detailed explanation f oprr cewiedceyd b a
i Tab2&Il n the figure, only thSemmaibar bbersecanabe
di vi ded-biamtr,o0 eghsibceh di scussed further down in the
I11. Lack of transparency and asymmetry of I5. Lack of standardized baseline calculations for
information demand response in flexibility market

{a}

16. Technological measures for implementing

12. Uncertainty regarding financial HOH ] flexibility through

UL ] demand response unknown
BARRIERS

13. Uncertainty about future regulations and g 17. Costly and uncertain

legislative developments flexibility project analysis

14. Lack of information regarding electrical circuits 18. Unawareness among industrials

Figure 2-9: Overview of informational barriers

Table 2-6: Structured overview of informational barriers

I ndustrial actors often f a
detailed information neede
about participation in fle
aggregators typically have

prices, activatiinoins altoigoinc ,al

companies ar l eft with |
k of their flexibility is value
nspar{why they are (not di spatc
asymasymmetry can reduce trust
i nforflengagemenver Moflkexibility
TSOs often do -miome pab-l Dekiv
ice signals, and offer |
terns, which complicate
ategies. These transpar
adwvwantoag i ndustrial acto
ive participation.
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l egi sl at

change is a mthioeenrearlg yp asryts toefn

devel opmcompanies often | ack acces
consistent information abo
on what timeline, and with
This uncertainty complicat
del ay investmenablnngl egch
especially when future par
aFRR, CRM, or |l ocal flexib
under revision.
Even when a regulatory fra
often struggle to interpre
processes or assets, espec
flexibility mechanisms tha
Uncl ear and regul atory dicasresi o d.
interprelgenuinely ambiguous or nov
| egi sl at|laggregation, CDS access, o0
ot hers, comphnuses |lag&kl iexpg
to energy regulation, forc
|l egal rasadviwha ch increases ¢
deci si ons.
Wi & b el Companies often face uncer|[ 50]
regardin )
all ocatio of roles and re|[ 74]
all ocati . .
and mar ket actor s, compl|cat|n [ 92]
fesponsi progr ams nd delaying proj|[95]
Lack of
informat|lncomplete documentation o
regardinlfinfrastructure, particular
el ectriclassessment of feasnadblliing i
circuits
No infor
) I ncompl ete knowledge about
regardin . . : . )
: specifications of existing
el ectric . . )
feasibility assessments of
pl acemen . .
required for enabling fl ex
types of
Ol der el ectrical circuits
Lack o . : . . .
equi pment , making it diffi
el ectric . .
met e n performance. This data is
9potential for flexibility
Lael Of The absence of standardi ze L od]
standard ; [ 717,
. calculate basedriesponcer mea
baseline . : . [ 104]
|l eads to inaccuracies in c¢
calaml &t and attractiveness of DR [ 1L7]
DR mar k e P [ 118]
Unfamili|Companies often | ack knowl
wi t h technical solutions dfespiom [ 38]
technol oforcing them into costly e 45]
solutionsubstanti al internal train
|Due to | imited markettran[38] [
Evaluati|of standardised valuation [ 24] [
DR projepotential of demand respon [52] [
compl ex, customi sedhased namaloyses. 7[56] [
and resoltend tocbestmmeg, aenxdp eunnscievr
intensiv i : [ 80] [
especially whe# eagms ecinrogni [ 85] [
across multiple energy mar
verabl e D:

B
=
U1 o




companies hesitate to inve|[105],
analytical effort becomes [122]
Limited awareness among i n
Unawar en . )
regarding the potential, b
| 8 among . . . Sl 124]
: i mpl ementatiomrspondemandni
i ndustri ) : )
reduces participation and
2. 3Coimpet-eatated barriers
Companies often |l ack internal expertise in DR ir
and flexibility potential within their own opera
process' flexibility hindersof thR Jd@mppeartti dnictaite .n
al so rely on external ¢ onshuolutsaen tcsa pdaubei |tiot itehse, aibns

and dependency .on third parties
Fi gwflddgi ves a graphi cat onpvetrremilcost serdrf i etrhse t o pr o\

industrial flexibility. A detailed explanation f
provi ded2-£l n the figure, only t Is@emenalbh ar rhiagmrs ec &r
further di vohiadrerd evmwsireh sluls cussed further down i n t

- C3. Lack of knowledge about
C1. Lack of (internal) resources (:U the production process and
& existing flexibility potential

BARRIERS

s ) C4. Lack of knowledge about
= energy markets and
=f the potential of flexibility and

demand response

C2. Employees lack needed skills

Figure 2-10: Overview of competence-related barriers

Table 2-7: Structured overview of competence-related barriers

Companies frequently | ac
c1 Lack of i|personnel, time, or budg|[38], [43
resources|with flexibility project|[54]
external partners or pos
Empl oyees often | ack the{ig%’ {‘3“91
co Empl oyees|operational expertise re '
o T [ 53], [54
needed sk|flexibility measures, re[78] [ 86
experts or additional |n[121]
Lack of k|{Companies often | ack det
about thelown production processes
c3 productio|flexibility potential. HKH[38], [44
process a|frequently prioritize-pr|i[81], [ 86
existing related data, | imiting a
potential |i mpl ementeaxii minl iotfy frheasu
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Many companies Jhaal es knfg
of how energy markets fu
response is valued acros
(e.g. balancing, capacit|[38], |[43
Lack of k|regulatory frameworks sh[53], [ 77
ca about enefconditions. Ewahn wheémreng[ 81], [ 82
mar kets alavailable (see 118), comp[93], [96
potential|to interpret, apply, or [112], [ 1
unfamiliarity with marke][ 121]
contractual mechani sms.
prevents compatwiaeg ffdemi
potential or assessing r
2.3Qv8rarching insights
The analysis of barriers to industrial flexibild@
to understand where the key challenges |ie. The
and technological barriers doemiemraifged-ttehbeat adamec
summari ses our |l iterature scan by counting how
across the reviewed references. The bars reflect
severity of barriers.

C4. Lack of knowledge about energy markets and the |
potential of flexibility and demand response

16. Costly and uncertain flexibility project analysis - 15

T7. Lack of standardization of IT systems 14

R4. Distortion of the market signal by levies or fixed 14
prices

15

0 2 5 7 10 12

20

E3. Lack of revenues through the provision of 21
flexibility
T1. Technical risk of disruption of production process 18
T6. Lack of IT prerequisites in the company 18
E4. Costly flexibility investments necessary 16
E6. Additional operating costs due to demand-response 16
measures
B4. Perceived inconvenience of DR provision 16
16
1|7

Citation Count

Figure 2-11: Ten most cited barriers overall. Each barrier category is indicated by a unique
colour.
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economic barriers primarily revolve around
strial flexibility participation (E3), t he

nd additional operati-mgs gemspar taiscsiogad tait end
indings underscore the fundament al chall
I it as inancially attractive under curr
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eepi ve into company and sector
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e the previous section was a more gener al C
sses n the specific barriers to industri al
i content of thisistetaoni oss bwisteld tom
S rtners where they were asked about
a i fic industri al sector, in the prov
[ ehet ale baervieew faced by adlilvetshe ¢
rate companies and sectors. After t
usions related to barrier relevance
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a
c
g
a

O

l'iterature provides a strong foundation
iences from company interactions reveftédadc
raints were widely emphasized rbegs ecnotnepdanii re
mi ¢c sources. This discrepancy suggests that
perational aspects while underestimating th

o O 5T —
o n o —

=

actice, companies highlighted technological
culties with grid expansi on. These issues
cipation, as companies magl betphygbstgadbwand
are otherwise willing. Additionally, regul
ctions add another |l ayer of hesitati on, as
arrangements pmemaekingomphoimedfdeci si ons.
her compound these problems, as companies fr
equate knowledge of existing electrical Circ
mi zi ngl itthye ipro tfel netxiiabli.

0]

2. 4Gelner al overview of barriers

gefLdgrovides a geanfertaHe owwembvdrewof ti mes a speci
specific company/ sector.
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Number of Citations

Industrial Sector
Iron and steel

Commercial
Non-ferrous metals
Chemicals

Food

Figure 2-12: Number of times specific barriers were cited by the different companies,
extrapolated to sector level

Viewing the cited barriers by the GALILEO compa

barriers reported in the |l iteratur e. Yet , di f f e
practice. The leimpéeraastiacrdee vt eeln diss stwoes of mar ket de
and infrastructure, whereas companies highlight
they encounter in implementation.

Overlap is <cleasalfioencevierams . higBhonomic barrier
literatur e, such as high investment needs and u|l
appear as <critical i n company i nepcuutr. oLni klkeomils es i
notably the complexity of the framework and rest
A difference in emphasisbaseckcqualntys vfiedé bbd emonrne
aspect s, whil e company-arnedp efretvsenl f oi rsesgurecsu, n df oprl aenxta
internal skills and misaligned pesbmemaneens me thrs
receive substantial attention in publications do
case in point is C4 (knowledge of energy marke
di scussed academically, buthop Bbfoen byetebhdbuwe
concerns captured under the technological cl ust
prerequisites in T2.1 to T2.7 and T6).

The sector col ohirg@ilie&sthmriwlsutdiisrn iinrt profil es. T h
(orange) spans the broadest range of barriers,;
domi nat e, al | six other categories are represen
commer ci al s ecst ccron{pdaarrakt ibvieuley) sipar se and domi nat €
t hat l'imit the availability of flexibility. Amo
strong economic barriers with nbéemabbdbesomgaai sase
l ed by informational and organisational barrier
across technol ogical, economi c, and regul atory
perceived bottlenecks are sector specific.
Finally, whil e some barriers are clearly specif]
across sect2o.r2wi | 3e odteitcani | t hese commonal ities ani
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2. 4Se2ct or al overview of barriers

I n this section, we delve deeper into the barrie
i dent i fsypesceicftiocr i nsi ghts. The identified barrier
GALI LEO partner companies and, arefloéctai mg gmé gl p
these companies have encountered. During discuss
are interlinked across different categories, m
simultaneously have tedcihmendoigorta.l Bmhadr eftome mieac
has been assignedi taalsiecitzoead|i nwhilka&c khdtway s bei n
brackets) to one or more gener al barriers identi
For each sector, a graphical overview of the bar
fishbone diagram. This is a causal diagram that
in this case, the causes or barriers to industr.i
Finally, given the practical f duwdareidonnofeahi o0
di scudwieoms so provide an interpretation of how
broader |l evel. We assess to what adxtdento thesenin
and highlight key considerations when doing so.
2. 4. Chelmi cal sector

Figwkildpresentts shhene diagram for the barriers t
chemical sector.

Regulatory Technological

Ch9. Digital data security and management
Ch8. Additional compliance investments
Ch7. No automation of companents

Ch6. Limits of generator characteristics

Chb. Technology too complex

Ch4. No assurances from manufacturer

Ch3. Connection and cable limitations

Ch2. Insufficient buffering
ars for decrease in product quality

incentives for flex provision
mplex Ch15. Other advantages are more important

Ch14. Subsidy schemes difficult to apply
Ch13. Complex contractual grid obligations Ch1.

Ch189. Proposed project tol

Ch18. Unwillingness of plant managers

No Industrial

Flexibility

Ch20. Insufficient knowledge Ch17. Missing KPls for flex provision Ch10. Othepalternatives require less resources
Ch11. Investments are too complex

Ch12. Uncertainty due to restructuring

Informational Organizational m

Figure 2-13: Fishbone diagram of barriers to industrial flexibility for the chemical sector

From the figure it is clear that most barriers i
Regul atory barri-emost apeeséet setTloeadbarriers are
bel ow.

The firsCthilbardbemsstbrom the production plant fc
guality by app,lbwyi reg gf.l, exai kdielcirteyase in product qu
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This is particularly <critical when process stee
di srupt chemical reactions and product consi ster
only impact production output .buForalcat aleytuila pn
which account for approximately 90% ionf geelnler @ad mr
fl exible operation might deactivate the <cataly
exothermic reactions, fFluexi thielaitt yb arhearscer easn dc aeng L
considerations, causing inefficient heat transf e
iron crystallization in indust-coatachemgceaebmpooo
temperaturetocanesotduéluo fl exible operation, und
l eading to c¢clogging i n pipelines, contaminatio
efficiency. Mor eover, aging equipment can | i mit
often | ess adaptable to rapid changes in operat
and Operability) studies often do not account f
potenti al ri sks may not be ful Inyt aitdemti fied or n
The secondChiRhasi ¢ @oufwiitchi ent bufferiasg thei ng
production is based on .t hTeh ed epnhaanndn i fnogr nteheed sp rtood utc
how much of the product is stored amdrhewamapste,i
in fertilizer production, products |like potassiu
materials that require | arge storage sil os. Ho we
full capacity, |l eavingustimenhtse.rodbomrfkasi pgoduoriag
require significant capital invest ment and avail
due to sit.e constraints

Then ther e caarues ebdd rérgiterrisc a l grid connectdwer ta:md ¢
the quality and twhd cehg a oo fn ott h ea (QllEdbM Ao rt hfel epxriobdiulc
pl ant did not want tberepkacéorheepbhkcement wou
speci ficprfdjeexctb,i Iwhtiych kil l ed the project as the
E4, ET7).

The bhaxt(Gh®is rel atedt eohsplady itcheeq ufilrexdi Himldi ty p
for which theamaotuf acobwvieme the assur arflcze.sX)f.or tt
concrete example is the use of a hydrogen engi n
guarantee that the engine would run beyond 2000
to be viable, the engine needed tiot lmipre ryaetaerhf e e
payback period. This shoral phgbauonkepteheodi wasamrs
project within three year s, meaning a |l onger [
uncertainty surrounding the operational l'i fespa
ultimately prevenmnbijegttheofm enoivbinlgi f wyr war d.

Rel ated toe¢c¢hmaol, ogyhecan Hehg obhicomphhebet he pr oc
technology on which the flexiohri i hg amail ldl aareye dt
needed to provide Reherfrli exgi kiglaiithy t o the hydroge
for the technology provider, tthhee cépepriicadt ipono coefs
operations was highly compl ex, l eading to signi
calibrated. Because t hiealmoydadt @enls beacwimk metarb ¢ i
to provide performance guarantees, further under
Anot her specific barrier (!l at ¢that ondeed etecd sS taadyn
within the | imitsootakbeigteoemnatbontvoedceiguepm
fai(Uedh) s conflicts with the potentilal imeedd rofa
environments, generators play a critical role in
'HAZOP studies check everything that could go wrong and state whict
I f the process has the option to be managed in a flexiblefway, thi
flexibility was not taken into account for the approved HAZOP stu
could go wrong when applying flexibility, which would require a |¢c
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out significant i e e s & ma ntphbeenji rcia@ u tpa madtuicd n .o n
, valves, and heat exchangers are control | e
vention to adjust operations.

-0

chall engempeplikiteamdes wioth ¢Ch8) rewhkeaei pmastic
|l ary saheiadesnaoketiayrequires upgraded cont
e accurate and reliabl eFofrl eixnisbfialmie&eyt apirno vs isti
chemi cawandemrdpany provide bal anci ngr egoeurlvdi ces
aut omait me , c o etalht @ ilarrsgeceelre | adsst lowkver, curr
astructure often | acksgtihed operstsary, i me 2mgir @
vation cannot happen within required respon:
rol ). Mor eover, upgrading these systems re
icipation ecomgomically chall eng
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itidnglitan] security and d ptrae s emath ageimda mter ( Ol
essitating the involvement )olfn biontdhu sltTr iaanld sCeTt
mipealducti on plants, the risk of cyber threat s
r process equipment could | ead to safety ha:
tdowns. Whi | e I' T teams focus on secwmrail ng d
nections, OT departments handle the physical
Xibility signals.

first ec@httbihcasbaror ideor wjitthhrert had tftebentatti vee sone
can providesf ktexpbtieok iutsgea haededk srse q weishoeacr!| ceeasr.

e of this i s tHeengdmeei,c ewhh ecthweceann aonf fHr gr
i | iRby,i lemrd amildh is simpler to implement
t Rdarni vreanr kfeltexi bi |l ity incentives (E2).
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t econrChindilcc drmaehiiregh t(hest s andf compkeki hy
ricity ,i nfhri ashinadsrc itogf gt eeinr e d fpa ro vfi bseiaxbishoi | i t y
quisite for electrifying indusftubbéasiled eman
to electrichlbidlersernaxives ngsgechdasoanec
necessary capacity Itol chaadh,dl lee a dchien gi ntca
cocsnecretetdiamplssuef occurred when- a site
o r-épbkbhsedahéasisng m. However, t
dated and could not rt the addit:i
6t aogéneral cable up , the cost bu
-boorn | ¢he peoject. Thi dramatically [
nt s, making the payback period too |
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vaermcr eased uwencteor tpariondwc tdi on p(Cdl@)tc ame @atl rswct L
b\aarrriieetri,on i n activities and di sicto nbteicnoumetsy
icult to plan for flexibility prB7eclt?) which

er al regul atory barri erosncwetrigenigade¢ ntciafgirésd,t upa
necti oms,c owhregnei easnodretri bayccess, tloea@amdp Ingx

tractual aombdliniegeadt ifoonrs coor diwmathi drhe( €H o&3)ed di
tem (CDS)Aomwajear (RM3I.Il enge ari ses when industrHr
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ronments (R11). While policy frameworks enco
s on energy &efficiency measures anegidenewat
iOmiel iiti.ustrative example of this Filsantdleg supc
h requires that, by June 30, 2025, al | buil o

G Wh per year mu st havelThsel aorb|l pgaeisni apphik

ehol der s, and usufructuaries of such -buil dir

neration capacity. Although such measures are
So mean that aweasiolua wlees fairreanfciiraslt al [doc avteand t

stments, rat-bBehanbangt meabbexiebil ingdustrial ¢
t al expenditures for mandatory sol ar i nst a
stmeméshmol ogi es that improve flexibility.

t ioocnmd dryi es maoyt hpepmpieo rait ti iosne,s tiriakfee gg reipd i mi sat i
, i . e., scheduling consumption to maintain
ges, which can out wei ghL atrilgee b enrdeufsittrs ad f cfolnes»

benefit from preferential grid tariff structure:
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t hes

il es. Engaging in flexibility measures, wh i
e advant ageosuys ntabktienkgi bcbhtdiytiess attractive

As a result, companies may prioritize tariff st
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@] . This means that energy flexibility
o] t eams, ' i mi ting t hseiidre ifnlceexnithiilvirei ttyo ia
a settiemgy, pradbudtitgn ahfdi ciost contr ol
s typically measure success based on t
participation in flexibility markets i

reates a fundament al mi sal i gnment bet we
ations. Even if energy managers see the fi
struggle to convince plant managedrig etca | §d
ri bute to the

h
S
e |
n
0

i
t

companyod6s Moopeevepre,r f oh ima n Ke |
fomexiest ance t(@hXY8 easbiplliany managers priori
ener gy Eovpetni nnwhzeartei oKnP.I s are neutral or suppo
ibility because they anticipate reliability
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control. Reported drivers include a strong rel.i
automati on, | ow perceived competence with DR to
which production | osses are higbhgeviaihleTWwhsl &
mani fests as a pretfferenoperfatri csnt eanld -rreed lunce anc e
interventions (B1, B3) .

It is not only the absence of flexibility in KPI
al so t hef lfexitbitlhiatty projects are ofvenmpEemenved
pl ant mgGhalp®asy of these initiatives require te:
with automation systems, or changes in operatio
complexity to already demanding production envi |
focusoni snaintaining stabl gr oodpuecrtaitoinontsar gneetest,i n@n
downt i me, may see flexibility projects as an ove
consequences (B3, C2).

This perceived complexity is furt@r20ewheerbathed
ignsufficient knowl edge and wunder stafndpngviodi ntg
flexibility (12, | 6, 7, c2) . Many industrial S
measures i mpact energy <cost s, operkobronabktantec
decision to provide f lheoxuirbiolfi ttyh eatd aay cneirgthati ns egeuns
moment , but coul dt ehramecamgtienat ooags. I f that de
capacity demand, it could trigger higher contr ac
the next 12 months,-teumwéil gkiimg |l any skoerthues. TI
l ack of kmaowlredlgrestaandi ng to accurately assess w
flexibilitpobehwgegm whegt s.

Extrapoflradm omompamsyct or | evel

The barrier pattern observed at the case plant <c¢
sector because it reflects structur al -sfpeeati uUries
peculiarities. Chemical sites iprisncfiopral 1 e a soopnesr &
competitiveness, yield optimisation, safety and
window fosidembahdxibility and makes it highly si
against overstamitnagl f laemxi bfirlaimeys piott eas conditio
constraints. The extrapolation is further suppor
are typical for the sector. Flexibility is rarel
absefnrtom key performance indicators for pl ant a
throughput, and quality remain the dominant pri
alignment between what is technol ogiwviadeqg-ifreaday
taway operations, which in turn amplifies inforr
evaluationrespdesmanadpti ons.

Techni cal l'imitations that restrict modulation a
controlled. Cascading interdependencies across u
can cap the flexibility of ratnpaetre loirmiotfs ,t hsea feen
envel opes isathodp spteanratl ti es constrain dynamic oper
bounds upward modul ation, since additional produ
finished product s underl b atmh tag lKkyadLLihd aodrp eamad i b e g
documented example where | egal caps on storing
effectively bound how much energy can be absor
flexibility measures mursdd bleyidaey ienxepeerretdi saen d aghodv
chemical pl ants require significant enabling in:
before participating in faster products is techn
Greater operational variability can also depres:
Where excursions fall outside normal operating r
t hanmror mal operating conditions unhder whechndmpt i
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definition of appropriate controls. This reinfor
objectives can be in tension at the plant | evel
the feasibility assessment.
Finally, alternatives to direct |l oasdtmodehnatiadnmm
and storage can provide system services while pr
face substanti al upfront cost st alnyd dexirefeod es b
early deployment phases. Where storage or addit:i
oversupply, the same | egal and physical storage
apply.

2. 4. Cobmnercial sector
Figkildshows the barriers to flexibility faced b

fi shbone Pdiemgream.ote that the commerccécall ceaztioon
datcantaneds we are specibfaircrailelrys atdhdersees scionngpani es f ¢

Regulatory Technological

Co4. Throughput time of Elia studies for capacity
Co8. Unclarity re flex grid connection 02. Limited flexibility for 'infra’ part

Co7. Permissions for new windmills take time

Cao9. No match flex grid connections - needs
Cob. Dgcated in already congested arg

No Industrial
Flexibility

Co10. No permission to cool at higher temperaturesCo6. Unprofitable business case for RE production

Figure 2-14: Fishbone diagram of barriers to industrial flexibility for the commercial sector

The first techmasl ¢6gi dalt wbamditthieons t hat need to

power cons(@ompThe®enpower consumption in data centr
I' T power consunmptistopmwendrce® nd dmptoiwen. consumpti on
all the I T infrastructur e aldldt ema k ecaams theee se xfearu tier

Infgtar ucomse mpni anlesy ot her neededf tpowampport the
i mostley atceodo [lidh gpower ¢ onsxwenmp tainadn ciasnmfort  dies rvap ti e
as the risks lacsssaoocg eastse dhoeidehdo @hdi ph. edq hiepend ot
needs ItioveBé®H990® t a1t .iFlE&Xi bl e power consumption
in {hér astprayrcttfuorre iurssthagnfder , bawlr £drset he power
consumption hasg bl (GotRyDeact af Iceexnt r eusni chd ehaupti bl e
suppUBPsy st wimg c h cgoenmteariant drag t aHoive s e r |, to not i mp
contyonfuatta centyretbesegeicananot be directly connec
remain sEpalhate (
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tiohiaéht, resi stance to incre@oil)®gprceosod ntnsg 4
vioral barrier i?whtohotattbhardhtmi tenthbhesava
rn | T equi pment is designed to withstand hi
st on maintaining | ower cooling setpoints, (
ni calityjyeceésncreasing cooling temperatures w
umption and enhande@8lgdperational flexibility
h
d
t

eat recoveCQoBstud taedb | fee addiflilack e(r s nmu b beéecawnat
ata centhratomgacoinhitetctction must exist. These
he residual heat at the avail able temperatu
data centreds ssuwpapliyal lann dp rtahcetrintael, mahticshi ng
el oping the required distribution assets is 1
a centres armrt gtemecgraildiynatee uand coordinate su
hird partyhe@atigg a@apdiatorcobr ESCO) i s needed
acting (T2.4).

QOD®DS>TWVW IO OSSO0

ther barrier has to dol omig ht hgrra tdg Epoinen esctt U ddiness
itional JgCd)dMocrepavceirt,y t he fact that request fc
ated in order of reception, meadepehdent hyestfn
k grid capacity to sell i dtabat e mmeursd g,y rmak imo
watTad.Gertai @ayt a c emutsrtesbe cl ose due |tad thacmger s
uiremeheyg Imutsdd bien areas whodrteelntrleadgricdnigsest
This makes it difficult coonaadtdi doeadietwo an
nectaipawhi g often needed ¢D2psovTAeb) |l exibil:i
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As a solution to grid congestion and-ftia maagoedlder
connection agreements are being introduced. Wh i
provide a viable option for <cert ainn icnhdau slternigeess

flexible grid acces

data centremi ssmat dlo hédteween

upti me reg@loPemdmt some cases, It is neaalparcgdry pc
grid connection, |l eaving rdiad ac @remd g teiso wi d it ioord /.
i s not a viable solution, as data cent8Bs requi
uptime. Any downtime in I T systems could | ead to
di sruptions i n banking transactions, rail way C
infrastructure (R2). Addickgotfocti mirs tghalelgeamge nigs
i mplications of flexible gripédrtoonkatipnfagr eaer
expansions ( Cof8l)ex iThhlee"t erretmai ns ambi guous, and t
flexibility requirements would be enforced in
bet ween sporadic downtime events spread across t
over mdmrRt hs) vetrdsack baeckerruptions that could se
pl anning and backup i nvest ment s (R1, I 3.1). Wi
regulatory guidance, data centres face major i
detr mi ne the | evel of resilience and redundancy |
An economi d htlhdhlruseness ahdiet bwmarenewab( &®Egner gy
sourcesnot al wayGopgimef pralhblie ability of new RE ca
on t he sciotnesbusmpsteilofn r ati o, whichsideturaexideiplindyg
RE business case indirectly suppresses flexibild@i
orsi eeaergy to align with) and the enablers (ass
demand) . I f |l oads cannothh heusbi bredbutf deREdpwDdu
2A colocationadhaai cenyrehas rents out rack space to third parties
they offer services to businesses that may not have tthet o esmjuay es
all the benefits.
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bility. Under these conditions, | T p-ower i S
ibility to thhdimhagciolpittiynidamaiom, amdi mana

PV or wind must be exported at | ow or wuncertain
charges, depressing the business case (E3).
Anot her significdreingthgl Ipengné tit s ngherocess for
(Co)r. Obtaining the necessary permits for windmi
years, creating long |l ead times and regulatory
significantly increases investmenworksksandsemar
prices may change unpredictably before the proje
the ability of dat at eremt ee se wab |Isee caimrer glyongupp |
sustainability targets andThenegagme puracalrrteanemtty sé
compl emenstiatrey iomvest ment-csonsou mpntciroena,s es uscenl fas bat:
storage, and smart controls, which couldisebseqt
flexibility. Post polnii migt $tehremsarf |i enxviebsitimetnt spot ent
exposure to -phacge avndl! gtridity.
Extrapolation from company to sector | evel
The barrier pattern identified in the case study
whol e because it reflects structur al-spfecatfurces
circumstances. Commerci al data cewtregubpemahts,
strict separation between | T | oad and facility
vari a
side fl ex
(Col, Co2, T1). Althougph ¢YEvesgsbdtemsameadubiagkito
t configured or per mi-itntedr @ ot irwenl ¥ ,hewlei @als sed st
srhootritc ec tpsr odT2. 1) . Location further reinforec
qguirement s, facilit-uebanl astas Wwhewebdnsoporilpe
t en ccaopnasctirtayi ned, so connection upgrades face

di fficult to secur ef i(rOow4c o nOwoese t iTo2n 5a g rTe2e nBe)n.t sl
is because flexible access ceancdietsi aurpgd i amee Hhanrdd

mpl ates | eave enforcement andtdoyorddeifn anteidon wpha r
nvest ment uncertainty for expansions (Co8, Co09,
While these barriers are common across commer ci a

busi ness model

i Collocation fecahi})ie®Wo(kudad timing and pl a
tenants, so flexibilitysirdeanaa mdcds mparedeomti nBaunksl iy
and governance | imit changesetacttiovédamdesefnp
coordination for heat valori-lseveloncomstraai st s
additional capacity -difmicahmetbi obhtagneemadt
incompatible with the required service avail

f Hyperscale campesast )(.si @Qgérat or s r-etgent con
workload timing and,reasitthémcyatenmstyr aindt sathi

pl acement . This enabl es ay emme afslue xidb idleigtrye,e foof
shigtamal ytics, backups, or training jobs to
renewabl e avail abicriittyi,c aln dc srhpawyti en gi mtoennsi t vy
policies.. As a result, the feasible flexilt
collocation, although still bounded by stric

conditions.

2. 4 Foll sector

grd & hows the fishbone diagram for barriers to
e barriers in the figure are summarized but in
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Regulatory Technological

Resistance to third-p:
involvement/automation (Fo32, Fo3

Unfavourable market signals and Insufficient or inappropriate
support mechanisms (Fo17, Ko21) technelogies, (Fob, Fo6, Fo7)

Conflicts with existing polici
and incentives (Fo18, Fo19, Fo2

Negative perception of flexibility
(Fo31, Fo33)

s constraints
. Fo2, Fo3)

No Industrial

Flexibility

Poor access to information (Fo35,
Fo37, Fo42)

Uncertainty around financial

Operational and workforce
challenges (Fo23, Fo3

Low organizational priority for

{Fo8, Fo12)
Low profitability ffom flex (Fo9,

o Fo10, Fo11
outcomes (Fo36, Fo41) flexibility (Fo25, Fo2T) CAPEX for new investments too higl')l
Lack of clarity in regulations a Inflexible company structure and . tFo13)
roles (Fo38, Fo39, Fod0)  decision-making (Fo26, Fe28, Fo29) Market an ’°°essF”§$§ Eg}gj

Informational Organizational m

Figure 2-15: Fishbone diagram of summarized barriers to industrial flexibility for the food sector

A maj or technologicaf eao®initlriat wt ofi sr edheci ng t he
production @mrsodcdes sugar beet processing operates
the campaigo)l.peUnloidke some industries where pr oc
down, sugar refining-siemnsa tdoret ipmrwacles saghn dnetainmeng t
are not an option without siFgpmi feixcaanmptlley, asfufgeacat ib
harvested in Q4, and al most f monemdit heeffyebhflser t h
proceddfied.harvest and processing periamduruinrsg fro
this period, the epyloannd tohpiesr attiense f2rda/nfe., Bt he beet s

degrade in quality. This biological constraint m
production schedul es tTchematecntai ma migetpagitgioal st.he
August) sees no production activity, there is no
Theseasonal nature of ¢heatbeset amnc aang driofyino rSaulg alb ar |
production is highly concentrated from September
t herocess . r Howienvgr, for flexibility to be valuab
for flexibility services (T89nerlgy tdhyesnhetng hceos tn cfil
with the beet campaighn period, the financi al |
di mi ni shedc.asdhak charactducsion pf octghses epatnada | t h
mi sal i gnmenitn duestt we ean flexibility potenti al and

establish recruewemueésfrlitelkerbidiiggyour agiemgn ifheeas bineg
solutions.

Furthesmorage coinspasad nadcddi ti onal (Fp2xBbogphirtpekbt
have a very |l imited storage |ife, as prolonged
i mpossible to shift production schedules to re
a fundament al barrier ,fracsm ide cpauvepvkesntt gsn gt hhikea W eerf Vi
material processing.

sp
hee

Anot her technologbsahcéapnfiextesnadahedemand for
(Fo)3. While some industrial sectors can optimize
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option is not viable for the Sugar refinery. St
waste hedt , sampceirBeedigvieudn acsur rently | acks a politi

sustainable district heating (T2.4). Additionall
waste heat infrastructur e, as the benefits woul
makg nit politically wunattractive.

Providing flexibility in sugar refining would re
compromi se suad. gRrad¢¢dgys i nterruptions can alte
|l eading to inconsistencies in sugar purity and t
Additionally, more frequent stops and resg,arts w
l eading to higher operational costs-odrfd bred dvieeed
maintaining pr oadweagtr agu algi tfy exndiil ity measures m:
for sugar refineries, whererptrypycess stability is
Anot her key barlrTi esreciusr irtel aatnedd dtaad a dFxogbh arSg e ircd g
cybersecurity protocols prevent seamless data s
flexibility markets (T5.3). | f the data exchan
net wor k, it poses fewer chalkenmnggsirddwevemh, niftt
it mu st comply with stringent internal -tseameur ity
participation in demand response programs.

Anot her technol ogiadaslendfar approprsi atfee t echnol ogy
fl exipridvitd/i ng ifrecg6sWhrielse t he sugar refinery ope
i ndustri al contr ol tool s, these systems are not
platform capable of steering flexibility wacros
centralized enesggtenanwgemdntrequire significant
di fficult to justify from a business case perspe
A major economiicnvbeasrtriinegr iins etnheartgy ef feifdieendwei s
than pursuin@goBl eSi bickitswugar beet p r-iorcteesrsd invge ,i
particularly in the evaporation phase, even a ¢
greater cost savings than potenti al earnings fr«
on eovragpt i on for sugar concentration, and since e
energy demand, they provalhlee i imimean aiye| cadnretnrezrs dtds
flexibility revenues are uncertain and depend o
sugar refinery prioritizes efficiency i mproveme
hi gher and more stable returns.

Anot her signi f ipaearnvti obuasr reixepre riise ntcheast wi t h fl exi bi l
di sappointing fif0o39n ciTahle rceotmpramsy had expected hi
flexibility provision, bwubhiadtoéal thevenedscwedeyv
l ack of financial reliability discourages furthe
demomated that revenue forecasts can be overly o
A further economispathamadekhgte prsi dhaspreacakar e
flexibility profitable (Fol0). While pr-siceefl uc
flexibility opportunities, these spreads are of
processing schedulFeaxaAdaint ifamrdlhley, c®Onpl i cates
case I f the refinery needs to increase Fossil
emi ssions, t ri ggFermimgriardtdii ftii mantad oCds EFpr i(ESBs 29 r e S
expected to rise in the coming years, these indi

even further.

They al sdefcoreaseeng profitability inFobh®haheill a
theoretically possible, ancillary service parti
included in core business case <calculations (E
revenues i f an installation isatamieadal i adgdl ace
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However, given the wuncertainty in future market

view ancil |l ary -tseerrnv,i creesl iaasb lae Iroenvgenue str eam.

Anot her factor influencdwagr &llle xea dandadrmiyc adlopwd cowmn
(Fod2 Economic downturns directly affect invest me
ri-askerse and focus on core opeesaseéeohiadl npedjsecl
flexibility (E4). During economic upswimgs, cor
i nvest ment s, but in times of financi al instabil
they are framed within sugstainabstimegtedhbytwhemw
Anot her, relatedCABBXrfer newthavestifmehldiskes to
many industrial compani es, Tiense Suiker follow
projects must demonstrate clear finbhciaalfl eati bi
project requires substantial upfront investment,

competing with effifcoemsegd ainmyv epsrtomduratt g aeyinthaad k o f f
periods.

Anot her maj or economipa eadmnantgr &ihret biesett lcaatmpai gn
period to introduce flexi(oddtyvi headsugarhregheni
on continuous operation, any ext enrdsihone noefr gtyh e acnha
operational expenses. For exampl e, each additio
ompaad/di ti onal , OPmeXand mmgt st hat even mi nor sched
gnificantly increase dawds alalncp raldic mistnsadghye opg ¢ 5 €
r flexibility, as the cost of prolonging oper
rkdeti ven f | exi biAldidtingpeapotitahiegpanalompcosiuus emaentt he
i [ and financi al ri kel 7 Ir @mant rfiocrietcya sp r odcewri
y managed, and each year, the company mi
i n, which is then purchased through a ¢
arket exposurses. eHreochtlreinesi tayr ii sse cwhnesnu niee
pl us must be sold back to the market,

wS>3O0Mm T o —

y idobsenoprpasssiafigect the refinery
ers are paid based on sugar content a
due to flexibility measures reduces
er , t heir sugar concentr darmerdeandaste
g processed than originally predicted.
y processing det ayuspshegati vseulpypl a&f s,
|l e strategy for both the refinery and

i rst majori s edgdurgéfaltiocrty oifs sfueexi bil ity provisior
Fo)8f more powecomeemedioecbed for flexibility p

cdnsjte.ctrli omd odedikee the monthly or yeaAr lhy gtharri
than nor mal peak caused by flexibilitRg)Fprrovi s
exampl e, if a |l oatermcféasebfbitgy showitce trig
can hawvteerlno ncgo stti cormspt h € at apuf wesgteng the finan
flexibility event itself. This creates a disinc
system penalizes temporary but necessary peaks.

Q=P C TP T /T H O OO T3 TTmOo
(9]
X

f f
i
g €
ci

e

Anothegul atory oanmfréfect li switthbel engrgyredgdl zt ieory
(FOl9Providingcdhexedbult tiyn | ess efficient operatd.i
of product and reduci nd¢R6o vIgriasl Inoef foinclrye aucndi enmgntirni
internal eneragly] et ifhwesnan cdb alfdrces L£Odekbmmt edi or

costs. For example, a | ower efficienay!| mawanceguyi
especiidadribpan ce.sfThrei segart hruesfsidnaecreygu | atodrfy btert avée n
fl exi bidndrygyandtcbmpi eaany e, wi t h kn ot oclreeaaonfcrid me

objectives.

Moreover,pehalteiasefor not prov(iFdid@g Trheesseer weed afl It
are part of regulated mar ket arrangements, such
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i mposed when a contracted flexibility provider f
request (R7) . At the swugar refinery, this crea
technically willing to offer f lueoxuisbi d udar, hefti
unexpected disruptions (e.g. equi pment failure,
uncertain The company t her esftoargee sctlraersisteys otnh eh onwe
penalties are applied. For @& xaenmptl &i,n i d md threty onfe r f
during the beet campaign and one day fail to del
contractualkvpenaftyhe failure was due to reason
cl ear under sw atnlde ngpemd !l thyo framework functions,

notification windows, and force majeure provisi
contracts.

Subsidies at the Belgian/ Fl emi sht ¢leo/eed mfarre dp rtoov i
ot her EU memFen lUntldtkees countries such as Ger ma
electrification and flexibility receive generou
l'i mited fi nancifdle xiiprdotljieacnmesnot(sk éfkcarmp | e, a sister
Germany re2dmi Vedogavernment suppocrtwhiolre ai rsi migd re
currentlhyua70 million is allocdtred.f &l ismabkadehiriorne
progrfaoml ectric boiler%d avod elbhewat, punmpsdedi cated
mechani sms exist for flexibility services, makin
to justify investments in expensive electrifica
enabl e parflekphtlibohyi mar ket s.

Thechanging pol i t(Hoc2k2 cépmasent s an overarching
Frequent shifts in pottéercm @meérogy tstersat aiqnicd *,arana
future regul atory obligations create a hesitan
companies r elmndttantto tfol eexxi bi |l ity -yperaorj eicm % e stthnaetn t
especially when policy fpramjeenotr,k sp cctoeun tdi alhlayn gael tm
or compliance | andscape.

On thesatgandlhesisdiggiar refineryds operations ar e
campaign, and spreading the evaporation &r <cryst
required for | mtwoaduwc inregsefglsd Xfiakci@ nitt yr estructuri nq
pl annlFo33 Personnel schedules are curdembuadyy opt
production window. Any extension would disrupt t
or rehiring staff, |l eadnhgtratadei compakexcoygt ¢ O4

rgani zational a prperloavtaeld oifn vfelsd xmemit $si tilysc t ¢ d mst terr an
ayback req@Fioddmewhntisl e many flexibility and ener
eri od%s ydar7is, the coMpareywmrexpdatrn avinhrdow for pr
hoetrerm financi al focus-tefmedttiveasltynebk sa¢c k £ viaoan gvé
trat oegi sustainability benefits (02).

urtheremenrmagynagement , a nfdl epxairbtinlsitutly@ar t gp pri ority
orporate mana @FeondeFhltt hhoewgeht ai nabi | i toybjiexcta vetirsat
ri mamiley phetoedh tberedl gnsefoffi caeanay, twhawachhconf |
| exiolbij leictSyi wE e xiclainl itteynporarily reduce energy e
nder mining sustainabil it yl ekwPels , K b edndedfitice nplsdt)e/ rotsi
trong performance i90 emecgrynerdfdtianenacfy iitss asust
hat is actively wused in product mar kettimegr ea nids
g

@]
p
p
S
S
F
c
p
f
u
S
t
s nitaeciatnda d oot etxa bi | i t yc osutlrda tteegmpeosr atrbitltyi cea reandcey

:/ / www. kl i maschutzvertraege.info/llw ref66licieaBeldat apool / ¢
a03609f 4/ 1 i vel decmpimhante/ PMWK ek4 st eckbriefe_bf_final.pdf

4 http www. v I a-mb | bveokdnm & m3$ ietuiwekdl o i ar aat-cshperposntge m iomd s relh ®lkitge sc he
boileewasr mt epompen#: ~:text=maken%20tegen%202050.

L,Programma%20KI| i maatsprong, een%20steunperiode%20van®%2010%20j aar
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https://www.klimaschutzvertraege.info/lw_resource/datapool/systemfiles/elements/files/b1904cbd-0651-11f0-a8e4-a0369fe1b534/live/document/BMWK_A4-Template_Projektsteckbriefe_bf_final.pdf
https://www.klimaschutzvertraege.info/lw_resource/datapool/systemfiles/elements/files/b1904cbd-0651-11f0-a8e4-a0369fe1b534/live/document/BMWK_A4-Template_Projektsteckbriefe_bf_final.pdf
https://www.vlaio.be/nl/nieuws/70-miljoen-voor-transitiecontracten-klimaatsprong-investeringen-grootschalige-elektrische-boilers-en-warmtepompen#:~:text=maken%20tegen%202050.-,Programma%20Klimaatsprong,een%20steunperiode%20van%2010%20jaar
https://www.vlaio.be/nl/nieuws/70-miljoen-voor-transitiecontracten-klimaatsprong-investeringen-grootschalige-elektrische-boilers-en-warmtepompen#:~:text=maken%20tegen%202050.-,Programma%20Klimaatsprong,een%20steunperiode%20van%2010%20jaar
https://www.vlaio.be/nl/nieuws/70-miljoen-voor-transitiecontracten-klimaatsprong-investeringen-grootschalige-elektrische-boilers-en-warmtepompen#:~:text=maken%20tegen%202050.-,Programma%20Klimaatsprong,een%20steunperiode%20van%2010%20jaar

metrics, for fear of dndrurtatnigwenhandiidsapreagoynpsetgrt e
positianiangarket thatsustaieasbbightyyalas ues

Refl ecting ,t htihsermi nids® ediumtreequrtdtyi on of flexibil

it
company o6& oKRFI sOperational success is measured pri

energy efficiency, not by participation in fl exi
As a resul t, | ocal teams | ack both itbhhd iitnyc @ mtiitvies
Adding to tihebkechattl engat fl exibility remains a
the broader cor pnortehteeg acwlimpumnmeg. rlehmai ncagctoih®es vat i
embrace the f | eFxoidh6 | Flt ¢ x inlairlriatty vies (sti || a new ¢
corporate culture, and it wi || take time before
supported (04, B4).

Thi s rather addndeardweattivwear ds flexibility al so

procurementnspanategailegatrasitfjepmanagedcdent the | ¢
of the motherl|l coomphanyg tolHe tadwet Bredmgy an processing
and test | ocal flo®8i blihliist yc esnttrraatld ggiaets o(n of powe .
that flexibility potential at the site | evel of
standardization and procurement efficiency in mi

Mor eovdre,n a herneutiaprlee ad as@ikssiresn i nvolpv ®dddai 4ihen
makimrgoc €s0s) T hi s r dsewlgdtishsyec msasiifoerms concr et(eO8o)u.t ¢ 0 me
Flexibility projects often require |l onger |l ead
vulnerable to staff turnover, shifting prioriti
projects that must be executed dericaklsye ttdred tcang
extended internal é&8gptiation processes

Flexibility provi siaodnv awnocuel -thiompe qoueiercail tah cslteaafrf al | o
t ononi tor and adjust producitwihom hprict eaauk@eddd yneed
Currently, the company is not organized to resp
procedures are in place to support rapid reall oc
capability would require sigapaccagwgtbuntdingl r

e
The sugar refinerbyehaavsibcakrraclesssekiatahi nder the a
These barriers stem from perceetabed,contéunasa)] h
he company and in its Asufrirrosutn dh enflga veinovuirraoln meart r
mmuni ty pesrucrerpotuinodnisng new iFlodulstForlexampliatitvh
inery explored the possibility of investing i
eased fl exibddrirtooundHonwge vregi, ghtbhoeur hood oppos:¢
erns over potenti al odour nui sance. As a r
ive perceptions can complicate the permitt:i
ing i nnovaabarkiidaoyt eslustharest ment s, even whe
onmentally sound (B2).

- c ~

, Within thenodaordenys,cetphterce sinse t oward the u
emsthe contexkad3dofPfobeeasdbi dbpeyai(ors expresse
r ol over critical aspects of producti on. T
systems would have, what fallback or over
d |l ead t di surnd mttiecondse d ( B3) . These doubt s CI
ementation of digital-titmeillsilldittayt parroev iessisoennt i

wWowz 0TSO =0~
CO<® S CD®OS MmO

T COSnwU X <" QoS5 o

s
d
h
.

(@)
(@)
—_— — > ~+ ~ ~+

3

Mor e br oadlpyer ctcehieweed iisn@onveni ence associated wit
[

by nt e(Fnoa3dI3 sEmpglfoyees anticipate that flexibild.i
routi nes, new responsibilities, or di sruptions
aligned behind these changes wil/ reghuuirged icno mmu
especially in a production environment where st a
Nextther e eilsucad ance to involivre cepxdreatniad n glarprnoecress s
to fl exoidbdi llinysdqme fl exi bhbseyseertvupsesf lwdixibthialsietq:
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r vpircoev (FlsPor aggraesgaatnori ntarmeidi dar garty may neec
eer, or influence part of the energy managemer
have the full trust of the company, particul
d operationalprbeentaritdss Atrust has not yet b
eates another barrier to engagement with exter

- SO —To

bsequaennutmbye,r of i nformationalTobat ar € rlsatchke roef me
ansparency and asy m(Fet3driyh soufg airn freafsnatdeirayg appr ov
faexpbbhitdernebet svadbekifee@xtfdrl|l bayanc,jamg ser vi
ved nowhgedthbhaggkkoMenceed. This made it i mpossi |
of fer. I n cohdfrtasrn , | aort dher -toompsaad e-wakl gy
menad remnmadc essf ul i n tthlees es unga,k ettlesd. | aFmIrgnce of
t feedback creates a blind spot, l eaving t|
il experience (I 1).

- >3 TS0DOun = C

alsmcergai higamtegarding the financial
Bonparticularly in the <contepti od vV O
g Since the company does not speciali zeé¢
edict the potenti al value of flexibili
nf oreseen penalties (I 2,ind 2cdmmi tTthiirsg
bility projecasivespprpduatftiyal nsattongewhere

— O 09 =T

o ®un o =" —~ 0

ddi t itomerldnyd,esr t ai nty about future regulations a
F@8 Fomoanerigot ensi ve industries |like the s
ompanies to invest substdeenctiipahferraignmogenoaér C
and odmkeinguousf rmaneiwirk)s. i s particularly ¢ e
bet ween Belgian &ep#&éeami shegrsiratgi @omal ppbpheci es,
anticipated future Monmpeaacuer,f tthe sreelpeovdrcti eisnf or m
mul tiple disconnected platfor ms, including regu
mar ket operator portals, making it to adxet roevreelvyi edum, f
al one adrticeppami ng devel opment s. Thi s | ack o f
communication further discourages companies from
when policy shifts may rfagulaaenrtyal | § n cshampe wiht

ugar
appunc
hal l

warning. I n contrast, | arger inkdogssei akpepttyeos
advisors who can track and interapmr ead vtawbtsaeghed ev e
small er players |ike the sugar refinery typical/l
Compountdhinsgsiuse urel ear i nteeyyretiagdgslfRR®EBinnce

flexibililltiysproavisdidagre rolfé stewosrte f ood companies, pa
feasi blreulaemsé npr ocedures are unambigubyps and easy
Anot her key ulmareritan nity trteegarding the allocation
amongt akehoFad4@s It is often unclear who does wh:
and what the expectations Faorre ifnosrt atntcee, f li dx itbhiel i:
provides flexibility via an aggregator, it is cu
of «xdehiovtenrey company itself, BtaHeena& g gmge dgReetsgro,nsao |
BRFP Thi s ambiguity i n roles and responsibiliti
complicates contract negbhefmtormnegar tainadi pdaits cnogu r i

schemes (I 3. 2i) ntcheesyp elitanosd éiyl e g al or regul atory ex

Even before a pranelcytziing liatusn cfhealsi biilsi tal raenadd yf i
costly and involves a highdll eVieé o©d mbuimicatrinard no
owl edge gaps, multiple uncertainties, and | ac
aluation a nfFagtrdire hwsrseklses meint) of a business caseé
e sugaa rebubengbst anal ysi s plrhovwed tsomtarhieeatge n
mbi nation of mul ti hlee siemfslomeant inalt uv a@&r iod b |oepse;r a
ound activation frequency and vioceurntei,f itchaet ec ocno
iempaaegr i d fees, andpurocnhfalsiecd ewietcht rpirceity contr a
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Finally, Iltahcekraemodr enass i amemnaqg al deci(BodpPAhimakess

particul arly -eeé¢egareitihsf oe Bentors Mahkye Iifooer mpal
deci-maka(rbsot h at the Belgian sugar r enfaivreerly md ¢ ewd
understanding of flexibility markets, and there
gui de Toheemable broatdheastgarpacthomesyi hmie,sefsali
information on where tenfolhdwptoceal sggnphsti bowa
energy contracts, and what penaltieshey pbltghte
t hmbst attention is dirlectsemaldter| arngleuspglrayadr sa,cty
despite their potenti al to contribute to system

Extrapol at n from company to sector | evel

0
The barriers observed at the sugar refinery can
insofar as it reflects structural properties thi
their relative wetcgbt. vRoodspdbygadadbhwynstmrsi gto pr o
and safety requirements, hygiene regimes and val
technological constraints often dominate: modest
and ®sttaorpt cycl es ©an thhe @eaotnloyni cs si de, energy
out performs demand response on net present value
and expected flexibility value carries uncertai
Organi sya,t ifolneaXilbi l ity is rarely embedded in KPI ¢
centralisedst akemdolmdiéern i deci si on processes sl ow
competence gaps amplify these effects where marl
tddng is not yet standard.

Sever al features of the sugar -bcasseed arhee rmmarl e pspe
and should not be gener-a00sepeérweéemnthouwt i cias &t i drne
mpaign window, perishability of tmg,r awdmather ih
st of extending the campaign all suppress fl ex
r many ot her food companies.

(¢
o}

e sector is heterogeneous and the exgprheasisni on

mi nated sites, such as |l arge cold stores and |

exi bility wi ndow becaus-eoadlhienrgmaslcdheefdreofsitin g ahl

re band optimisation, sumpechgt oo HACBE

h as bakeri es, confectionery and bev

s, proofing or packagoirngga nwistaht i coanrad f
gn tend to be the primary hurdl es.

or example dairy evaporation and m
rance issuclhi nist etdnh e rynmeatls ysatrogreatgeed

t gmment are feasible once met e

Q0O TooLYLLYTQ TP H O
TTO oS Cc S TSTOm—TO0IS oo
(@]

o
wn

o —

2.4 12040h and Steel sector

Figed &resemtes fi shbone diagram for barirricerr sand i
steelctor. The barriers are explained in more det
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COMPETENCES REGULATORY TECHNOLOGICAL

(R12)

Flexibility requires adaptation in plannil

Lack of knowledge re technical discussidgs (C2) No applicable flexibility products (RX3) Mo continuous heat generation (T2%)

Difficult to plan energy schedule themselkgs (C2) Difficult to get all needed permits (ARQ) Production is driven on demand {

Mo government subsidies (R11) \Product quality decrease from process interfyption (T3}

NO INDUSTRIAL

FLEXIBILITY

Casts too high (E4)

Energy procurement by third party (@6) No fitting business case yet (E3),

Flexibility requires adaptation in plannig@ (O1) No big gains to make (E3.1)

Too long payback period of 12 years,

ORGANIZATIONAL m

Figure 2-16: Fishbone diagram of barriers to industrial flexibility for the iron and steel sector

I n the steel pl-@agener athien gmaaarmdd buheiag s t wo EAFs a

converotpeerrsa,t e in batch cycl es, concentrating ence
short, discrete phases réatheéj).tBaenaassetehdybptkf
power sitasrimi aaltismeep that is tightti@wapoupmiedgt
and shop logistics, scope for modulation during
ri sks ®acragppdadechemi syrwearefomacevxtrended cycl es,
batch nudges or occasional deferrals between he
sequethaependent-rdemandgde band, with | imited durat:i
smal l er instal mbrieomrsdg atvd eptheatdout put s, their |
their contribution to flexibility marginal (T2. 4
Addi titomeal pyoductiiodmi gphdleynasisii yvemaki ng fl exible

more difficuld2t o hcsatshtEaldull iend rout es, cust-omer oI
capacity schedule wit-mointhotenad homezorél etThes Ma
seqguethempendent steps and bottlenecks (caster, h o
segqgmueed into grade campaignsatfemad danaryisrptrréeaam Sl @tn

cannot be f
upsetting m

Il owed withoutndreakiagrebgaetascand
t
penalties (T2.

l ur gi ca( Wowidhrdoogwse sasgd owiivdet &vg P d u

o]
e |
4) .

I
a

Thirdly, interrupting the produaticehepradeceeg ufi @m
degraddtpi3onFor instance, interrupting an EAF ex
cooling and $tebs$eggenttreati ng steep ther mal gr a
together with slag and steel solidmélyiadsampaitnst
cause spalling and cracking. The result is accel
which shortens | inmeirnggy luisfee paenrd hreaaits e(sT 4e) .

From an economitchep ecrosnpeacntyti wilked enn tt iefdi € 9 namse¢ ioa l i nc
engage i n (fll rédhiebiclointpyany reports that existing
' imited revenue for them, and there is thus no

based on ener gy Whiilcee tsheagrmeliss as iwbea kihé @swu rfeos  Ic
temporary shutdowns durimgmpeakapiooeomombet pf ot
i smal Idoaensdt out wei gh the moasft st Hatr ftlhexipmblaiitayn o
costs incurred from mar k) tE3delyi.ati ons remain too

Mor eovevyest ment decisions for flexibility ©proje
costgrbBue to the current unfavourable economic cl
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many c-apténasive projects have been put on hol d,
|l on@grm energy savings (&dAniomphreorv emafjloesx ikbb g g & ¢yl e
payback mpmesrsiocdated witf nDtBloersee imridijieadtisvres, such
Organic Rankine Cycle (ORC) installation, were U
return on investment exceeded 12 years. Projects
same fate. | nteramapllliye,spap sacmpangshold of 7 yea
that flexibility projects often fail to meet (E
i nvestments remains weak under current condi ti
strategie. relevanc

A number of regulatory challenges also hamper f
ompany hadsi fffaceadties obtaining npedexdairdy ngr djo
I nned solar |l BP8ni ndti al caseonthe installation wa
[ echlia ecdtoelsi meot require a permiiftewhtenptropased
ection route required crossing public grounc
ugh the techni caloushdl uctaibd ni nign vboelnveeadt hu nt dheer gci
needed for mal approval from the waterway
d, which effectively blocked the realisat.i
on exnecsjng. ehecPV installation to the p
el i minate t he -cpoonsssuinbpitliiotny. fAosr adirreescutl ts,e ltfh
t to additional t axes, l evies, gemera@rnied , f e
icantly undermining the projectds financi a

There ibaaksof agovernment sfu@rp offr ltreedirabtisluibtdyind/ieesds m
¢ n9 While public funding mechanisms do exist fc
energy projects, flexibility remains | argely uns

Another iisstuberpkeranstenanélb planning (alnrdl ()r.o ckewsrsn ao
can only operate when operational staff are on s
need to be taken spontanepnunistg, perigods espooduoagi
feasible due to the arbBeaetnerei alOl1ldltadbcdkdr 4) ord s s me
time flexibility extremely difficult without sig
Fom an organizatijobhhe pemppeygtalbeo facemnst calail 1 eddd
energy procurenilemiBlstctatiecegyity i s not proamred i
affiliatedwlkompuamrgeh absiegoo maj b-ahd g9y maardk déthe r emai nd
small erupdet i bnxed contracts. While this provide
al so means the company itself has | imited contr
eng emMe oy .

natedmpgeo®tnsncai nts. I nternal proj
ue -s®o®ngsihtei cgchatcal e anfd clhhastst eel

strategies durWhnd eperhiiod sa pogpfr omarhk
fficienkiymi i €dcemegisnaearshoega rbcaes diwro d t
expeonmrt icsoempl-ext t icnrgo stsopi ¢ s | (g 12rParogye cft |
als often | ackcomemitecamalkpnsi slepeddod teo
e of a lack of interest, but due to a short
t he business camsaek.i nGhiasnds Iscowrset d eneiss icoanu s
i ves t oshked vepast mornedducer to strategic miseé
y constraints (C1).
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er not segmraicitaur ed f-lnauesd omr ediectgiyovm t ¢ me d dlei
t orlgralndi Matriken @dMynamics such as energy pr
tly not considered input factors in the

ce, the scheduling of production is shaped
availability, materi al |l ogi stics, mai ntenance pl
di fferent process steplke (Thespl drarcit og sexad r eiagdeg m
the additierlatednenogygi derations, such as optir
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activation windows, is not part of the current f
production, rather than a dimension that can be
to align production schedul esi wiumt amped)y snamgkley
they fall outside the traditional pl anning minds
Extrapolation from company to sector | evel

A key characteristic that generalises across mo
narrow, gepeadesmnt flexibility window, crapatced yi n
scheduling. The majority of elcadélrii sadgee mahdt e
arc furnace (EAF) cycle, where only minor, prep|
Once heats are sebasededampaioggsaded aligned wit
respondi nngotiobceshergnaleassbhbemgdmediiffdrcul t due to
i mpact s on proddeptr oguakist yst awod kty and del i ve
interruptions further exacerbate opetreamp ernatlurse r
assets and igg¢reassunmpetnen per heat .

On the economic and organisational side, flexibi
expenditures required to enable flexible operati.i
core metallurgical capabilitibedsitAntsiecivp ateesd r reann
modest compared t o t he producti on and quality
considerations are rarely embedded in perfor ma
invest ment evalwuation frameworks.

The specific configuration of stainless steel p
with -axggen decarburisation (AOD) refining, adds
overgeneralised. Stainless operoayt i bmls e rtaynpciecsa,l | ly
refining durations and hi gher sensitivity t o t
characterist-tgsl eemddul ahtpa even more | imited t
mil |l s.

Fl exibility barriers and associated opportuniti
Car boansed EAW Irmisni whil e also operating under ba
often have comparatively more | eeway iahl a@awxinlgi &1
modest i mpr ov eaemheeratds pilmndhdygebr | phAdnmanagement .
integr 8t0d fRE i | ities face a distinct barrier pro
peaks but more potentialrollayasagetiwnrikanagitnongy eby
units and rolling lines. These options remain c(
requirements. -dnlnyalplyantts nasdi asgr vi ce centres ty
flexibili-dghoviezomu.l t However, their smaller | oa
absolute system value.

4 Nbi#i5errous metals sector

2 .
Figat@&shows t he f i svwibtomebariraigarasmn t o i nddietrrioals f|
met al s Tsheec thoarr.r i er s are explained in more detail
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Informational Regulatory Technological

Nf6. Need for process automation
Nf5. Additional maintenance
Nf12. Regulatory impact of efficiency decrease Nf4. Limitations on ramping rates
) - . . Nf3. Lack of additional grid capacity
NF11. Tariffs cause competition distortion NF2. Storage vessels are needed

Nf17. Lack of metering data Nf10. Subsidiy schemes not applicable Nf1. Impact on production due to ramping

Nf13, Product does not exist yet

No Industrial
Flexibility

Nf18. Employees lack needed skilldlif14. Impact on people schedulipg Nf7. Income uncertainty

Nf15. Dependence on third pafty Nf8. Approval from mother company needed

Nf16. Flexibility not included in company KPls Nf9. Reluctant plant managers

Figure 2-17: Fishbone diagram of barriers to industrial flexibility for the non-ferrous metals
sector

Theost ctradghmrcalbagir ¢gtahliemp accft ampi ng up @mad Wotwino n

out pNft)AUnl i ke many industri al processes, the pro
power modul ati on. I f the company were to parti
electricity consumption in response tompomaaket s

reductions n zinc output. Given the companyods

[
production drops could influence zinc prices, e
periods of high demanld a@arv od adnksetarcainmneed fseurpepnicye., t h
would need to rely more heavily on its wvirtual
electricity use while maintaining a more const a
conditions, the capearcyi tiys oifn stunfifsi cviiernttu atlo bfautltl y
shifts An estimated 32% increase in virtual bat
for the production dis¢tTpYions caused by ramping
Seconsdtloyr,age vessels are neecdaend bteo daesl siwreer efd edxuirhbii
pers@Nd)2n a continuous and tightly integrated pr
power a djouwsntemhehretrs r ampi ndgc amp camsdowmbal ances be
upstream and downstream steps. Without iintervent
produon chain flexible, which is often technica
operationally disruptiveufTesasedisd attlm esceoaiicod ke r m
process stages. These vessels act as a form of
production output or feedstock input when the po
For instancendidéf thleefpooatesd mRampexdbwhi dyer equ
can continue supplying materi al to dowmisdeg eam
adjustihmeentcapaci buf od6er s heskl ultimately define I
of fered (0T2. 2, T2. 4

Anot her major technol ogical alnidmiitnefdr assvt aiulca tuirlail t
capadNf)yy The company is connected to the transm
but the connection is fully saturated, |l eaving
support further electrificationrespexgando f ¢§reaw
congest Hamw,m nmnan fl exi ble grid connections are be
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Under such arrangement s, grid users are connect ¢

over REomethis zinc company, being forced to ope
i mplies losing control over when electricity is
stability but also equi pment health s&ndisecker altlh
company would require a clear and predictable co
curtail ment cou occur , how much notice 1is pr c

I
e
| d
options are in place. Atdnmarkditgnit mposhsisblce afr ot yt h
ad

to confidently apt production planning or just
(T2.5).

Ramp rat e lailmiot gptoisenMaf)dpr dhkeemyétem i s constraine
of ¥1&nd exceeding this |imit could damage equip
threshol d, and currently the ramping is managed
create tr avmoditteamgaet ovies ks tri pping or damaging equ
executed manually and conservati-wnedpyonsCGurpreadl g
remains constrained (T2.e7,) .daJnitvidr yc oenx p@md sr earwend
rules is material (R7).

oreover, fr eagcuceenite rraatnepsi neggui pment wear and tear
l ectrochemical(Nfglo mpTohniesnt iss particularly eviden
ransfor mer s, rectifiers, and anodes, al |l of whi
xampl e, transformers and rectifiers are design
oads. Wkemdsulj eontinuous cycling, especially
her mal stress, and el evatedgrraidak i @fn. pfMémat dreea d
requent mai nt enance i nterventions, i ncreased

epl acement, whi ch in turn rai ses operational

roduction reliability (T4nc @ lIne catdrdaltyisoins, aarneo d\
echanical and ther mal stress caused by inconsi
amping can cause bending of the anodes, increas
at h. Such eventpsr oncoets so nelfyf ircedeunccey but al so pose
roduction | osses. Replacing anodes is costly,

ffects on product quality, efficiency, and proc

not her barriepoliinvg| fegrstedmet i fiers and electro
urr dmtclkys aut@®fméti ©ime rectifiers and the el ect
ensitive. Wit hout aut omat ed cooling control, C
ause temperature swings in the rectifiers and
elltaesésand thus the DC voltage required at a
han the cooling |l oopstcah sgmbem bant pvehshoot
oltage | imitpi,omguheqbi pmeks tHampge. To activate
eeds coordinated automati on t hraatt el ilnknsi ttshe arnac
apacity, wi t h har d interl ocks. Thi s requires
empereataund fl ow sensing on rectifiers and cell s
apacity, maximum cell waftagetsopsr (hedewm) candr
hen | imits are approached (T5.1).

rom an economic per speicntdone uwrcee rintlaaion thyislsiutey irs
igh upfront i nvdes.tobrof f ¢ CAIPIENEE irtty a l battery p

+>T SO~"0>5S<~FO00WVWOP» OPTDTTJT -+ —0~0Z

carut omatnidomt r ol )bsuytslttehaege rfmi nanci apleMAe tddlrenxi bi | ity
remains (Mfg7ATeheer | ack of transparent, reliabl e i
reventulkwqgl abfalcittiwati on prices, and the absence
schemes make it di fficult tei bus | dhaomwell dngnek
financi dIE4¢r iEtTer il 2, 7).

I'n addition to internal investa@emptrolvaddlae¢s groluex
where perceived risks and |l imited confi(die®ce in
At group | evel, capital all ocation follows stan
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specific operational constraints and risk contr

cl ass, together wi t h l ong approval ti melines,
deprioritisation versus conventi ontahl e rGW PsEeX fperaosjie
si-tevel initiatives (Nf&8, E S8, o7, 08, B3) .

Mor eopleant operators and process staff themsel v
flexibili(Nf)%rlogycdrsi ver is KPI mi sal i gnment : p |
emphasi setsattecadeyf fi ci encypetrgnel dp aeathpenargydevi
ramping are recorded as underperformance. FIl exi |
moni gominmW i nterventions, adding cognitive | oad
this context, operators cank pfeorceeaqgrealf lexi bowert
performance, especially where internalreHdRIlt efdr anm

outcomes or provide c(B8ary 8Berating envelopes

The company also faces multiple regulatory chal
core i ssuanilsiad 9 gintfmmetnhe bet ween subsidy schemes ar
of el-ect emsi ve ((NhdoOsthoiresinshawkye, i whhndleltaedDbine:
receiveear 1oual i fication period under the Bel gi e
(CRM) , eledespiltysebeing crit,iacrael ofnlleyxi dyicdairtegd em
contracts. This shorter quehitficeatiaomtyer idodt oet

and effectively discourages the deployment of f

Anot her signifuoaegtuahutdéeatmenthéenf gnridi fifagrndrdt s
of gri iNfddMhrid e( |l arge el ectricity consumers are

producers and certain battery storage install a
significarntnot Hiems@g naetq uaalll .tbrelahatemesntpr obl emati ¢ whe
provision results in additional consumption peak
mont hly grid fees. Wit hout tari ff exemptions (
inadvertently | east st,o wvhe agkheenri ngr itdhec busi ness cz¢
participation (R1, R5) .

A more nuanced but equaéefyi cimpocy astheani dFeas bel it

acti vhMftlJed As such that is not a big problem, how
nergy Poli Y ER®@)eermreBrOotssbare ai med at eAsuring
tensive companies as possible become and r emai
e participating companies thus contandbenergg t
ficiency l@bjHemntcie,esnvhen energy efficiency decr
emi sh Government wil/l start asking questions (

s of market deprsdduc (NfdlaBp eVhii dt ear swhabtradl bal nec i n
ts such as aFRR and mFRReewrwmi sapaantdyCRBMppODO

e l'y no dedi catduwr amaroknetf |prxadoudti tfyor sb

virtualcabatterieshemi d alr get orage. Thi
e assetds technical capabilities (e.g
mar ket channeltsy.t o nmoGeertmazney , t Haotr d anps:
Duration Energy Storage (LDES) auction model ad
procur ement ,amentohdaenli stmhat coul d serve as inspirat.
[ 126127]

mo 4~ o

From an organi
schedulNf hg Addi
during flexible
|l oad phases. Th
unpredictable a

onal standpoiveol atrnampiyng ndp avm
nal personnel are needed to ma
production periods, while-these
s volatility complicatées m@mlrenni
d activations are sudden. Bal anc

= QO -

S6Energiebeleidsovereenkomsto or OEBO& in Dutch.
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ts requires agility the organization curr
[ or reskilling (01, 010, E6, R12).

ani zati onmdnaddmamta adfnvvwd lwteissg é hpaak ® ¢ |
i bNflli®nye ascttriavtaetgiyontso (mi ti gate these p
reactive) signal,|, which all ows for o
webBotbmpensatbbhaboration with exterr
@l P¥tions can inject or absorb reacti
operated by third parties, meaning th
ity, responsiveness, or priorntimaéerinopal
Il ters, which provide precise and autono
a major capital expenditurmd,l lewwfotoen r e
|l e active filtemngeesnsabel full aodnsysl
makes them difficult to justify purely
t ween cost efficiency and operational a
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rther mor eKPlcso mpamagi n mi sal i gned wiNfhl 6f [Aesxiibn | |
ny industrial firms, internal performance metr
il e participation in demand response or ancil/
at | ocal teams | ack bothtoherwmacdavel andxpher
rticularly when such participation may increa
rgets (0O5).

t he i nformati on fronitncotntpd et e mmpanndy orud part teed
cumentaantd ochatiamcl udi ng metering dat a, vi bratior
ui pment per fdfrlmantTkekedeogdat(a gaps | i mit t he ab
asibility, estimate asset degradation wunder f
enatnoernally, the abstematce omfacrmatbaber, seper ¢
mpanyos ability to define anduBwsti flyusnignddhse d;
skkxst ernally, Qgohealli agkdat ahngbo complicates col
ch as aggregators and grid operators. These ac
ta to ensure proper settl ementl,f mnaudklretb gpxagltiirrcd
reliabl e drl exnavidiiltayblpa,ovi si(dnrt.ils llels®)straigl

nally, the skmphieygh@lcaeatsi an to fl exiblfd8produc
ile operators are highly experienced in conven
aining or exposure to operating wundetimariahb
ocess steering, aut omati on stratewy fdexéebopm
ti viampatmhe product.iThn splile@aelss to a certain ca
opting new operational mo d e sc,h amate , s d umu ahat fhrea
ed for greater confidence, adapted tq(Zi2ning, a

trapolation from company to sector | evel

rr- hydrometallurgical routes with | arge electro
pper electrorefining), the core mechani sms ar
ange cell current qguiiekkbygt dechkimntcalsebe haude e
moval, cel l rrveclitsa caen elevi omivteds BoCot h t emper at ur e a
ghtly coupled aut ometoiiorn shetdwd art rl & aniitfsi earn ds ect
mp envelopes are narr bBbwea@uants | oywc | (i Mfg4 , a cNefed )e.l
ansformers, rectifiers and anodes, raising OPE

ere production stages are tightly integrated,
decouple sections and avoid propagating a rar
ol ume wultimately caps deliverable flexibility (

ver al el eme nftesr riomst met abas sector barrier ana
neralised. Process divdrgsirtowswistecitmrt henpBekgi
ofiles and |l evers. Pyrometal | urygirdal fapeiraacteisor
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constraint
feasi bl e f

s akin to steel: t her mal inertia, refr
lexibility is -pbtaen foumdi ng-aderidpbl ann
f

timing rather than ast p riotdeusc t ssuc hMeacsh ama Iclail n go,r
ire drawing have smaller absolute | oads but gr
tl enecks are organisational (pl anning, KPI s)

t

ordtuerrat i on res
ese pol es; t h
exi bility pot

t omat iiotny.mat u

p ormwshaigit alCompegxl ing and refinincg
ey mix electrolysis sections wit
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2. 4Ba3rri er rel evance

Non-ferrous metals II I II I I I I I I
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Foll owing the identification of barriers faced b
in our analysis was to assess their relevance.
highlight, for each barrier cattegoelyevapttbat hre
approach provides a structured view of how con
industrial flexibility.
Figait&resents an overview illustrating the relev
Inthis vi sualizati on, blue cells indicate barr.i
highlight those deemed east relevant.
Barrier Relevance
Chemicals - Least Relevant
HEE Most Relevant
Commercial - III I I
k7] Food -
[T}
wn
IronandsteeII I II
=000

Barner
Figure 2-18: Heat map of barrier relevance for the different industrial sectors

A clear pattern emerges regarding how frequent|

There is convergence on a small set of constrain
in what companies deem material. Arteeods asreactmo st
frequently marked as <critical (E4). This is con
industry: meaningful participation typically reqg
storage or process nmodciofmpceattei ownist,h aclolr eo fb uvwshiince s s
croswstting theme is the insufficiency or uncert
signal is strong in chemical s, food, commerci al
weaker fienr rnetna | m , which aligns with the sector c:
business model is in place.

On the technological side, the risk of product

rated as most r ed ernvsaintti vien emrvd o e@:isment s food p
thermally constrained chemical unposntandndatpti
targets dominate. Together, these three items (E
recur irrespective of sector.
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this <core, t hes dgagiufriec exlriessees. s@ammer c
ent |-yi dembed nsgtrriadi nt s as most relevant, i n
tion |l ead times or upgradeal(T2ab,ity2whlere
ustomers exposebsdraichédtuebanogrivaeys, SO0 C
than process physics becomes the binding
slecswhbs emphasise tietchnol 9ks cisitropad rgosaekt
deviati ons, whereas grid wrasnked.are oamc lamaly
ight technological barriers tied to batch m
rgani s arteisoennatl biuttentsonppar ati vely sefcomrdausg t c
s exhibit a different profile again: safe
mi nate relevance, while pure revenuankaedudifven
@cs$ or O0si netleencstirvoe  economics and existing flexib
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Q
—0o0 ——~ =0

i mportanki gfda8t s r ehef set of items that appear
ast relevant across different sector s. The r
presentative exa-thppendelnt , heccqaurgrad eggrd o ma ke e
vironment-a dietr ico na efrinr,stwhil e in plants with bu

is relegated to the backsgaroiuensd). sQOrngialna rslayt | somm
ttern. Their salience varies widely with c¢omg
entralisation and the maturity of energy managert
o vary: -Hougans evwidrhgyi nerxgprek ti Bem,dowher eas fir
icated capability mar k them as hi ght yatreed ev
wl edge support and eval usaitti estrislt o elmerdg . r at her
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sum, the analYyevel supperpsetat won. Finst, th
hnol ogical core (E4;5eE3,0rT3neatshuatesj ustuicthi eas d
enabling CAPEX and i mproved éexiamislpiaryncegvaear
ond, beyond this core, relevance is mediated
ticul ar, priorities diverge by archetype: fi
tresgprgueaeltiving contpolbcessabedifesi agdare cri
s of chemical s; and protectingr etqaui lpimmaint s | &
tecawnce operating windows is -beséedhbohous st e
t s.
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2. 4Badr rier prioritization

The companies were also asked t o iprneoad it.heee, t he
extent to which the, baamgieng affemtboWw!l eai bhi ght vy
referwheg toewilladr rieerevant wi &ahdpekden adal,d rreasnsgei dn)g

from -sédomt t-verlicdhngs exerci se allows us to see w|
addressed with thendhiwhhesht twrpgeenocfy sol uti ons neeé
Chapder

The scores were plotted in a prioritization mat
i mpact atnar mhtoirmeframe end up in the &6high prior
wi ehther | ow | mppaont tdmoeke fsmarat | mptaent matnidme fomame

up in the 6émedi uMm ptrti omi lt gt quradramtrligwmti) mpddtna
and temgn ti meframe endquwmdirmmntthe tolpow edrti.o rTihtey & e
i's showm gr aplriigaitl Bway
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Figure 2-19: Prioritization matrix for the sector barriers

Hi gphri ori t-ye(mh-ompalict ) .

Across sectors, two themes dsoimden actoerf $tihme asu hgfusacdir eem
connection capacity, | 9,ngand auwn ct e rnteasi nftoyf iaorpogurnadd |
connecai ®ensepeatedly scored as uelgeatr bficaakieomnh
entailing flexibahibyg obtenedal ovaychSecond, pro
mar ked <critical -pvdhhiemtevedevisataildnssejteopardi se out
service levels (hecommgrciAathdatda eervasive item i
of f I €xXibbeitlhi tryevenue suffici@mmyamiegsopt edihat abviilt
clearer price signal s, activation patterns, and
cases stall even when techmitceanls i oot ipo-hoscrersosuess)t .( |
saframp | imits also appesae bmeadhess quridgaat tricps

or wWehivery. exposur e
Mediomi ori ttyer sihRiorhpavct ) .

Thi s quadr ant i s popul steed orexehusi esl yankhy i 50 ol
organi sational, behavioural and informational ba
Typical examples are | imited awarenamsengfplwadratt
manager s afnldoos hoypt af f t o adopt new operating
i nconvenience of flexithddy t pr oducectrivemti @heseé ni-t
under st ood as procedur al frictions thhrad ugdan [
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communication, training, KPI tweaks and |ight pr
yet on their own they do not wunlock | arge fl exi
binding const rpariinotrsi tiyn gt uhaed rhai ngth.

Mediomior i ttyer(nm,cinmgpaltt ) .

This quadrant contains barriers from all five se
and regulatory themes. The items clustered here
expand feasible flexi-gehrtrt pr oye edmerhlk evyetrr. e giyipri & arhu
include enabling CAPEX for metering, automati or
reinforcement and revised connection topologies;
current methodol ogies peralmpd é ctadiBRRgayme gEd alkas i @
Firms rate the potenti al I mpact of these measur
delivery path created by permitting, procurement
and coordinag iom twhe hTHPSGO As a resul t, t hese bar |
to Hdawy operations, but they | argely determine t
become over the medium term.
Lowriori ttyer(m,o mhgopavct ) .
Few items | and here, and thepecihat dol aureal ypi
concerns that matter | daealm ypabuti cn eiatth em mloo c kc hre
at scale. They can be sequencedebehind the bindi
2.6onclusions on barriers to i ndi
A number of barriers to industrial cfolmgpxiebnelnitteyd
with views from the Belgian i mdusdliregcBie toghé @onfon
companliheess.e barriers were divided into seven cat

regulatory, melgawniceanalonailnf or mateilocantald abnad rci cempse

A strong correlation whBeobaerveds bt lwemelbha bei &t s
faced by th@é@&haotmpa,yiiddxaiechces exi st in Whiwl darri
iterature focuslesvenor epolini ema,craond mar ket design
highlight practical, financi al ,-woarnldd oipnep |aefmemtaad t
i ndustri allo fall dxiwb if loirt yompari son between t-he di ff
specific barraercnwenmnéehéi madee gener al barriers
Thesectspechdriroveres desdrittaed eampaannydt was expl ain
to which l evel t hese barr itehres oosceucddelvlEdh eeat rap
observations wemroev ewivsioead lilscewd fionr aa more detail ed
observations werle¢ ermatdeeichFolregi odl aand economic
relevant acrossSercudred pl @t segtamd organi zational
dependent contradictions, highlighting the need
Thi,n@or mati onal and competence barriers vary actr
sectors require differentThleseelisnsogQhkasowligtigegh
tailored flexibilityspsacriaftiecg iceosn shtarsaei@mnxtpdn.o sletc hiosv
compani es can mi tigate barriers t o flexibilidt
i nterventiosese¢ctandcalloabBor ati on.

The companies werpriadrsiot i skpetedb etfdsecbarriers th
according to Hmpaatoet. tamids td,amshee ssepgweoirf i c barrier
linked to the general -deaatrdrerco mparaild omw fTolre aa nca

some gener al barriers appear across multiple se
they are univensdlhecltsalmMeengese., A here are also o
across sectors, me ani rhg gthh aotr i o meé ybamr iosmres sarcd o
priority in another.

The anal gbghltBhgeh tismport ance of prwhettsighth &so0
scienti fiaa el ietxd reapdidrdeetdo ate sieradeeshe Oyr findings sh
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somear rhieghl i ght ed b yhitghhe pirnsdoucshtt-rggd adgsreidd barri er s
overl ooked in |iterature.
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3Solutions to overcome Dbarrier

3.introducti on

The potential for flexibility provision is very
sector faces unCequei ohalelce mgess.exhi bit a great p
other industri al processes are more | imit-ed in t
interruptible natur e of t he processes, i nterde
seasal ity convatnryaismtodwerfesdoce si mi |l ar chall enges,
future revenue sonrse,antso s tglryi df Ilgxmeltighiitsy cihmpée €tr mel
builds on the critical 1lmardr ideervse |l iogpen tai fsiterdu citrur @
solutions to key barriers hindering the uptake o
The aim of this:chapter is threefold

1. We compile a range of potenti al solutions, d
i ndustrial partner s.

2 . We eval uate the perfor mancebaosfe de aocnh sienvdeinv i |
perfor mance indicators t hat span mul tiple (
stakehol der groups.

3.By mapping individual solutions to the respe:
the relevance of a solution, both in general

3. IMelt hodol ogy

The methodol ogy consists of four main steps ai me

potential solutions to the key barriers faced by
Firswe build on the set o088 bWer rrieetrasi niedde netviefriye do ai
critical by at plaaanbedronemownedisitthieaaolonones. Spec
selected alll barriersansd tiping ledi tiyn dRhagdwRreédisu mo f
retaining 57 barri eprsi caarnidt y eanmoevsi.ngT el gooad at t hi
the analysis remains -wbobkdl yhall gngds wekpermiean
settings.

Theecositdep involves compiling a comprehensive |
barriers. This is done through a combination of
compani es. The desk research includes eaipwedew
academic research, conference contributions and
design anal yses. I n parallel, we c @lulgérc tmuil np ptl €
i ntervi ews to capture practical insi-gphbes| fioper
experiences. Note that, to the authorsoé knowled
of fers a comprehensive and sntdruuscttruiraeld frleevxiiebw loint
overview that will be presented fills a critical
practical knowl edge on potenti al enabl ers for in
Thehisrtdep involves organising the | arge number o
broader, mor e manageabl e categories. We first es
barrier améi sgll et ismhn.uti on often addresses mul ti
i ndividual barrier may be tackled by several di
based on this mappi ng, cluster i ndi vidual barr
solutions into solutirompepabonaghectes . clThet ecrlsuss @c
number of | inks between barrier and solution cl t
categorised in clusters that target similar barr
can be targetledt ibygns.i mil ar so

|l mportantly, this categorisationR, oWwhedraeg rtilke sgrdo d
was based on the origin of barriers, i . e. behav
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perspective is shifted by clustering based on tt
the barriers. I n other words, barriers are group
source, but because they can behaddappsedchhenpnap
a more systemic evaluation of the individual S0
mul tb grdrei eeinsd (ii) allows to retain a general ando

I n tohestlep, the coll eoutadd tsadli wteil Wesefvaanetat édf i ne
key performance indicators (KPls) that span mul
assessment . Each solution is then evaluated acrc
reheesbkeupeonéd desirabilitgquahniadaditvieompyr i we
capture the practical i mportance of each sol u
sectors ihhgentuat hemandi saggr-epgeadiefdi @ hiremg.h
roach consequently enables to evalwuate which
tors.

3. 1St2ructur e

This chapter i s strucBufBgedviackesf odd owser VSieecww i 0
identified to overcome barri3edsfeosi mouet diealai i
rationale for the clustering procedure. This sec
be targeted by similar solutions and | in&s4the s
evaluates the respective solutions, both qualita
to assess their pracd.iceoanic liundpeosr.t ance. Secti on

T — OO
O T —

3.201| utfioons ndustrial flexibility

s section provides anfower ndestiodeanthiefl iked btstbrl
desk research and input from indus3gdladt ipanmd,neagas
of which addresses -athi peraotr i yiabBriepi esnent s an

rview of these solutions as well as the key
furthermore indicates whether a solution was m
[ ustr i aFi gpBalretan ergo.r i zes t hese enablAesr sdipsecru sssoeldt
Sect3.oln. Wwe have grouped individual solutions int
provide more details od.;3lHiog moawcedar ¢ si suSé¢cri e
categories and individual solutions.

Starting with a gener al description of the seven

T Compaingternal See8éedDsran be i mplemented withi.]
andarget internal processes, Thmdynudtctourcassc aard
organizational conditions necessary for ident

T I'nfrastructuséSeao8e8nhmhewtol ve upgrading or ex
and digital assets. Examples include i-nvest me
site storag the electricity grids, or adva
solutions o renquicepistiaghidutcaocan uplfawy ar

e,
ften
enabling flexibility.
6ndgmn
f

T Market {@&sec 8f essruotur al changes to el ec
i mprove ease access and financi al i ncent i
encompasses measur es such as adjusting prod
signals and simplgdiyi emgemptasti ci pation re

T Market roles and( fecPiodsd bmiviol viess al i gning th
and obligations of the wvarious actors in th
agreements and contractual obligations, as \
measures aim to facilitate Imower setmraheact panmnt

f I'nformation andt raavae gSieeess3s. Yn S5ai m at i mprovin
knowl edge base and understanding of i ndus
stakelol dai s can i nvol ve targeted communi c e
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practorcetshe prnowvilsrdamspbrency. These efforts
better understand the value, opportunities, &
T Public support (BectBad@inc®mepr ipsidcs i nstrument s é
funding schemes designed to support industr.i
ri sk. This includeanfjeasnitlsi | ittax sSthhweinegs veSuch
to | ower g,p#fdreosnkt icnovsetst ment s, and encourage a
T Regul atory and (ISegddi.dn &if ovraonl ves adapting st
regulatory frameworks to create a more

This includes grid tariffication, streaml

|l egal requirements wilihythe provision

|

Solution clusters

Market roles and
responsibilities

Regulatory and
legal reform

Infrastructure
investment

Operational guardrails

Pooling resources

Tariff derogation for flexible
industries

Grid reinforcements

Risk-sharing between BRPs
and FSPs

Grid tariff granularity

Behind-the-meter investments

Flexible connection agreements

Production and/or buffer ca-
pacity

Aligning supply contracts

Model agreements

Improving permitting proce-
dures

Plug-and-play IT modules

Energy efficiency guidelines

Public support
mechanisms

Forward guidance on energy
policy

Standarized communication
protocols

Multiple BRPs at one EAN

Subsidised feasibility study

De-risking mechanisms

Market design

Company-
internal levers

Renewable energy pool

Direct support

Clear product definitions

Incremental investment ap-
proach

Soft-loans

Product standardization and
harmonization

Energy procurement strategies

Tax credits

Product design adaptations

Internal shadow pricing model

Simplified and combined pre-
qualification

Integrating flexibility in strate-
gic plans

Information and
awareness strategies

Enable value stacking

Structured feedback loops

Enhancing market transparency
and price visability

Appropriate baseline
methodologies

Aligning company KPls

Aligning employee bonusses

Clear settlement procedures

Training & information sessions

Sector-specific awareness cam-
paigns

Showcasing

Adapting scheduling practises

Flexibility risk mitigation
strategies

Figure 3-1: Overview of solutions, categorized per solution cluster.
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Table 3-1: Overview of solutions along with key references. 'Partner input' indicates that the
solution was proposed during the interviews held with the industrial partners.

Company -internal levers

Integrate flexibility in strategic plans and

investment criteria tize - [fLzel. 1350, [1
Integrate flexibility into internal metricsand KPIs [ 1 28] , [ 13 2,JpartnefidpG8t3 ] , [ 1
Aligni i .

gning employee remuneration andpfriigzggl; [ 43] ., patriesipit
Adapt energy procurement strategies [ 134], [ 136] , ,paftr@rdnput [ 1
Internal shadow pricing model for flexibility [ 136] , [140], [141], [ 1
Mitigation strategy for flexibility costrisks [ 6 1] , [ 134], [139], [14
Incremental investment approach [ 1341, [ 13 6,jpartnefidpdt1] , [ 1

Structured feedback loops betwegg p:;nrfmagtnetg [ 3.@drtner input

Adapted scheduling practises [ 134], [139], [145], [1
Training sessions and communication [ 43] , [ 6 1], partijedirpodt] , [ 147

Infrastructure

investment s

Grid reinf[148], [149,] ,pdrltsrogr, i[nlg
Behttnhdeet er i nv |[94], [ 134], [152],, |[plak
i nput
Production and [61], [146], [ 157]par[tlne
Standardized communi[ 43], [ 71], [ 93], [ 132]
demand re[ 164]
Pl vagh-gl ay modules for [43], [147], [164], [ 16
Mar ket desi ghn
Devel opment of cleeg[43], [142], [ 14,7]par[tlnee
Product standardizat [ 43], [91], [ 95] , [ 142]
Product desig[43], [80], [147], [167
[174partner input
Si mplified and comb[146], [175], [176], [1
Enable valuit[175], [181], [182], [1
Establish appropriate ] 43], [ 80], [167], [ 186
Clear settl ement meas:!
proced[sz]’ [186], [187], [ 18
Mar ket roles and responsi bildi
Pooling resources:[43], [61], [142], [ 145
management[ 192], [19B4drrt hdP4ilnput
Ri sk sharing betwel[ 142], [ 143], [169], [ 1
partner input
Operational @Quwardl aiulses|[ 43], [59], [61], [134]
activations and[200], paeofher input
Aligning supply co[43], [147], [171],, I[pla?
partic input
Model agreements and s [133], [205], [206], |[2
for flexib
I nformati on amsdrawa&mgemreas s
Enhancing market transp [146], [ 208, ,pdr2t0megr, i[n2f
Showca [ 54] , [144], [ 1g&rtndgr2li
Secispreci fic awarei[112], [144], [176], |[2
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Public support mechanisms

Sodba [43], [54], [213], [214
Taks ¢ [54], [213], [215], [21
De-risking mechanisms [ 43], [ 170], [parthedihput [ 21
Renewable energypool [ 22 1], [ 222]
Directsupport [ 431, [134], [212],,parrern
input
Subsidized feasibility study [p216], [223], [224]
Gri d gtraarniufl [ 59], [147], [1721], [17
partner input
Derogations for [59], [60], [229], [230
Fl exi ble connec[231], [232], [233parfa
Energy effici [54], [144], [28&Qtn¢nr3
Al'l owing for multipl [240], padfiher input
submet
Streamlining per [149], [204,] ,pdr2t4mer, i[n2f
Forward guidance [43], [171], [1B®Qitn¢nr4

3. 2Colmp ainnyt esronlaut i ons

Il ndustrial flexibility does not begi nbufltietgh nmol i ¢
inside the company. This section presents a set
their own operations, governance, pl anning, anc
barriers to flexibility.

The solutions discussed here spanl evheel fsutlrlatiengtye
governance integration to operhagrioomal cpalpamcmnit yg bp
They reflect concrete measures t hatf exmpamiads po:
shi.fts

Wegr ou@mpamyt er nali rstod wttu sothesr s :

1.Strategic and gover nEmkeddinnt g gfrlagx iomi | i ty int
i nvest ment criteri a, i nternal KPI s, and | ead e
2. Enabling finandiiaglnilnggipcr ocur ement strategi es
i mprovingciomowa lclwedt i on of flexibility.
3.Feasibility and i nvedsmegt stepi sBessi nvest me
feasibility assesdsmant mgntaanld «coorsdi nati on t

projects.
4 Operationagr atAidampt i ng schedtliinreg,r esmpamlsiivg nre

fl exibil,ittsyensgitghreanlisng 1 nt er nal icmmpdabreduteng
resi sagaicest f | exihbloamghpdratiinamg and inclusi:
Toget her, these strategies aim to shift flexibil
an integrated part oft dadram | denamibein@t i ons and | ong
3.2.0IIhtlegrate flexibility into strategic
I ndustrial flexibility is often approached as a
a structural compondnutsi okessosgrategy. To move L
compani ed ndtregulad e fl exibility explicitly into ¢t
criterTiha sremeagdilzixigpil ity not only as a way to r
to price volatility, but al so as decambhaonibaatoiro
operational resiliemtce, and risk manageme
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tegrating flexibility into strategic framewor
exibility is included i n cyeprorianve thrae gty n o ad
stainability strategiiiezé¢di f obeaaeameée®nar at her tl
. This change enables internal teams to fr ame
eturns, but also in tertmesr nofs torbgeteecd iicEooers riinbsuttainoc
ompanies may béoihgetopavyibapk periods for pr oj
nteraction capabilities, or they may start t o
mproved customer reputation, or enhanced energy
nvest memt rdid eissicman be adjusted to allow flexib
ith efficiency projects or asset upgrades.
everthel ess, the integration of flexibility 1in
here is a risk that flexibility is metnhtriooungehd sy
o avoid this, strategic redaeaqmrmi trieosnpomwsdthi bet is
|l l ocati ons, and i nternal processes that ensur e
hese, flexibility remains marginal in practice
ocument s.

3. 2. 0IMht2xdlreaxtiebiihi ¢ ymed In i oksP lasn d

en when flexibility is ackdewhetgaedamtsi,s tirtatodd
mai ns di sconnected from the internal metri cs
rformance evailnucaltuisoinoon Wint hkoeuyt per f ormance i ndic
nitoring framewobks$ity projects struggle to ge
d managers focus on what is measured and rewar
rformance tar getps,i oirtiniigleadnhi kgl ystafbeng, or
overcome this barrier, companies can begin b
dicators. These do not require active mar ket p
ogress. Such indicators mightblienctlhurdoeu gthh ea usthoam
the ability to respond to a flexibility acti
eate a baseline from which to build and i mprov

a more advanced stage, flexibility can be in
ample, an energy manager 6s objectives might in
ses or the delivery of fleximahaggmertr vilkKBks |
panded to account for avoided peak |l oads or peé¢
is formal recogndeparnt meeunnppad r tasl i cgrnorsesn t and en
comes part of regmd.,arr atplteerattitosmmml a pgeaminpher al

wever, care must be taken to design these metr
each site or process. Rigid KPI frameworks m
ampl e, flexibility is pursued oaigetmeebtkpense
fective i mpl ement at i-besitghherled towee nr egme r gy, cpr
nance teams, as well as transparent communi cat
w indicators.

3.2.A1l.ix3ning employee remuneration and f

igning remuneration and feedbljckc thiewg®esstescwos
e gap bet waenbhi ®inaa toepgeirceetailiotiyh dust ri al flexibi
fecemved,gddad must be s udpapidleyt iesl i dancst tidoftndse mpl oy ees
volved in production, ener gy Whhaeltahgoesnee nrte,s paonnds itl
r i mpt epoeernctél e®gabi hi sgurce of risk, disruption,
rresponding recognitiionne voi.rt @belercair dp o rrteasn ts t lasmwceer
is issue I|ies in aligning flexibility efforts
c

forndiveduaw and t eiaomspce rf sowrnrarchecl ea tei voanl

Asichs essing this requires morre ssi@gheness; t e
I s
ility.

han
c al
exi b
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Sever al approaches can béarbvaken. t ®re sept iodn pieg
i ndi cateds in staff evaluati ons t-roeliantce du diem tciovnittr
paraduealli,tative feedbBach mechegiusms debriefings,
|l oops, or recognition during team meetings can |

resi stance.

tt
mannerSt aff mu st under stand th
objectives, and how changes to the reward syste
positioned as an additional bu

O ~"T®O0M®®»O — T —

~—hT OO0 W WOTTOM

SO Y SO0 O T oL

T O TMI< X TTT OC S

al | cases, it is importan thas pamuemt chma gies ¢

e rationale for f

r dbeyn , b Hbgua n iazsa tai csrh a
3. 2 .Ad.afnteregy procurement strategies

ergy procurement strategies play a decisive I
exibility, evewaWwbenstpekobdboanghiyt i ag@eodr spot
ether flexibiligtrybdilancfingsesdchtvhceadRProrf omFRR
her purtplosesnderl|l ying procurement approach det
eedom, financi al risk, and coordination bet wee
e riequitd,al oredi sal i-pved wiptthasi baes, they can d
nafleribilidyegatdlivas s omf its technical feasib

g energy procurement strategies does not
ol atility. I nstead, it is about designincg
r flexibility, avoid wunhneecesmmatryy Opse nfall & X
n This can take various for ms. Compani
|l erance margins for |l oad deviati ons,
tes, or implemehtocatersat plmes haol s mes
n diverges(ftr gmsimod letteaacateidom)evel s

, energy procurement strategies can
se for flexibility by enabling the st
ng i s both t ecbhynitchad | o/r, of aenai szipaht hi @oena n tha
ure a portion of their electrieity th
ietbakposare or suppl waaamatbrl &ctrsatwist. h Whi
i s not st riiccitplaytf ilmeexciebsislajrtyy tfpora dpuagtid a n c «
erall financi al retFornecfamaol £l exi Biiltiet wyfgtemr ate
RR or mFRR may also be able to reduce energy p
|-mwieced hourasheiand tnhaer kdeaty. I n such cases, the ¢
ti miamd iroenserve mar ket remuneration can signif

3.2.0Impd emenérnal shadow pricing model s

ti matfiingauelieak of flexibility is essential for
seé&Ssh.adow pricing models allow companies to si
ovifdli eiyisbheyviwicaeadhout needingttmeemgalgetsn MThabe
ovide indicative values for flexibility, base
sts, and operational constraints. Whil e not i
ructawr eedo vassess the pot-ehts adf beloenti blse aopet at

adow pricing exercises offer a pragmatic way
mpany might simulate how shifting a drying or
uld have affected procahem@énpricoisngn atnievealr yao . (
nal datbhaehcawc pubde s used to model t he the
ci phex mair kiFthggese si mul ations can also be ex
rs, such as the effect dal bowdnBwgesimhéasr pornal

e
t
t
S parameters, t he model s not only esti mat €

t r
r i

cto
ese
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operati®on@e. gi sxkroduction | os¥)nandoafsftirai eancy tdhe
affecwornledalperf or mance.

The devel opment of such models requires a good

condi,t ifolnesxi bidnd yt @eclrdiuc&lerpmangs cognpani es, thi.
compl ex oOri nrteesncsu rveee Howeverc,anerxtseasrn sdl i $u pbpuoirltdi
shadow pricing tools that reflect the specific
profiles, and mar ket context. While the results
precision: they enaghlaemtiféeckidbalkbtimpasesded al ong
conventional i nvestment opitmoufsf i ciadmtelsypy edafhian & o
concept.

By embedding shadowtpgecpngj entoasaebgments, cor
a mor e mat uraevamed peir spRective on flexibility. '
i nvestcrmsret for flexibility investments and hel ps
dynamics osfi ddee npaanrdt i ci pati on

3. 2.0Impd ementgationflséexiabelbgkyor

Partici
new typ

pating in fle«indigdtéantnaadk efvaesvt enfdtes @ nil iyt r ¢
es

i mbal ance chargesdelpienad y,i esr fomf emromseen oper a
me
;

of cost exposur eanihbeuwnec ecrginacitinaic,yy @ sl e i

toi
procur e nt ar mppamdteme& nbasi MTess case for flexibi
consi de devel oping internal strategies to anti
ri sks.
Even -wesigned flexibility projects can become fi
properly managed. Il mpl ementing a mitigation str e

relevant for the site or assetdiing duwevs tfil cerx.i bT H i
interact with grid taarfpiingfecotcioneshédegegs) pesaup

maxi mum deviations from contracted vol umes, e X |
i mbal ance )s,etandc mmat ett i par toibl i gati ons (e. g. re
accuracy) . Once these are mapped, mitigation me
|l i keli hood or i mpact of negative outcomes.

For instance, grid tariff ri sks can be mitigat
triggering new | oad peaks, or by wusing internal

to spread consumption changes overcdad mehr dudhal
contractual aggregation with third parties who o
forecast deviation is a barrier, contracts can [
i

nt ernal pl anning prdcaessabiganebhpecteédnednsompt
operati on.

deviations from expacttiewdata toeni gradidifemstv ep gt t
gdamresi)ntroduce di sproportionate costs. Witho
equation, companies may find themselves exp
producti eutcomes, t hat can discredit flexibility
resistance.

A potenti al pitfaldl is to assume that flexibilit
smal |

penal

t e

> o 3

By proactively identifying and addressing the ¢
companies can protect their financi al i nterests
viable part of their energy strategy.
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3.2.0In.ckr ement al l nvest ment approach

For many industréapi calmpaxpeamdirtelded o enabl e f|
a key barrier to implementation. When fl exibil
automati on, infrastructure wupgrades, or new equ
from more famiatléelay mmofiimmehllie projects. To overc
adopt an incremental i nvest ment approach, i n wh
smal | err,i slkowetreps. TPElgiys adtl agvsad cotmpami es t o test
cost over time, and generate esachleidepgbymebtefo

An

e X
it

ncrement al approach helps reduce these barr
bility devel opmetmotahtihneg itnhvaens tamentn.gl ForaldXx :
d start by automati-nmpactl i mitdicerglg onmuammbuedrlo odf e nha
o]
i

(@]
o

nsecriint i ncoan processes. | f successful, t hese
idence and internal |l earning. Over ti me, t he
s flexibility poteinntiiads, rermddica&d jtwesthni ttal p
ved performance and mar ket devel opment s. I n
i n supporting elements such as procur emen

(72)

t

3000 =
O>5 ®OoOT™Oo M

rement al invest ments can also be structured t
ntifying-cnoosdtu luaprgroarddsow hat align with public
grramsompani es camaprietdaulc ee xtpheenidriwvhuirlee csotnitlrli bhuu i
n
I
;

i ngful capabil i tpwar tlyn sseormei ccea sperso Vv itdheirrsd or
i rignwestcoin exchange for a share of future
ont capital requirements.

3 Cre&dte structured feedback | oops bet

flexibility implementation relies not
n continuougal e aatirougc taucrreods sf etehdeb ac k |
ts impacted by flexibility initiatives
chall enges, and adapt internal proces
rom piilsortwispt iogpresr,atdroneaMoldvi ng mar ket pa
d into i nmpr dweemeagmt, s-nankdi pdgeacr rsii m n

—_ S = —

g structured feedback |l oops means goi ng
nall consul tation. It i nvyeoiltvheesr etshtracbu g hs hdi en
s, shared documesivacitoopnaystwweeim&y agt gamap
producti on y management, mai nt enaeé
s about the functioning of flexibility
on of wunintended side effdcttsy,, dwmeeh fdxire
ation, or misaligned incentives.

-~ nWo~=9oo
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welbhctioning feedback | oop also supports a ¢
erators and other frontline staff have a f or m:
ey are more |likely to engage chastregxpeviéegce
form adjustments t control strategi es, sched:t
reover, feeding this infor maotrigoam i et kfounmse st r a
vestment prioritiedighterwamirilsdieteIxipretreremeale . KPI s i

—z——~0>» o

0
[
3
mor e mat ur e setups, feedback |l oops can be
mance indicator s, activation ve sam@thseaneor d
departments. However, ther gpasit zda tspca nptl B mte

ten, reflect, and adapt. Wi thout a mechani
ts, and flexibilitytdayl sptoabeoome embedd

stablishing structured and recurring exchang
ibility i mpl ementati on mor e robust, reduce
ni zeantviiornoaniment where flexibility is integrat

- OO OM®S S O TT

O ™W T T —
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3. 2. Adapted scheduling practises

For many industrcihaldultibenggaat eshe heart of operat.i
when processes run, which teams are active, and
ti me. Yet i npprmaautct cases,chedul i agtiiihzdee sggpatd, t
resource efficiency, ,wirt hdballti vaecrcyo urnd li ingbifloirt yt he
energy flexibility. To enabl e meaningf ul flexil
practices so that t hey can resmpond thee@é&fnemwgy h
compromising production stability or internal co

Adapted scheduling does adafpt aeca®ader iplryi crme avro | fau
can ake mor e pruacgimaatsi ccrfecartmsng scheduling windo
wi t n a defined range, integrating flexibility
[ |l eaders the authority to activate madyexi bil
e using-ahemdc pstiedcsday bal ancing market S
s in the plaenipmrgppdprcocesns.pr¥Wbesses are h
s to scheduling must be tested for their i
ipaelr smmch ©&@ver ti me, however, companies can
ions under which flexibility is possible,

—“DQo —~ —~

er af sl peexsithh eedl u Isihneg coor di nati on bet ween enejl
i ng Thteeseemsf uncti ons i ar emasigpacradgasrdi zaeaheogy
deraenbas bhaefytpeipgrttubeesthedul e has been fi xe
gap requires new routines. I n certain cases
i ngf ars iwedtlance, by schedul i ngeneomgyit men dur
$ gbr emmaerrkgeyt pri ces.

~— >0 —3>S O

potenti al pitfaldl is that too much scéedhbl asg
equent rescheduling or i ncrTehansseyd gweonrekrlaotaed rfeosri ¢
d reduce truBheisol iftei asfplesetxeandt.ioh nt ynput ,moot schec
overriding goal, bapt iapie mé ramanmed ewi tt thian
ss objectives.

TCO® P> VT FOT P> O

cwn s
")
o
S5 o
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2. Tail®ing se@ssicomsiuni cati on

ing industrial flexibility is not only a
s internal under stlaeaida nigoeuasdilareesd . | Magqya
S encount er ed,siurc ht hes GAhlelrlaE@ rp rejsd stt anc e,
amo enaikseirsnc ept t owamds a,sttemaneidomot from t he
i nf bility of flexibility, but wirtohm fulnecxeirbtial
Targeted training sessmmosi aadi sanebtbpétdo bridg
gaps and ensure that etbgrinldie biutpyp obréd eamed @agnent o
operations.

Deve p

requ e

barr r
n d
e

(7]

Trainingshdulod thse tail ored to the different audi
and technical staff, t his means focusing on the
behavi omual ity standar ds, and troubl eshooting
coordinator s, the emphasis may |l ie on how fl exi|
wi t hout compromising delivery or safetiyghFfot hesen
strategic relevance @& arfbhomnxiidpadtl iidings,k intist i ga@lt & om
conditions under which it adds financial value.
flexibility is, but al so what it is not: it is n
with cor e oobpjeercattiivoensalwhen properly managed.
Communi cptages a complementary rol e. In the abse
flexibility can be misinterpreted as a distract
dashboar ds, or short debriefs after miolrontalprze) e
the discussion. Companies may also benedfno from
matter hootw simallustrate that flexibility is achie
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key risk is to tofefatexterraciinsienng Kansowd edge ar oun

agmented and evolving. New staff j oin, mar ket
ilding flexibility |iteracy reagqumumecant époat & dt
an a single intervention. Wi thout this contin

eptimay ssmerge when future projects are propose

3.2l.n2f rassolat umoe s

alising industrial flexibility at scale neces
frastPhhyst cma¢. and digital assets must be in pl
mmuni cation with Thtilseri nmduldets partthi eex.t er nal [
e electricitysigredsyatsems,l | swacsh oaas fl exible p
ectrical storage, and buffer capacity. Equally
terfwdda h systamdomerkéorpl atf or ms, such as dat
andardi zed mar ket access modul es. I n what foll
rn.

3.2.Gx.ir®i nforcement s

O T S c

id |Iimitations have become a signifdi uaseirsghal
eues for new connecori darmsei awigi mannmgfr g rRc3eBiSeervies a |
dustri al partners flagged | imited hosting cap
exibility provision. Gri d -treerimm f 90 lcletmeon st ar &d
all enge. I't directly imddnedsadeshadtei ngnteagpadi
esspgrades will take time and are currfamdly col
rmitting procedures.

e potenti aflotrs@alnsmi esi 068 and distrtidoui oonhtisye
inforcements that enable connection of electri
awbiasxc kt hat this wil.l depgrisndeds seandcvietst meht L
stem opefrfad omanay e t heddlsecruardreent |y pressing g
mitation cannot be addressed by sicrofmpd stmrend taurye
otretir m measures, as wilB. Be7dBscussed in Sectio
nal | vy, ités worth noting that industrill flex
operly integrated into congestion management

exi biliftlye xmdink é¢tegl,buce | qgicadr gase IBagteissg capac.i
e need for grid investment.

3. 2 .Bx.hdtnhdeet er i nvestments

dustri al sites may be technichliimiyt atniadh £eitm @
ectrical i nfPrreodturcudtomnr eprocesses may further m
i,lortyel ectrical constraints such as voltage an
em from being wutilised. As a result, ot her wi
explored wit-Boue uppgpgatded. on

hi-tnldmet er i nv easrtemmevnetsst ment s i n el ectmuichalasi nfr
ttery storage orSepvcewearl dlinedatdriagnhidcisgmarctdneéhst i
power ébkepbtentcally required to mainttain pow
feguard equi pment or comply with the grid cod
nd, camrevseguadposes. They can be used to partici

5The European Grid Package (expectped0ODpL 2026) may provide some rel
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rvice, mamldetpendently from, tlkeeprtohhadictgihonl pe o
tentially greater when intBagtat edfsonc odx af nhpelxe |
creasensempt isan eofr ecmnewabl e generation by stori
duricogspenplk eéions, and consequently saving on e

s Bast.t edaelsso support i ndos @inagl fhrekoebsdarssy ance
arging or di scharging to help meet mar ket res
ocess itself cannot adjust sufficiently fast.
pital investments as wellt haisr ceadmoimi cmecihalni |
sessed -bmaasecabsaesi s. Sttihhelet erheéseelsememds can
hance the technical and econowiage pfolt @enitthiall i toy.

OV OT OO T ~—TT W’
S0V S TO0 TS OO

3.2.P2Z03uction and buffer capacity

A common barrier to itnidghktré¢éabuplfiilrxibétlt wWweegnipgr da
Of fering flexibility in an upstream part of tt
downstream operations. Il ndeed, temporarily paus
|l eave subsequent units without ffeetdrsitalcksi tAedi 6 p
their production | ines at or aealrhifsullle acvaepsa cliittyt
upwardly adjust operations alnmdv etsot memnft sr i dho wonuw af r
producti oncamaphheligyaddr egesthese challe

Buf fer capacity refers to intermedi ateeosatporage ¢
an exTheérmst i s not feasible for all processes beca
are not allowed to cool down. Production overcap
to operate below their nominal ma x i munt au nrdeemp nor
up as needed. Both solutions c¢ amhmentleorc ki nfflreaxsitbriu c
are capital i ntensi vearamfdulnuys.t Tbhee assiszeisnsge dorc bt
production capacity is not ttr lhbsuisailn easristh €ragsqelpicreess
dynamics and the expected duration of flexibilit
mechani sms offer a robust approach to introduce
reliability and output targets.

3.2.S2.ahdarcdimmachi padbt onol s for demand r e

other frequently <cited barrierhtghihduefrfioatk
mplexity involved i n isnafetgwdrtadt . r Madn yh felxe xir i
hemes geqguri e edata exahmegeoammdni cati on with s\
aggr.egatondustri al companies, these requireme
d resotrasi ve. The |l ack of standardbwyadeprot o
tegrations that are difficult to scale or repl

—“®0owo >

< O®OD®>SOD®YT 5500

troduction of standardi zedncosmwsriandtiiadrd yprla
iers. By using interoperable format s for |
fication, these protocols can significantly
e tahnneshelad | boar biunt darlreslos gsaul papboi rl tist
ence on proprietary siyagrimsor nht '
rhees baimrd erne dwnmonmisn d ovsdbéaebufhrd their

nw un - 0<<TH

Therari sk that standar di ssdtitieathsl eappriosacholt haw av
operational diversity of industrial sites, resul
needs. To avoid this, standaftiopeataonoshosbdebal
system operators, technol ogy provider s, aggreg
authorities. Whi | e i ts i mpl ementati on requires
standardi zation dads toladccteher ppeentnidustri al p
response.
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3.2 .P2.vndl ay modul es for DR mar ket acces

Pl vagng !l ay | T modleurheaersd froadDRomasrek e(t Ppacoedsse a seco
option to address the complexity and resource d
Pl agh-dl ay | T modules offer a practical solution
hardware packages designed sippeactiifoinc.alThye sfeo rmolDdRe Ir
the technical onboarding process and require mi
specific industrial process stéltoregedurcestéakefa
i mpl emebuatdiean On the ot herbuhiantd, mordeulligaknncdeo molnd p
|l o€k or | imit customization for highly speciali z

3. 2Ma3r ket sdoelsutginons

El ectr i cidtey ipmaarykse ta p iiviotteachfglreoxdieblienfresmourAddst ry
potenti al mar ket segments which can deviagirgr get e
whol esedleect macktegmsci | | ary | meavaces, ,sedmndesneindn
managemeodfior s TSO ammddapR@ ity remuner.ati on mecha

1. Whol exdlect maclstttaci | itate the Espéec¢cinagdaoy tehec
ahead and intamdaympamnkdftodremssong FeéerlbBctrici
consumpnidoem pr odwectgiparomi sing the production
profilasbbtrbhyiemermey werinces ornkeetgweermr miletr i

2. Ancill ary hsedmpircteadi n grid stabilitFl exnidbl epe
resources cansprovodtgd8@®mMegeturn for and el ati
predi cstbalbloe veefnu e

3.l mbal ance spertotvliedreesnta f i nanci al incentive to

( BRPs) t o sti-alke ado ntohneilima tudsabym $ .a | pl ayers <can
capacity to avoid exgesseratepadditi esnadbr revenm
correotthe i mbalance price signal s.

4. Congestion manageankdrtlecseealtvwaroensg e byyi onor di nat i
injections and withidkeawal $ aofy ekevirciesity.hes
stabhd prediocarakl ef revenue.

5. TheCapaciResmmuner aMacolmani sm p(rCoRéM)dnec es tfiorve t he

availability of gener-atdenreapaccey dodi dgmp
system Bheyssemuneratbei pateexipaihdi tures reqgu
pl ayer s (tloedwgrladfdlken) bi | i ty.

Toenabl e mar ket parties t o effecti vekxibbhildt
mar k/iemmesc hantihsemsprgdtucts need teachhd todfesfei rekdnvfi @re s .
addition, it is importanphdoEscudveti nhteapledses en
di st i nguiesghueadniPfrioccautridaneinha et t | ement

Adapting thmaripetotddiedgiatngd procabsesedone byitchangi
desiagn ritwet ensain el ecdesi@agny ichoant didevi ded into pr
charact erpirmeEictnsggniasms t raadiamge ment s

1. Product characteristics

.Mi numpbi d si ze

.Ener gy and capacity requirements
.Delivery or activation duration
.Activation direction (upward/ downwar d)
.Frequenactyi vdt iaon

.Notification ti me

.Symmetry requirements

.Ramp rate requirements

.Geographical restrictions
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] .Technology restrictions
0

k.Aggregation rul es

| .Di visibility
2.Pricing mechani sms

a.Avail alicltiitvlmtvo®n remunerati on

b.Mar ket meeamainngms

c.Settlement frequency

d.Price caps and floors

e.Penalty schemes

f .Baseline definition
3. Tradangangement s

a.Gate closure ti me

b.Trading period
c.Trading horizon
d.Prequalification arrangements

3.2.D3*wvel opment of clear product definit

To ensure that industrial flexibilityprcoaducetfsf e cf
mu st be defined i n a way t hat i s understanda
i mpl emerbtyabal ebr oad range of actors. Clear produc
transparency, comparability, and investment conf
mar ket participation and einscaredihgti pouvceani al c
assess ex ante whether their flexibility matches
To awambd gquiptryoduct devel opment should begin with
Flexibility products s homuduwt rbael dvedy,n eedn siunr ian g etchh
capabl e resour celshicsanr ecqounitrreisbuetaer.l' y consul tati on
i ndustrial actors to incorporate their operati ol
design.

As the same flexibility providers could potentia
too many di f fceornepnatr adbdi e mpaomduct s. For these serv
consider existing products andtiansecsosul wh estthaerrt t
existing ones. Specifically, for these products
requirements for the product definition.

For system serci emwr owphepgaroa@di@fdoi ni ti ons ,swecheas!y
congestion management ofiibréampbrvanpower asspper whl
products can serve as a sSstarting point. At t he
overl|l appi-ogmmar anlolne products should be avoided,
aggregation acrossisi regguor edechnol ogi es

Congestion management product s, in particular,

i mplications for industri al participation. One

| ocational information is incoopexasedngnmar kkes
t hral anci nngheamddlagtDur i ng mar ket <clearing, the g
eval uated, which may resul't in the selection or
also on their abikiongesboioerli &hesometahoddcan pr
mai n mar ket b sthandaredqiuz dMgohocati onal ,dapacial tym
in aggregated bids that pool flexibility from di
A second modkeased madkepatch, as I mplemented for
in the Net herl ands. I n this setup, the system
adjustments in real ti me or intraday totheliev
technically safiftiadilentand cost

A third option is the development of a dedicate
needs are addressed through a specific market p
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l ored to the specific charact ernidsutsitcrsi adf plroocv:
a

(@]

continuous trading platform, where |
sed on clearly defined criteria. Suc

—_

access new revenue stream.

3.2.P3oxduct standardi zation and har moni z

commonly agreed approach to product definition
rticularly for flexibility serediaded meyxardd abral
nef istt aanmrdobamr dnzeatabnves | i ke Pl CASSO, MARI and
congestion management or voltage control, are
si s, | eading to inconsi stTehnicsy firnagdneqitqan i and ct
rket participatieasapéoralhdushosal opetatsng acr
coll aborating beyond country borders.

st | evtednaodr ¢gomllthiceansi st of a product templ
butes across all services. These attributes
dur ani on, and remuner ati on structur e, sho
nol ogy and units. This approach | eaves roon
e values appropriate to I ocal grindgdrrasds,g w
administrativetibairpemt $.o0r mar ket par

r
roi
i v
mi
i n

(D—hqr—t-.—c-—h

DSOs, wh o typically-sppet ate envimoormenao 3t e
ndar daipzpatoiaccrh may be more approphaameni zHonwe v
mi nology and structufe.ganfoedocoempanieyg wat hi
ferentet vVDISIOkTh e use of a shared framewor k, C
umentation and publishing of product par amet
war d.

=0 =S Q@ =

summary, to avoid discrimination among mar ke
oducts should be defined according to a c¢ommao
l owing national / regi candaalpviemdpuleesmd rotratcieon atin sdlt
| evapeci fic attention should be given to avoi
too many different products, while stil!l | e a\
e need foritioegsghpi enpbecy fabD&EOfleerxi bility service
manadi |l ored prodmat pdefi outibonsocational circun

3.2.PF¥F.olduct design adaptations

addition to the need f dar mbefarceenmperwomdpuiasti, fdef i r
aptations t o product cani gai gohdr aca@atnariysti mp
cessiolfi leiltewtricity mar ket products for indust

ocesses face physorcgaani zagemiom@amil boak, t bat mak e
mply with rigid product specifications. By ad]j
d regul ators can | ower entry barriers, enablin
concrete example concerns ramp rate requiremen
exibility provider must increase or decrease
tivation. Hi gh ramp rate requireimelntfsa cialni thiee ¢
nnot modify | oad instantaneously due to proces
mp rreagtuei r ememmtrodaurci ng a tiered remuneration sy
t still valuable responsaec, |l taulydskeroades aod
stem participation.

ot her design el ement with major i mplications
erdguyr ati on requirement in capacity mefcihraend s ms
pacity can oeybetaari ncounpt rtact 5 whil e i ndcwdtiryi al
ceivegeabpneontracts. I n additiomstDaRniesd E£MUJsu ra

inly valued for support during short adequac
ntribution +thaotumerdett hamrr mul Tihi s ebiassaeddv ainnt daugsetsr i
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xibility that requires CAPEX (for example buf

anced reform wodled mccrmmmitmeacrhe dwipdnaces DER i( h v«

mple three to fi-awayearsenumwét &t idaar.atTlins wou

enue certainty, reduce investmeen dieslagdand
ssppleycapacity while aligning incentives wit
l ong scarcity episodes.

e

I

a

v

d

d

nal laydj ursitsekd penalty design is <crucial for i n
stakeholders report that cdetenmerpenalkt gexsessgcuiv

nary, di scouraging them fromodoteEngngot e nman

nalty ,scgbémas graded penalties based on devi a

me participants, or variabl e penwbuld pmakel e

rticipation more attramtiivmedus3udhladjluwrsytemen tpsr

eir raskumatreleyluaadt he perceived financi al d c

exibility markets.

get her, these targeted product design i mprove
prove the business case for industrial flexibi

3. 2.S3 mnhpflaed conporiengeudal i fi cati on

Current prequalification processes f-oonsumkngijl.
and fragmented, creating a substanti al barrier
designed forscaheradbiremtt ivlaildly adapted to decentr e
industrial flexibility. I ndustrial actors face c
services (e.g. freque y containment, frequency
and buyer s DSTCS0Os. md Bat gi empreegualification tra
ancillary services, i mplying a duplication of ef

q

30

To i mprove accessibilit
st ndardi zed, and better aligned across ser vi

[ u
c
recommendations are (i) introducing stapdaerdi ze
p
m

y and efficiency, pr e

a
c
services wherever possible, and (i1i) all owing
Standardi zed prequalification measures would i
ocesses for mul tiple servicespuwternruovkeudéeahni
ta submission process, shared testing proced:
lidations across services and ayshetm bDpeprequa
e ancillary service, it should be easier or a
rovided technical compatibility is confirmed).

Il owing prequalification atiyftt wbetbgregapedt pobl
ather than each i ndilwiedeuta lp roondeu,c tc & seeqoua llrheeneetngt Ksie
requal.i i cladmegwmh evtotuked net wor k can handle activa
onger t m, grid prequalification coultd ®rerepl
e t r

1 i n ated in procurement or activation pl a

Whil e si
compr omi

technical standards while reducing entry barriei
reliably respond within required timeframes anf¢
ch
s e

i fi ctah@uoanl ihoyl dosr vraelluiea,bi hbwul df nb6t e bE

h
f
e
e
mp |

§be objfecthaweséesendly and scal able syst

r
g
p
;)

anges shdwlcdishemcel i minating duplication and r
rviiecewxlpect ati ons.

3.2 Eh.adbl e value stacking
One of the most frequently mentioned barriers to

provided services are often insufficient to jus
Value stacking refers to thpatadiidntmultoi gli enul k a
and can enhance the business case of industri al
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coordinated mar ket design would allow industri al
potential while support system efficiency.

A first step could be to ensure that timing and
aligned More fundament al t hough, would be to n
producing flexibility. Currentl ymsenlave&ksthpwrttd cdi
their flexibility among product s, based on pric
alternative would be that the transmission syste
bid across mudnd pil mplsemdarntc earjimig mechani sm t ha
accept this Dbid ogtchee, hwhgehreesvte rs yistt ebmr ivnag ue. Such
would not only simplifyepheali k@@t adfonf [Oaxeir@iklsiotey

such mechanisms could be expanded tobofiBslOsde f |
anBSOs for congestion management purposes.

Moving towards a coordinated approach is not wi
(e. gechni cal character me saires ,h aganoen i zleals wmrtreAt he Eu
chandepsrocuremehd | i kely require broader regul a

capacity products for balancingrpexpmpée, agatel €
OoFCR oshcaufrohab FERR, taathFERR behaméEKRR. This setup a
mar ket participants to sebbkqoanée manakeeptegdgrbbd
efficiency |l oss as the prices within these subs
demanding response requirements.

The added value fdfexa bédongi maetrerd cenptreadr bmeaime

evident when integrating additional services su
DSO | evel), which typically operate on different
mechani sms remains an open geesesai om. and warrants
A final opportunity Ilies in the facilitation of
mar ket would increase both |Iiquidity and reliabi
provide industrial participaimtesn wiot t ranséatety he
obligations in case they are unable to deliver
would | ower the peomeilvadcei shdofenmabhe more con
enter the market. WVWleribelrsay (hatdusequals shor
scheduling practices) can sell their services on

3.2 E>t@ablish appropriate baseline metho
For many flexibility services, financi al remune|
the difference between the actual of wwhakfd tparkoef i |
woul d haven heéheen absenceEstfabhicshivagi dmir and r ol
met hodolisgihesnce i mportant, but it also presents
i nappropriate methodol ogies can distort incentiywv
For &tShPat already submit individual schedules to
no additional mechanism is needed as their indiyv
other providers, it i's recommended ¢t deradtoipc as
along with a methodology for selecting and valic
should strike a careful bal ance between accur a
robustness against manipul ati on.

I n early phases oifg bdee vded soiprmeenite, tiaa ad | ow FSPs t
baseline methodol ogy, in consultation with the s
for aFRR services in Belgium, enables portfolic
consumption @Réert@trinenalndconstraints. As experien
met hods could form the basis for more standardis
seen as an intermedi ary measdurto testal aodv deve
approaches. I'n demeacadebaseasleilies may be -suffic
critical services, although these would typical
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abuse. Over time, harmonisation of baseline prin
services and within a European coibtoegxdte,r dEEBWPIsd ame
aggregator s.

3. 2.Ext7ablish clear measurement, validat

taking i nhar morcieziafto rotns
Reliable settl|l emaeart eprsenddwariesds o ensure trust in
flexibility service has been delivered, t he amo
validated, and remunerated. For industri al act
aggrergsatoor in complex setups, the clarity and f a
critical to determining whether participation is
Measurement, validation, armad egdetlftlilyneende natt ptrhoec endau ri

andef | ect-s peowinftircy data fl ows a@Gdeategrul ladaomagyn ifz atn
the Europieannéteadedupportbotrlercrexcsdiange of servi
mar ket entry barriers for aggregators and FSPs o

An i mportant consideration is the role of S ubme
mul tiple processes or tenantlsn baedhdiind oan,s ianggglree ggart
mu st ensure both accurate s eattt Itehmee ngr iadn Ainsveerr i 1§

particularly relevant in industrial contexts whe
anact i vsaitg.mbamnsparent, coordinated, and standardi
bal ance accuracy uittihmageceshpybacyt yoabei l d confide
participation in flexibility markets.

3. 2Ma4r ket roles and responsibilities:c
I ndustri al flexibility wunfolds through a networ
responsibilities, and commerci al i nterests. The
therefore depends not only on t had siontoenr n dale rceoadir
anedrgani zfatamewdr ks t hat shape how flexibility
governed across parties. These frameworks includ
and aggregators or f | exRHAsh)i,l ikkayl asnecrivn gc er esrpoovn sdiebrls
electricity suppliers, and, in many cases, par €
infrastructure.
Findings from the GALILEO project rekhembetiet haec
by wuncertainty, fragmentati on, or mi sali gnment .
confusion over who holds del-peefpr maspensti hiel agy
the BRP, or the industrial provi daerc tpeetnsad lifz.edl n
deviationagfe®odn poleu meas ,s i enfcfechdteivvi daliyagoper ati on.
flexibility was technicaulthiye sanldv eedc oqhwers tciadn sy dre
i mbal ance ri sk, or activation control created a
particularly acute in settings where production
processes are already compl ex.
I n many casestandecbatctkdof ual structures or pre
pl aces a disproportimpaparbucdeants,fiespecially
Conversely, companies with experience in the mar
cl earemegirtes t hat def i ne -séhatrii magt iaornr arniggehmtes,t st i <k
procedures, and fallback conditions.
This section presents a set of solubdbrgasi aamedna
architecture of industrial flexibility.

3.2.PHboling resources: joint operation a
I ndustrial flexibility i s often techinnadwdtlryi adv
companies often perceive f-liesk b@wioimpyemaewrvoupat:i
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Thi pairsi tuwbehyit comes to navigating market pro
across all activations, or managing tik®ohdmigni s
mechandwmere multiple sites or actors coll abor e
respoonosfef er a way to mitBygadlartihnegs eo preirsaktsi.on a l
commerci al exposur e, and transactional cost s, p
mar kets with | ess individual -lreivsek wheieldes .s tTihlils caq
particul arby ebompantesewfth I imited internal re
flexible | oads, or a preference to avoid direct
Pooling can take sever al for ms. The most Common
aggregatim$SP owho consolidates the flexibility pot
mar Ketci ng portfolio. This joint operation all ow:
sites,ewmootalbi | ity, and meet the technical and ¢
or capacity markets. For the industrial parti ci
externalising prequalainfdi datdi sru,bmfi erse oast iwhg | e s
flexibility revenue streams. The aggregator may
exposur eddloi vneorny penalties, making theavprmresposit
operators
Beyond the typdlciadntagmaodegla,t opool i ng may al so occ
within the same company dgroup or business- park.
tenant i idus ¢t o mphni es may coordinate flexibildi
infrastructure, such as a cehtosa&ld &iigatigdy, brwan agem
power plant setup. I n such configurations, joint
enable the cluster asliat whprl ev itdera,ctevaesn ai ff liemxdib
the critical mass to do so al one.
The benefits of pooling extend beyond size aggr
i nvest mefftorc extaamp | e, for metering upgr-pdesy | oc
service )caonndt rjacit st | vy addr ess barriers such as
reqguirements, or reporting obligations. I n som
coordinator may take on administrative or contr
redwcitrhe burden on individual sites.
However, effective pooling requires clear govern
on how revenues are shared, how respenmdiolbimaintciee s
and how decisions are made on actdi watnitam cttiunil n .
are essenti al to avoid-teiwmpuiabi aindy.enWiutrfeo utoni
coordination failure can outweigh the benefits o
3.2 RAsk sharingsadred weSmhs BRP
I ndustrial companies are often reluctant to en
perceived i mbalance between risk and reward. I
providers carry a significant shar a adfedt hwa t dp ero:
delivery, while receiving only tlhremirtked @amtniali pc
strateglye folfhoweds particularly problematic in
to interruption, orprwhceerses eisntcearnmaolt pelaasanbiyniga e c o m
acti vaRtiisskmar i ng contracts between flexilkialnity pt
help to rebalance this relationship, clarify r
participation in flexibility markets.
Across the GALILEO project, sever al compani es
consequences of being unable to deliver flexibi
i nstance, the refinery was hesitante ttoo ctohnemirti stk
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penalties in the event of operational di sruption
many compani eisoulsackleedgailn or regul atory experti se
compl expamulyt icontracts. As a reguwlctt,s eweeare tnedh miu
due to the uncertainty surrounding delivery obli

Ri skharing contracts aim to distribute this unce

actor s. One common approach is to introduce gr a
reflect partial delivery, rathern.t hAanro tahpeprl ymercg afr
involves westablishing fallback procedures, suct
cancellation rights, or substitutions with ot he
contracts also include fimaasa@iledaddtgo Inggr amcd r mar
i mbal ance cost caps, that protect the industri al
unf oreseen system conditions. I n cases where t
aggregator, tripartchariafgyeremeas s Iciaabihleil pi es, a
Ri skharing al seshakdtdammsnitcoati on and forecasting
exampl e, some aggregators-tiake dateapanosiidiolriitnyg, f
errors, or communication failures, wloimpeatnopt her s
mai ntain forecasting accuracy within a defined n
carries the | egal and financi al ri sk in the even
incorrect dispatch sirgsnals from mar ket operato

To be effeseburveg rcioskracts must be transparent,
Companies need sufficient time and internal capa
negotiate adaptations wher e neteidma . p darhtiisc inpeaendt si,
i ndustrial actor s, and firms whaolsley laetgadjr oourp rl
Centralisation typically Il engthens timelines be
uni t s, works through a fsrgel appeoeal andhatunspe
compliance, tax, andofsfomeotfitneens abcoraorsds sjiugrni sdi ct i
restrict deviations from standard cl auses, whi ch

While no contract can edti mua otadseead lidfn gulacge reteariemtt ys,

a more balanced and predictable basis for fl exi
unf oreseen penalties, i ncr ealseex iibnitleirtnya | b utsriunsets si r
fostertéomgeol | aborati on between industrial site

3.2 .Op.e¥ ati onalOpgbuatr dcrlaa u sse sa c t maxainnbom s
mi ni mum notice

Compani es pwiolvli doenlfyl exiifbitlthdey rsetraimesufficient ¢
how their processes are affected. For many indu
integrated produc+tiemnsi tines oper qtuiadng,y the feai
sovereigntayr riisera tkoeyparti ci pation. To address thi
clear operational-aggueaeed raohdgi t iiones tphaet i mit \
activated, how often, and with how mucht iadalance

bridge between system needs andbapsedlugdrn toinc ir eatl ii

This concern was raised repeatedly by companies
the food sector, the sugar refinery highlighted
pl anned process steps or | abour sefhedubesduned
reall ocate staff or reschedule production on shit
sector s, internal teams warned of the strain p
unanticipated activationsd rasmpepicn@gltllyatwwheant lhiecte
ramp | imits or voltage constraints. I n these ¢
potentially destabilising unless strict boundary
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rational guardrails can take several f-orms. C

at ed o]
uarant e
ur s. Thi

S

| auses, which allow the industrial partic
tions, such as planned maintengngroduwxtcieqpn
enecks. These c¢clauses can beadohftoumred ha s,
ding on the technical setup and trust bet we

er form of guardrail is the spe
timeframe (e.g. per day or pe
n f f

e mont h), '
enance planning, and process e

cification
r
i ciency.

this is the concept of minimum notifi
ed |l ead time (for instance 30 minutes
s ensures that fl exihhaeadulteys caamd bseu peoro

c
(@]
—
c
—
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advanced setups, operational guardrail s
or integration with production planning
t when internal condnméd ipmescasse dcatid abd ep
ds. However, contractual clarity remai ns
third parties, such as aggregators or B
enforceabwe] ltuvadepastoentd, bgnall parties

enti al ri sk is that overly restrictive gualt
S or system opomudt carondiltfi otheo ama&nyld ptwed,
patible with market beadmeéei memmet hiealfll ye xu
this, guardrails should beeecds$ iremgdt ad | i a:
wed as operational experience accumul at es.
ng to gradual |l yf ir @&ejuraco@asrde sitnrtiecrtniaoln sp raosc ecdounr

3.2 AM.i4Hgning supply contracts with fl exi

veral cases observed during the GALILEO pro
er to flexibility: rigid volume commit men
ties fbromMenomidnanisoamaged companies from e
t levels of | oad shifting. Where flexibilit
mption, traditional supply arrangements <can
er .

0]

u sible in compani e:c
r externally, S as through a pare
for instance, the $uvgamr moaet hhgr Yy ohe
pensated through mar ket resales, of
participatswmnh geshetrtat @edg hv arl eiru noenl
Ulceé ssinmudrt acnoesotuss leyl siewhere in the
the net benefit. The result was t
were constrained by contractual

was particularly
u
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exibility in such environments, el e«
d accommodate flexible consumption
nds into contractual vobdume dommwe me
thout triggering penalties. This prc
gnals or grid requests while maintai
ternal procurement embied. fArxt hed i opticdomus
ments, specifying how | oad shifts wild.l be t

er participation in demand response progr a
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ated models, flexibility provision
cust omer . For examplF&S,P bhéesuppgl i
that includeisdelpantriicipyt isampplly
ures can be designed to facilita
[ ough shar ednemndawi t@aan rmhedelag .t i Thed e
s with linyittead émgagealvi tchhpmal ti pl e mar
ate responsibilities and reduce transact

Mb.d% | agreements and standardised
participation
many i ndus,ttrhiealc ocmopnhpeaxniiteys and uncertainty of

rangements with FSPs, BRPs, or sTthp sl iiesr pacan cfd

for companies nbwgbbi &tergbtkermg mmoketdsact
ange, delivery obligations, and risk allocat

not al wa ylso uasvea.i |larb |l tehd nabsence of standardi s

wor ks, eemmzah drgagnes pr despvksuimmag,- resou
sive, and of t en opaque. As a result, s ma l
oportionately excluded from mar ket particicyg

ity to offer flexibility.

O = 5

chall enge was evident across several cases
culty in assessing the implications of agg
odelniovner vy, or determininguhdwifhtexialkil iwtiy hj
y agreements. Some companies expressed frus
i al or contractual benchmar ks. Wit hout <cl e
nal-madkeicnigsi showed tandprwenwadriteadi,n particul ar |
rement departments had-sliidtet Ilceo npirriaccrt ienxgpos ur

ducing model agreements and standardised c
these entry barriers. T h e sder atf & nepdl act oenst r caacn
ar clauses covering the most commonsfdreixndi
sqgutoppgrocedur es, fall back conditions, and
ted to different regulatory contexts and mar
ider and an FSP, bet ween corpwpmltieergramg sa mA
i bility across multiple sites.

I n some cases, mar ket actors themselves may tak

bar
wi t h
pot e

or suppliers can support client onboarding
ce negotiation effort and cl abodiyeexprectadu:¢
ciations can develop reference contracts or
ness while maintaining enough flexibility to

dardi sed onboarding also extends beyond coni
i nes, and procedur al roadmaps can help co
pat e, the obligations invol viesd,paantd ctuh a1
nt in balancing markets or capacity sche
definitions are evolving.

“
O+ o —

k of information and awareness remains a s
ier to industrial flexibility. Not all compa
the mechanisms throughswewHiclEvéhexwihlkinl itthye d
nti al exi sts, internal resistance (e.g. froao

3.2l.nr5Sf or mati on and awareness
a
i

management ) can hinder progress. Addressing thi

sol u
what

De l

tions or financi atled nicrefndri matsi, o rb ua n da | cscomnbuanr i
foll ows, t his section outlines and det ai | ¢
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mar ket transparency and visibility on the wval u:
| aunchi nsgp esceicftioor awareness campaigns.
3. 2.Elm.hlancing mar ket transparency and Vi si
through objective comparison tool s
I ndustri al participation in flexibility mar ket

aggregator offers but also on the clarity of pr
many firms find the business casei pamalee brecamnd
contractual path is complex. Service description
documentati on, and flexibility participations a
technical f o-amat se Fodueas i sikersgywwhies not a core a
clearsfruendl y product summari es, standardi sed t
examples sl ows -makiengaadandetti sq oemtrityl crigsaulitosn.i n
During the GALILEO project, several companies re
benefits of proposed aggregator arrangement s.
terminology, and umdmealdiyn g gi tashsarmpttioonsveéamusetsand
operational impact, or contractwual I|iabilities.
small er or | ecsosmpeaxnpiearBioe nntacyd not have internal e X
compare such proposal s.

To address this, mar ket actors (and/ or public a
objective, emndley tool s t hat hel p i ndustrial Col
aggregator s. These tools could preselnatbiadknedt ycont
acti vraetgiuoinr eemesntos,i cal repemaltgssécmames, or dat a
a standardized format. By enabling structured c
would empower grid users to make informed choice
ri sk toBeramceeasing mar ket transparency and t
of ferings, these tools and practices would sup|
thresholds for industrial players, and ultimatel

3. 2.Sh.oawvcasing

I ndustrial flexibility is stildl a relatively ne\
hesitant to act wit Rhwourtl ds eeexi anngp |ceosn corfe tseu,c creesaslf u l
Sever al i ndusotfr itahle pGArLtimeenOe phmiog leilcitght ed t hat cor
stakeholders is a key barrier. The chemical sect

pl ant managers to recognize the value of offeri
chall engdsmciimgec dinyg her matniakzgeeenxeinbti Itid yp rail ornigsi de
objectives

Showcasing pilot projects or case studies can h
viability of flexibility projects. Seeing how ot
i mpl emented flexibility withouttrtcggpr omingiemgsbp
perceived risk and scepticism. I nternally, compa
other sites withithecomei s@eneplcampamgnagement . Mo r
actors can play a role iy @oorjckicrtat ianngd ddei nsosnesnti
t hrough-s pecitforc channel s.-cbst i mme as urreel atth atel gatd

communi cate best practices and encourage compani

3. 2.S®e.cIspreci fi c @amap &iNErss

An industrinawarkeslytd éxibil ity pot erftuirdtliheacoaung hb e
awareness cGempeariigcnsi.nf or matciaon seamgaiagnsa usef ul

by highlighting the value of f-bynxiskei leixtaynpdred .p d:
agai n, flexibility soehoti pm-ogascisf itcy,piamad | pr cadclt
campaigns do nopercadnvoenyal t reeadi ti es of indi vidu

Deliverable D: (GHALILEO 8 8



compani es may, per haps mi stakenl vy, believe t ha
accommodat esiddeemarneds ponse.

Sectsopreci fic awarenpsesvicdepai gonsution as they ca
specific characteristics of each sector. Sector
take up this rolsep,ecgifviecn ktnhoewilre dsgeec taonrd communi cat
addresgrasnedctprogescisfic concerns and can help di

encourage firms to explore flexibility opportuni
campaigns offer -aostrmpeasudr apdh&owcdi rmdébs intere
communi cating potenti al flexibility solutions to
3. 2Publ i c support mechani sms

Public support mechani sms can play a <critical
overcoming financial and investment barriers. Th
to inadequate (or wuncertain) revemiuelky)anidnweédatt me
Targeted mar ket i nterventions could further mor e
competitiveness of the industry or specific sec
from the recent Europeah220pvhti cihcisttyat mar K ehtat r dffe
could consider theogiolmotli exi ifl intoyn | i kelf demand
capacity mechanisms are not sufficient to meet
schemes can be introduced.

I n what foll ows, we provide an overview of sever
exclusi ve. The appropriateness of the different
failure(s) t hat policymakers are trcwirn@i hoy addr
common problem in.allebericaisty ofmmanmrleeatesvabl e el ect
Me mber St at ersevaddiree sssntcherrotuagihb agtk &atde der i sking S C
typicall ¥ edxiofnftegracncses. ©Ooudkldde sushh difdieaddls t o compel
mar ket inefficiencies that artificially discri mi

The design of publ i oestgyp paraern e fmelclhgadnd B8aorme deubsi d)

mechani sms may introduce undesirable side effect
and/ or efficienmMmthepri dea ifakrsmaftaisounb.si di zi ng facil.i
system value for flexibility. Public support mec
flexibility, but their exact design characterist

3.2.Sofbans

Mul tiple industracak opfardaneess rtad seafflordabl e) C
i nviersign i ndustri al demand response measures. Sir
sever al companies were faced with the inability
capital townedpropacts with uncertailnoams d owligd
play a part in addTfheesysimagn thheelsppe Wwmlradke rmr.oj ect s
be del ayed or deprioritized. This is particul arl
financing capacity or réstctriedie¢ed(accenmpedi ¢ omme
Soft |l oans are financing instruments provided a
l onger repayment terms or partial guarantees. Th
the upfront financi al paerdenvaedmdeysedotei nhestin
fl exibili Syf tmelacauywreismadkcked or even funded by pub
are often tied to specidhicf teilngidadalbiyl ictriigse)r.i a
3.2.T&x2credits
Tax credits are a widely used policy instrument |
to have societal value. I n the context of indust

by reducing the net cost o fWedddensaingdn erde stpaoxn scer eidnivte
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targeted to specific flexibility outcomes, such

or verifiable peak | oad reduction.

Tax credits work by | oWkrsnmakesutbemaxel atbveéli:
f ogover mmenats grants or soft l oans require upfr
mechaniTams credits al so hiegvearlki nietsast i iommedi at el )
compawi ¢ ornol itmixtacdbd e i ncome, such as companies r

orcompanicayiitniilensi ve sector semgregians.ngl mnswdh mca
credits may not provide atdbsticomald blkeXipairlti tay |
including provisions for refundability, ©bheby co
previousl!l ys odfibsanwss) s e d

3.2.DerBsking mechani sms

Deri sking maclkadiesipg mesd dteo ( mi ni mum) rawnenwceangua
henad¢ | eviearteaue ubhaenmnt a&Trme ye instruments are rel
design and carry the risk of distorting mar ket
ncenti vikesowA we&Mm@dmet f axitf f erence (Cf D), which s

[

produard/sor cdmoumerod atile electricity prices by
a predetermined strike price and a malrckeensumddker e
electricity.

I n the context of industrial flexibility, design
research. First, it remains debiaslkidnd ome doa na pstr
renewabl e @l eetitereictertyicat-hoinl earssseursde(re.tghe eikl
initjaeven)though the topic has benefited from i
how to translate these mechanisms to industrial
fundamental differ encdalsi kwd tde nearaatiitd m,nawh efedsst a
price on volumetric output, heomand rceappcndsyg RV
(a/ MW) and activation energy (0/ MWh) t hat occul
frequency. Effectineedchemaddtaéesefroreame ri sk (1
timing of activations) in addition to price risk
Anot her crucial desskhngumecthani §ms de the contr
for renewable electricity typically span at | ea:
i ndustrial energy consumers gdenemal I(y .omr €fresnseal c
Sever al aut hors have observed that | arge energy
ri sk when they underwrite an energy contract wit
competitors have nedt rlioccikteyd pirni cteh efiorr etilree ml ong
electricity prices decrease, their competitivene
the payback expectations of industri al partners
the iinadluspaft haes GALIL L®® spkrionjgeantec hani sms f or ren
(e.g. CfDs) therefore cannot be directly transl e
recommend further research into tohmeirmcpayautatston

3. 2.Renkewabl e energy pool

Next -tosklieng mechani sms, policymakegaesverondmhedntc on

backed renewablteh ath etrgmdeprom Id eomtgr act s with new re
and passes the pool ed c[o2n2tlr]a,c t][sh 202nf hteor cwonrsdusme rgso

underwrite CfD contracts with renewable electric
in the Princes)s d&aldbsselgauitemtzygnegpass these provi si
(possibly repackaged as shorter contract durati
provisions removes the risk associated with und:¢
high subsbBdy Ppayoytindustrial) consumer s, t he s
fluctuatingesl actcroiradiitnyy pmroi cc he generation profi
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electricity prices are offset by payouts from tfFr
pool does | eave consumers exposed to the renewal
pagsproduced PPA. This wild.l havzi ndrec dndselsmearesd )t ce f
t heir remaining profile risk by investing in flI
energy pool will consequently increase the value
uncertainty, albehantdedirt stka ehrgd enmetcdmtni s ms .

W)

3.2.D8.rect support
t support camechlamivemsas targeted i ntervent.
i

re
ef ciencies that hinder the uptake of industr
compass a range of 0 p thiaosnesd, siunbcsliuddiiensg (per.ogd u ca
tivationy, pagamacts (e.g. a payment per i nstal
vest ment grants. Each sodfi ffleesat i nsmpt umani oreg
centives, risk, and administrative complexity.

- = @ —

i ndustrial demand response, we recommend pri
ked to instalsloeEHUR/ MW)i bdre icrawsscHihmyot( EYKRI E§UR
s recommendation is based on three primary c

payouts to volumes of delivered flexibility
ticipating firms. Since actdi wdttieoindepreendi rame re
tor s, Packdostcphetmes may not sufficiently inc
Das schemes are notorious for misaligning i
rd, upfront pay metnhhes redtp mrdabbiersesmtd nbearoriiad r f |

the high upfront capital costs of infrastru

:TCQJQJ_':T_'O = s @ s B

-0 ™"T T 4™

however, t hat upfront direct support me c h
ation purposes. I n other words, they do not
tions and the value of fl examidmdgd yandavess
ation instruments hence target fundamentall
n overcoming inadequate revenues and may compe
nl evel playing field, wehvweeanues tfhreo nh aftlteexri bcialni tsyt
he complementarity, policy makers may consi der
u
f
r

r
n
[
e
r
c
t
[
e.
t e,
tig
ndi
tig

pport -miittihg artiisokn el ement s, such as guaranteed
mi ni mum r ev enuceh gnuaayr awmnereye swe(lwhibe part of a ¢
amework, see earlier).

3.2.S&u.bsi di zed feasibility study

Key barriers to industrihadu sfel ecxapbaicliittyy tioncd walleu
patterns and rrevenger tsdirrtayns on t he flexibility
processes, the | ack of awareness amongst i ndust
Especially for companies without prior experier
compl exi ty sofl uftli @xisbiclaint yprevent exploration of
subsidized f easinbisleirtvye @atsudy soft incentive.

d

Subsidiz it

company?®6 flexibility potential. These studies
constraints, of ftake profiles, @&amlkdetecwoilbdnytci ovn sa.
reduce i nfor magtainadn paowmmMdaetdriascn sc ofngpra ntiheast woul d
ot herwise be hesitant to act. I n additi on, si mpl
rai se awareness and incenttievifzexcbmpaniye snetac uc @Iz
have been consi @heerseed sottuhdeirensi scemwalrd yi eww@lev e st lwihi a
i mprove the credibility and internal acceptance

feasi bi y studies involve partial

Al t hough flexibility studies do not g u acroasntt e e i
me as U roeg goveéemhmmenrntower s ftohre itnhdtuessfhioylsdt o st eps t ov
flexibi Over ti me, a broader roll out of S
fl exibi thinking within industry.
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3. 2Re/gul atory and | egal reform

Regul atory and | egal framewor ks strongly i nfl u
industrial flexibility. I n many cases, key barri
mi saligned incentives, conf | i cctoommpgl erxe d yl. a tMaonnys ,
existing rules are stildl optimized for stable <c
responsive industrial | oads. 't is important to
flexibilidt

y potenti al
0

Thi s cti n outlines several possible refor ms,
agreements (the grid tariff granul arity, exempt |
agreements), to regulatory iennietrigayt i esfefsi c(ireenscoyl val
all owing for multiple BRPs at one EAN, streamlin
gui dance. The aim is to better align current r
i ndustrial demand response.

3.2.Gr.id tariff granularity
Sever al industrial partners have raised signifi
charges. Both are key barriers to the adoption
electrification at | arge. I n what droild oovmsgr gvees fa
t mmove on to grid3acé&ss8 in Section
I n Bel gi um, grid-bahaedffamdahencapdbaistey]l on peak
(rather t han, e. g. electribasgedcohasmpeit ames S
criticised for hindering industrial demand respc
l'i kely to yield variable | oad profile with high
charges. Literature therebasedregui afsyasebebart
demand response.
It i s, however, i mportamasead tramefmbersdrmhmae « apuar
reduce peak | oad and facilitate thbegwfbhieigahepnap
preferred over flat volumetric charges because |
capacity rather thaniéeontall EWhnalkcspancoburage sh
maxi mum demand, which | owerks dwisrdinde nctaplacadiyng
assets, and defers grid.Thei rcfharl d emeret iisn vneostt mweIr
capabasgd charges, but how to desWigtnh trheaeinv e od & shie
it is indeed possible that individual peaks do r
can |l ead to situations where demand response i s
is still available.i Sathi ci énbtaondsrapresempl g p
can avoid them bpaselli nangf tapaantdyspecifically
on time and | ocati eaand Noddemapalrosde ntt thaata ptdicrgg y d t ar
align with r epxwhlimesidéld R 203n5s]

Starting with thteartiefnfpsor@adn alsgpedesi gned to excl
network | oad when calcul aThegBéehdi andutakngpmbgsi
already doeg 2@¥%dctly this

Capadiatsyed <charges are set based on both co

measured power. Th-beamedsetrethepowes set on mc
yearly peak (kW) and apfBOe&Vfoolthgeusevel at
peak is meams Nroewc mber to Marci,0: @0r ipregi bde f i
Monday to Friday (except public holidays). Th
except dur iompfe apke mimeds, defined as the weekenc
bet ween April band September
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The tariff i s consequently designed so that incr
eekends in summer) does not (substantially) i n

transmission capacity during thesd lmxmbontlg tiys sé
hence not be discouraged.

Si mi,Jcamplayiatsyed charges can inc)Juideea dpatoaht sl ee€
or otherwise differentiating connection charges
net wor kKVetdseesri.gned | ocat igeemelrbael hilaye rgeefsi ciaanl f or ene
as they can address | ocal congestion in specifi
demand response in uncongested areas. Bel gi an
di fferentiate by | ocation.

The national regulating author ity navneds ttirgaantsemiwshsei
redesigning the tempor al and spatial resoluti on
benefAddiiali.onal research is required becaoufsfe (i)
t hat mu st consider esevefhéctdii memegd ohali y(heasts¢ . ) ,0 ¢
congestion is hard to predict in advance sand of't
or grid reconfi guraatiioonmd, snmagknian g tamed Incect wor k ch
vol aAdialpangr i d dlago ffakeastti mey have to remain fi.
period to offer predictNaebvielritthye lteos sma rnkoerte pgarratniud i
grid charges would sharpen cost reflectivity by
periods and relaxing the signal where headroom e
whil emprtéd vel y dgraomptemitngwar d future constraints.

3.2 Derdgations for flexible industries

id tariff derogations for frleepxriebsleenti nad ulseags ed
alternative to a complete grid tariff design oV
conditional reductions or derogations in networ
relyiraebduce or UshBtalybobdttery storage, for inste
types of exemptizZ®gchneBemgt umns can help activ
mar ket participants do not face conflicting sign
again, this approach may raise fairness concerns
abylitob respond flexibly and mEhye stehune antastoidlsee el i
the signal to reduce peaks and can consequent |
derogation schemes should hence be carefdully s
verification criteria, and ideally be treated a
broader flexibility framewor k.

3.2.Fl.eXible connection agreements

call that several industri al partners have ra
exibility and i nFleexiilnlge icno ren escct(iFdQMA sa}garceaenmmeont tf se
otretr m s dlhetsieomgreements allow industrial consu
ditions that may include temporary |imitati.
enMe2s3 3], [S23%%] al European Member States have
nection agreements and Belgium will soon do a
ting capaci toyn iascfosimfeisisle tableldgicsdt @adssi bl e) .

nw S5 5

ever al industrial partners expressed concerns &g
nd i mplementation of flexible connection agreen
lexibility and electr-i trmat it dam dp reoojmeldci ttsi.o nlsn otf h
onnection agreements should be clarified as so
urrounding their i mplementatiionn eilsecdealidy.icrmg iiomc
Large scale consumer se roeng utihree ccd nedairt igounisd aasnncd r e s |
these agreements and are wunlikely to consider
transparency.
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I't is furthermore i mportant to remark that FCAs

datcant,rédr example, must be able to guarantee av
interruptions to their power supply. More flexib
accommodate temporary power i mitatumminisomsi .t hDhit
brings us to the main issue with FCAs: there is
all ocated. Some fimumd nmaey rlugpwe bd ec throssd i ng agr eer
though they might have | iltetclhee mersab | @tnhse rwiftihr misn
guaranteed and stable power supply for which FC/
more efficient if FCAs are granted to battery p
rat her t h a@o rafen -s svtdfbiars§itad3 3], [The&5]benefits would
t wofol d. First,coahdowiad &§ nfgl &>CiAlsl ¢ opr ocesses coul
expand their flexibility efforts, benefitting t|
hosting capacity <can then be allocated to thos

el ectri ficatiicongramwdt he cpornoogm esses smoot hl y.

Summari zing, TSOs coul d of faerd FoOIAfse rt ob oea xhi sftlienxgi |
connection agreements to new offtakers.

3.2 . Ad.agnteregy ef ficiency guidelines

The Energy Efficiency Directive (EED) mandates 1
requiring them to ideffiefty i aseadvdimegpsly erimgeahst JU nedss t

recent revi sions, free all ocati on of EU emi ss
i mpl ement i ng-stalvd sng se miegagsmupraedsiooe s ot i mpl ement s ome
eners@EW i ngs niehagsyulrless,ee t heir free ETS emission a
EED audits and drherm@aw amgascuradgysdgarnfi cant i mplic

enerigwwt ensi ve compani es.

A growing concern, also voiced by several indust
metrics and audit methodol ogies njasy4]Mainyt endiush a
processes are optimized for maximum efficiency u

demasidde flexibility, such as ramping -dgewhkh dur.i
periods, can reduce procesy ebhsaomphtynandsi sactk
provision may worsen traditioB&D aodrgyapdr frepm
met hodol ogi es should consequently explicitly 71 et
meas u.r e@t her wi se, ener gnyd enfafnidcaiteendc ymepacsluirceise smaay r
barrier to scaling industrial flexibility.

3.2 A1.1Dw multiple BRPs at one EAN with

The <chemical sector voiced the issue that, i n
connected to the grid t(hdreosuigghn aat esd nbigyh daeno fHANRK € u p
regulatory framewor k, however, only one Bal ance
per ERMO]This setup creates significant ca@aordina
siwetome EANnudnd ple wosmpasiedgd ekfidility. Il ndeed,
actions must be aligned and internally compensa
which introduces administrative complexity and n
The soluti onalwoouwl dmublet itpd e BRPs per EAN,I nb atsheids
arrangement, each company behind the shared conn
and assigned to its own BRP, enabling it to foll
in energy and balancing mar ketisemdwhe sa alpipgnmrgoiae h 1t
flexibility, but also eliminate the need for in
Additionall vy, grid accessincchiaprlgee s baen daltlaorciaftfesd cno
however, that the i mplementation requires regul a

and settl ement.
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3.2.Streamermi tting procedures

Permitting procedures for investments related toc
orsite renewable generation, grid reinforcements
l engt hy, compl exFrangdmefnrtaagtmeonnt eadr.i ses because apfy
across several authori tuses, (feinrve ramdnesndfaét ya,ndwd te
bodi es, DSO and TSO), use different documentat:i
(Fl ander s, BMau dBwatlihaa)t. had f s b d el sector voiced t he
highlighted that these procedur al hurdles <can

pl anning and financi al ri sks, and in some cases
Streamlining per mictotwil g hpd pcedumregduce these barr
depl oyment -erdalfllierxg btig@ dand dllhdgi ecsoul d i nvolve est
ti melines, enabling flexible technologies to ben
of environmental obligaticanprocediunesodNoitegthasts
has been t&kWknaveh thefurther promote renewabl e ¢
the planning, construction and operation of re
overriding pQdrddequenmtelryevwahl e projects nowadays
simplpefrineiddti ng procedures. A similar approach ¢
related investments. Not e, -throawekv eger mihtatti ,sg mprl d o
face public opposition, and hence carfd oshoulwd tih
transparency and stakeholder engagement.

3. 2. Fooriward guidance on energy policy

Uncertainty about the future direction of ener gy
i ndustri gl124f51]Goxmpbaniieesy are reluctant to commit <c

there is no clear signal t hat such efforts wil
Frequent policy changes, ambiguous regul atory t
dfferent | evels of government further exacerbat

was concerndcrwi tplolli@ryg uncertai ntiympanat hhb agrhrlii grh.t
Providing forward guidance on ener gy aancdcemapr keot

reduce this uncertainty. While it is not feasibl
and fl exi biyleiatrys rnewv adwvance, it should be possi bl
stabl e expect atd meirsg yo deeacttamrpmentas, such as the s

renewabl e energy deployment or the associated e

signalsompabiwebetter asséesosittehrgn madkiimmss case f o
and align their i nvest ment decisions with the
guidance can not el iminate all ri sks, but it doe
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3.Binking solutions to barriers

3. 3Qblj e catnidvemeblygodol

This section serves toounhbemwed ad ddahhoewapsdrl aud s ons
barrfier si ndustaoutalli dédxdiwe Cfhidryseeaardhndkeddual sol ut
t he spacifieaci t can mitigate

On¢ mmany and a@amenyr el ati onships bet ween ifsosliuntgiloen s
barrier can often be addressed by multiple solut

as oOuncertainty regarding financi al i mplication
transparency, adaptati onshbapoi ttdheecbrenaB kRes areds i fgine
providers, derisk(iAg) mgcbasnobkmsi, ortmay si multane
di fferent barriers. Tbeutbipom,l i hgr of nsteasmue cesal
technol ogi cal concerns, -awdaiulcaelsi Iriitsyk,s aned ad realb lte
cope with a lack of internal resources or knowl e

To cope with these o0ongandelpwdtnidd@si i ie ecr,lsuvsidngt ros
serves tWwiBarariimsrs canabeumrd usdlauteidoaraley sol-uti on
oriented (aiflpwotaehning enhances interpretabitlity &
and dmadlkinad tfioovne r aafrscohli utcpa rompiaednt er ns. As such, cl L
br oadreder st amhiiinmgt eorfvent i ons mawhbéeemost effecti

Thbarrier and swoelruet icoonn sctlrausctteedda putseidn gas si Wen ment p

devel oped an opti ntioznastiiadelr smedelct eldatbarri er s, S
individual l inks between them. The model jointl
minimizes the number of connections between ba
out comet hvelansghi hget uned to enhance iinterpretabildi
categorised in clusters thadtertsarageet csaitmeigloari zbeadr ri

araeddrebgedi mi |l aThisspputdadodhfse.t afCham2, erwher e barrie
were grouped based on the origin of barriers, [
Al t hough that approach was quite suitable for t
perspective to ob6feentedovieewol uti on

FigBLanHi gBRreespecti verl gsslhtoiwndg heol ut i olnndaeadbarr
sol uti Bestdi.oderael r eady dthrhuec tculruesdt er s odblt@asmmedi Mg C
met hodolnogwhat foll owshewebafradwes @i usdsthemai nand d
characteri stiincvsestWdjathlkarybe bet ween barriteor and
eval nthAeeext en(tc Itus tedori st twido)n a ddp esisf i ¢l batren € r
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|\

Barrier clusters

Technological and
operational limitations

Organisational
misalignment

Financing and in-
vestment constraints

T1: Risk of disruption

T2: Technically infeasible to
reduce peak load

E7: Cost savings too far in the
future

E4: Costly flexibility invest-
ments necessary

T3: Risk of lower product
quality

R6: Prioritisation of energy
efficiency

E5: Lack of access to external
and internal capital

O1: Additional workload

T5-6: High IT requirements
and lack of inhouse IT preqeqg-
uisites

02: Internal guidelines on
project duration

R2.3: Lack of sufficient public
funding

T8: Seasonal changes in en-
ergy profile

O4: Low priority of top man-
agement

12: Uncertainty regarding fi-
nancial implications

E8: Potential risk on produc-
tion target values

05: Company KPIs do note
consider flexibility

13: Uncertainty about future
regulations

14: Lack of information regard-

ing electric cirtuits

O7: Relevant decision makers
lack decision power

17: Costly and uncertain
project analysis

08: Many decision makers in-
volved

Inadequate revenues

Grid access constraints

09: Dependence on external
service providers

E2: Greater economic appeal
of alternative measures

T2.5: Capacity does not yet
exist

B1: Lack of acceptance
amongst employees

E3: Lack of revenues through
the provision of flexibility

T2.6: Existing grid is con-
gested

B2: Lack of acceptance
amongst general public

R2: Flexibility product design

B3: Skepticism towards auto-
mated interfaces

R4: Distortion of market sig-
nals

Complex regulatory
and market framework

C1: Lack of (internal) re-
sources

06: Power procurement policy

R1: Complex regulatory frame-
work

C2: Employees lack needed
skills

Increased opera-
tional expenditures

R2: Restrictive regulatory
framework

C4: Lack of knowledge about
energy markets

T4: Equipment wear

I11: Lack of transparancy

13.1: Unclear interpretation of
legislation

13.2: Uncertainty regarding
roles and responsibilities

E6: Additional operating costs

E9: Necessary hedging against
non-availability

R5: Conflicts with grid fees

R7: Penalties for unavailabili-
ties

J

Figure 3-2: Overview of the medium- and high-priority barriers, categorised per barrier cluster.

3.3Baxrier clusters

We have tdled i neddé wevin nlyar r i er c| uFsitge@Pse, as depicte

1. Technol ogi cal and opermhy viocaals tlricafii ntiast d wantsr i a
processes and their suppobusiteg 1T ntitasdskudt sn
technical di fficulties to reduce peak | oad,
seasonality congediatrigoepsskangr bduoeéctiiodfcrné lbe entat i © n
These barriers are often embedded in the te
industrialandp ¢reemg tiarneget ed upgr adresdosi @gmper at i

2.Grid access :¢omsutf foaricmftermetquent Il Y coarbindgea ¢ ietdy
i nhi il tefcea@i i on
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3.Compl ex regulatory andr eanatrrkiedt ifvrearmegviblr &toonpy e

f ramewocrkk ,ofl mar ket transparency and insuffic
relevant ,I| eagnidcll &taironand evolving roles and r
parti dispamt @s aggregators, system operators,
4 . Organisational : mings$alinghmendmp arcy nugdiascatloirgsn e d

i ncenstwvestur al l' imitations | i ke | imited inte
restrictive ,dfrrajgenodretadicameld ijimagosk | e ar ov\annedrship
cul tur al and behaviour al i ssues including sce
| ogve neacadept ance among employees or the publi
5.Financing and invesftimancicaolnsam&ai atesnomic fa
companyods ability and willingness to invest
require substanti al upfront costs angduaust c
as energy efficiéenaty tynpiroaleimendotfer mor e in
returns. As a resul t, flexibility initiati v
chall enge further compounded by signifailcant u

performance.

6.Inadequate recwenmumea s di sincentives that wundern
i ndustrial erX|b|I|ty. |l ismahyasaspsji-mabt agrt
consumpdrieeneconomically more attractive than
Where ftlyexisbiplriovi ded, revenues may be insuff
actual val ue of the service due to the mark
addition, internal powesmwmclpr @cspirrfieionecemdt 0 mptorl d ¢ i
centralisedipamcwaaekmemtt he | ink between marke
deci sions
7.1l ncreased operatiomaldi tixpraldi cwose $ i ncurred
flexibility. Frequent changes in operating ¢
tear on equi pment , rai sing mai ntenance nee
Fl exibility activati omncsamprtd sonl to uitrs i ldieg hoeprt i e
condition and additional | abour cost s from
Compamildsace costs assacanltedi With niosks. Fin
free strupgemaleissenagyl tered | oad profiles and p

3. 3i3nkbianrggared sol ution clusters

The links betweencbashelep iaddantsiofl wtwhinch i ntervel
to address s ppacairfiieada st ypes of

Fi gBB8summastilzsst r ongensktages bet ween barr Dar kand sc

and bol der arrows indicate stronger | inkages, wl
the relative number of individual solutions in e
the respecti veéeVelmkreri,el ecslsustremquent connections a
example, some specificismaaglk eas dleesn-ggink exkiatsgua deasy i m
or modi fying riecsaenr vnei tpirgoadtuec tssc hedul ing conflicts
6i nsedaoperational expenditures barrierod. These
but wi || be di scAlststeau gnho melnt shed d g8 g i vl e dudkcaegsess ,

many solutiendddtegbutesto multiplce lwamrriaer cate
Fi gBBproviadses ghts into the alignment bet ween <ch
Certain solution categories ar e predomi nantl y

instance, -i ctoarpmanly | evers ar e primarily suitab
mi saleinggnm Si mil arl vy, infrastructure i nvest ment

all eviating grid access and technol ogical or op
influence on other barriers. I n cont riasdtr,i batt rear
i mpact . For exampl e, mar ket roles andthesponsi
di fferent barrier categories: technol ogi cal and
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expenditures, and organisational misalignment. A
targeted interventions, wher eas ot her cl asses
di mensions.

The figure can al so be r eatdy g esorletdvte rosne ,arhei gnholsitg t

for addressing specific barrier categori es. For
addressed through i mprovements in mar ket design
wher eas €i onn pear mya | | seevvedlcsampf Eeent ary solutions.
constraints, on the other hand, are best tackl e
some selected measures from therregthliat opreyr sgprec t
valuabl e for both policymakers and industrial CQ
the most valuable interventions depending on tfF
i ndustrial cont ext

Relationships between solutions and barriers

( Y
Grid access
constraints

Infrastructure
investment

Technological
and operational

L limitations )

Regulatory and
legal reform

Increased opera-

tional expenditures
& J

Market roles and
responsibilities

Public support
mechanisms

Financing and
investment
constraints

-

Information and
awareness strategies

Organisational

oo Market design
misalignment

LN /]

s

N\

Inadequate revenues

-

Complex
regulatory and

| market framework

Company-
internal levers

L

|\ J

Figure 3-3: Links between barrier and solution clusters. Bolder and darker arrows indicate a
stronger link.

The remainder of this section is dedicated to |
i ntroduceTldabB@fpomoei des an overview which solutio
barrier cluster. The |l eft column |ists the sol ut
corresponding individual solutions.
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Technol ogi cal and opecamaionbley aldidmietsateidonbsy i nfr
i nvestamedhhtasnges t o the mar ket detshmen.erl ntvweaeshtnmd mtg:
and production or buffer capacities enhance the
pl@agm-dl ay | T modules and standardised communi ca:
handl ing, interoperability and automati on. Chanc
reducing ramping requirement $ngntheseftearmagkests
bl ock durati omheadd |l lomagertidmg further more support

for process disruptions. Resource pooling and ojy
product quality amdn joeomarwdisdirreqa mu pgtorcesses. A
study, finally, can help identify and assess the
and offer flexibility.

Table 3-2: Overview of which specific solutions address technological and operational
limitations

Technological and operational limitations

Solution cluster Specific solution

I nfrastructuBehtitnhdeet er i nvestments

I nfrastructuProduction and/ or buffer caj

I nfrastructuPl waoh-gl ay | T modul es

I nfrastructuStandarcodimmachi cati on protoco

Mar ket Simplified and combined pr et
Mar k et Product design adaptations
Mar ket roles an Pooling resources
Mar ket roles an Operational guardrails

Public suppor Subsidised feasibility stud)

Comp ainryt er na Adapted schedul i ng practice:

Compainryt erna Structured feedback | oops
Grid acresssi ctions can be partly mitigated by in
| egal reforms and mar ket design changes. Grid re
typically involve long | ead ti mes. Fé mentbdrey co
measure that can provide relieve in the short t
i nvest itmhmbebindechnol ogies (e.g. batteries) t o
capacity. From a mar ket perspecpi ve, bebonhgestiindr
flexibility into the congestion management pr oc
existing infrastr uedteupreen.d elnitk egwiisde ,s ilgoncaatsi ocnoul d
select sites with amploen dg+#hied moamgaci ty, at | eas

Table 3-3: Overview of which specific solutions address grid access

Grid access
Solution cluster Specific solution
InfrastructuGrid reinforcements
I nfrastructuBehitnhdeet er i nvestments

Mar ket Product standardization and
Regul atory an Grid tariff granularity
Regul atory an Flexible connection agreemel

Theompl ex regulatory anids mae&ttaddramewed kt hr oug
solution clusters: (i) product and mar ket desi
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streamlining. The first cluster covers enablin
aggr eigaRtPorr econci |l i atdiesr ,gnpltuwse arkar Kehtat al i gn pro
real ity (e. g. ;ramaed earnadt-émolir raitaimoppn r equi eemerctd £ ar er
bl ock structures and cHdaorciarbgn danda h eodhielde sc,a paarcd ttyi |
second cluster focuses on f{sdotperor @lagar drel apperramn

ti melines across aut hori taines ,dozmudnest anidamdi Asd
enablers (not separate clusters), standardi sed t
usdmriendly product summaries and forward guidanc
and procedural complmaxiltey, acdgpecwsi.al ly for

Table 3-4: Overview of which specific solutions address the complex regulatory and market
framework.

Complex regulatory and market framework

Solution cluster Specific solution

Mar ket Clear product definitions
Mar ket Product standardi zation and

Mar ket Simplified and combined pr e
Mar ket Appropriate baseline method:«
Mar k et Clear settl ement procedures

Regul atory an Energy efficiency guideline:
Regul atory an I mproving permitting procedi
Regul atory an Multiple BRPs at one EAN wi
Regul atory an Forward guidance on energy |
Mar ket roles an Model agreements and standal
Compainyt erna Training & information sessi

I nformation aEnhancing mar ket transpar en:

Sol uti onsi ntcarregaesteidngoper ati aneaml texpeddtceuthkhe dir e«
costs of providing flexibility. Two | evers domi i
process buf fseprese,d vdarriivgebsh,ei g oyweergui pment , advance
EMS) widens the mhdw omperm@ittiingatwds cost exposur
peaks, shifting -taadffBwpgrifodm, hi mproving dispat

i mbal ance-dahidv eerxd3re croinsdk; k.ent meass$ gnmewsch as | onger

times and adapted r esierame rperdauccec to pcee faitniotniadnsunc
scheduling burdens. On the contractual side, poo
wi th fl exi ktialni teyn hmrmmawi pirerdi ctability, |limit the
ri sks associavtaeid awiitlhi trnyan Grid tariff derogati on
directly alleviate the exposure to increased gr.i

Table 3-5: Overview of which specific solutions address increased operational expenditures

Increased operational expenditures

Solution cluster Specific solution
I nfrastructuBehtitnhdeet er i nvestments
Mar ket Product design adaptations
Mar ket Appropriate baseline met hodo
Mar ket roles an Pooling resources
Mar ket roles an Operational guardrails
Mar ket roles an Aligning supply contracts wi
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Regul atory an Tari ff derogation for flexib
Regul atory an Grid tariff design

Public suppor Subsidised feasibility study
Comp ainryt er na Mitigation strategies for fI

Solutiomganiosati onal ammsabi geméngn internal stru
and predominantl!l y -idotaew mMalom evoemrpsa.nyAl i gni ng KPI s
integrating flexibility into strategic plans, a
greater recoptfilveexniebsisl ity and its integration i
information sessions can build the necessary ¢

i nvest ment approaches furthermore help to decrea

al Inogwi f or gradual adaptation. Beyond t hese i nt
standardi sed onboarding procedur es addr ess cCoo
companies that | ack the internal resources.

Table 3-6: Overview of which specific solutions address the organisational misalignment

Organisational misalignment

Solution cluster Specific solution
Mar ket Simplified and combined pregq
Mar ket Clear product definitions

I nf ormati on aShowcasing
I nformati on aSecisprecific aamap&ners
Regul atory an Forward guidance on energy p
Mar ket roles an Pooling resources
Mar ket roles an Model agreements and standar
Compainryt erna |l ncrement al i nvest ment appro
Compainryt er na Adapted scheduling practices
Compainryt erna |l ntegrating flexibility in s
Compainryt erna Al igning company KPI s
Compainryt erna Training & information sessi
Compainyt erna Al i gaeaimmlgoyee bonusses
Compainyt erna Structured feedback | oops
Solutifdmsantcao ng and inveaimemd icmmsoveaitnhe bankab

projects by reducing risks and strengtheonfing re
i ndustriailn ftlheexi B lagiddys Kk @ERMNng arrangements bet we

fl exibil ictoyntprriobwitdee rtRe fti miesd aiemer ve product desi
alignment strengthen revenue viisiimal udiyingkPdrdg i c
schemes, soft |l oans, tax incéodtuveshelapdtdireduc
capital eméguiandmi mprove access to finance. Compl
ast he governmedtor waodi giunglance on energy pol i c
transparency, foster investment confidence.

Table 3-7: Overview of which specific solutions address the financing and investment
constraints

Financing and investment constraints

Solution cluster Specific solution
Mar ket roles an Riskharing between BRPs and F

Deliverable D: (GHALILEO 10:




Regul atory an Forward guidance on energy p

Public suppor Subsidised feasibility study
Public suppor Deri sking mechani sms

Public suppor Sod bans

Public suppor Tax credits

Public suppor Direct support
Compainryt erna l nternal shadow pricing mode
Comp ainryt erna |l ncr ement al i nvest ment appro
I nformati on aEnhancing market transparenc

A range of measures coulidn abdee glueavt eer argeevde ntuce sa d drroen

provi,siparticularly mar ket design adaptations
Adaptations to the designisbtchnasl!|liantyodecivhnge
capacity markets or rewvasilngadpetnal mygr stapEmntapreisa
andotpenti alaldydiunméommeaue. Public support mechani sms
i mpl ementati on, of fer a direct approach to enha
aligning energy procurement stratdgicantwiyt ke nfhlaax
revemweas ved from flexibility.

Table 3-8: Overview of which specific solutions address the inadequate revenues

Inadequate revenues

Solution cluster Specific solution
Mar ket Product design adaptations
Mar ket Enable value stacking
Mar ket Product standardization and

Mar ket Appropriate baseline methodo
Mar ket Clear settlement procedures
Mar ket roles an Aligning supply contracts wi
Regul atory an Flexible connection agr eemen
Public suppor Sod bans
Public suppor Tax credits
Public suppor Direct support
Public suppor Renewable energy pool

Comp ainryt er na Ener gy procurement strategie

3.Qualitative assessment of fl exi
This section qualitatively =evaluates the solut]
industrial flexibility. The. evya®tudddresn iiantgtordwate
KPIl's that form the basis for the assessment. T
including market efficiency, the grid operation,
scalability, proportional ianyl, seake hot demphemept
these KPlIls provide a framework for evalwuating th
Sect3.odpr2ovides a synthesis of the proposed solut
the seven key performance indicator s, using a d
refl ect its expected desirability. | as saidgln t aon
guantitative solution priority score to <captur
Specifically, this metric links individual metr i
stakehol der8. 41 8 heeatniadrysi s i s furtherspdeicsiafggcr e f
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l ens by computing the solution priority metric
considering the most pressing barriers that that

Note furthermore that the solution priority metr

and,

Thi

as such, reflects their perspective.

3. 4Kely performance metrics

s section inttodacsessevamuKPrsal reféeicbilihte

extent to whhieclhp sa rsecalcunt iaonbr oader stohddeetsadtiboi d bjtec
i mpl emeatsol Thieosel ected KPlIs are as foll ows:

il

De l

ctricity Mac&kptturEdd itcheneyt ent to which a
er mar keltt faomwcern ®nwhglesale electricity
l ance settl ement and the capacity remune
on this <criterion if it i mproves ©price
ciently d@ ndemamnd eisntfd emarblet operations.

t
a
h

-~— 30 —
QT ™o

d Opervatliumant es how a solution supports the
the electricisttyhegrati.l iTthyi st oi nxllluedwi at e o
ngestion, t o -ecfofnetcrtiibvuet eg rtiod cpolsatmtho nlyge aall @ p
recover grid investment costs.

00 ®>—om

ustri al Compedtlietcitwse ntelses economi ¢ i mplicat
ustri al actors. | t ¢ o ncsoi nupear msio ewshaernt ehgee  ean esrog
t s, retain operational flexibility, and n
text of electrification and decarbonisatic
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ectivenesscé&nsScdeéendi botlhh the degree to whi
targeted barriers and the extent to whict
high scalability is more I|Iikely to gener

rtiaosnsaelsisteys whet her the solutions are a
ate one of the barriers, without being I
e objective.
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ments, administrative burden, and the
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based baselines and cl| ear settl ement rul es can b

scope and raise effective participation. These
matched to a specific system usetcasnearechpypedp!
for adequacy or congestion relief, while fast,

guality. Loosely targeted changes risk weakening
or degrading system peryormarane.t hdagth ifmporst apnr
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One particularly not ewsulb biydiisnetder vje@xwhibiohiitsya rt &t

moderate in solution priority and performs wel/l
early assessment cost s, such studies raise inte
making, and strengthen theTbegdabsbiroifsfkecfo sgorwo ¢ & c
entry point for firms unfamiliar with industrial
support instrumentsititvlieeyntarde rectt | wenryeysofffveang tI
by companies. Their primary value is as a first
deri sk the i-gberaédltegowhoch more substantive mea
actuall iftlyexpirboivi si on.

Overal l-supudriti ci nstruments can be effective enab
tightly targeted and include clear-idehegbaeds;y i

including disproportionate aswupeordistaitrin@ss, Cm:
the benefits.

Compaingt ernalsiltetvadbrdse i n the priority rankings.
i ncrement al i nvest ment approach-pird ofi aggenkabwur e
other | evers are generally judged |l ess wurgent 0
ordnegrirefl ects a pragmatic focus on changes t ha:
regul ators-hbuset adewpthti onensgi ewed as foll ow
Effectiveness, however, tells a more nuanced sto
addressing coreomparcihemsewheon depl oy t hem: i ncr e
appr oaccahnesl ower organisational and finamrciiailng hr
model s i mprove di spatch an-gr opcruorjeentetnt a psptrraaitseagl i
contracting with flexibility value, KaPrd iamtcergrrast
the topic in governance iamwd eammaemitteal, plharsrei n@.ol Wh
evaluation uncertainty, make benefits visible i1
that pilots scale.

The tafafdei s i mplementation effort and acceptanc
|l evers require changes to routines and processes
internal capacity, more complex cenmtiasetudleaadrenr
buiyn, and in some cases culture change. Stakeho
company KPIls or |linking bonuses to flexibility o
unf air or mi saligned withlts ewwrprl eantn rwdhlye sc.o mplaens e ¢
internal l evers as |l ess urgent even though they
Within the clustetrer mwoptpircancs i madrndadwton Bitmrat e
fl exibilit(yfocosetxamipsles contractual protections
activation rul es) receive moderate priority but
t hey reduce downside exposure withouwutai hiemgy asdg
i nformati amr esesgdgnipdres yet effective: they build ir
and are typically easy to roll out .

Overall ,-iocobempaay | evers are not substitutes for
they are complemenbmppnhhadseladoptondhem early are
to capture value once external conditions i mproyv
I nfrastructureiitnvesttiinfeenemi d¢ i er of company prio
solucl ot er, solutions struggle on ease of i mpl
because theyi nareemscapitalequire deep process int
coordination with grid operators and -vetagdons. I
l evers effective when in place, but hard to pu
effectiveness awlhepr dpot Diytedmelticteyniansdset sjt puffer
and grid reinforcements directly expand the tec!
targeted to site needs.
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Withis thuster,pbfagpgdlayt il orn pneordfuolrens be st overall:
integration frictions, i mprove interoperability
increases acceptance relative to heavy CAPEX opt
I nformation &Thiwarehasser sits in theelowed se
pri orciotmpeasiioensnot consider these measures critical
term. Neverthekesé§] csawbboeness campaigns and sh
cases perform stropalkyi cauclraorslsy KoPnl seffectivene
proportwobhadbuty generating heavy i mpl ementati on
stakehol der invol vement . These idn sctarnu memit 5t air et
perceptions,cempaemwidadhl jkinmiwledd ge omnr fdrea«r dy | mayk
functioni ng Howegweenrer attheir effectiveness depends
when paired with more operational tools such as
As such, compani es see informati on measur es | e s
accetteraa trhastk kkemrl y steps and i mprove decision o
Taken together, this reinforces thampactherféexisbi
requires coordinated progress: targeted infrastrHt
wi t h ndeerskiegtn adaptations, sel exnd vfee welg ud mg aog egmean
Physical investments remain foundational, but t

mar kedly when bundled with enablitgrgetiled @ull
support.
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Figure 3-4: Overall solution evaluation, part 1 out of 2.

Improve permitting procedures

Flexible connection agreements

Forward guidance on
energy policy

Reduction of tariffs for
flexible industries

Grid tariff design

Allow for multiple BRPs
at one EAN with submetering

Energy efficiency guidelines

Deliverabl e D: GAL”_E@

10!



Market design

Infrastructure
investment

Company-internal levers

69

66

37

25

63

56

37

21

21

. Product design adaptations

Clear product definitions

Product standardization and harmonization

Enable value stacking

Appropriate baseline methodologies

Simplified and combined prequalification

Clear settlement procedures

Production or buffer capacity

Behind-the-meter investments

Grid reinforcements

Plug-and-play IT modules

Standarized communication protocols

75

48

47

41

37

31

25

Figure 3-5: Overall solution evaluation, part 2 out of 2.
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3. 4Se3citsprecsdliuda g s s me nt

Whil e the previous analysis presented a gener al
i ndustri alf |leaxnidiasirclraiiptey, s , and hence effective sol
bet ween sectors. Thi ss pseeccitfiiocn @esxspolgasricslsg $sdelocyt oprr i o |
metric per sector. This al sowstarensnoras vesd ewlsetr
dependi ngperciifdestrial context and to what extel
may be walrim aonpaelovide sectfooerathi sa@alpghioenm iy scor e
cal cu(lwmgierdg t he s amee lnmeehohroddtadtidd giynu8s$ 4 g 1 ¢srpleyc itfh e
feedmanck he barriepsoaindendebobhwehohdeaccshewittolmi n

The ssespteoific prioriFtiigeads.eaNet prebantede 6AI I 6 c
gener al -pgdloutiitdres and comprkisg@darbBei gstbree Nemnher i e
furthermore that the values have been normali se
mparabl-wi sel ubhowi @t row

Mdat acentthe -hiighristty sol utsiecnsneédf [teoct g utahrea n t
interrupted dsdédrvivgd optbevpiesmdomg on t he specifi
ey may need to i nvtelse tienr aedgduiitpinoennatl thoe hbiendabl e
the electricity system. They furthermore str
ul d bermgfid reinforcements or a better (re) a
eement s. I n contrasthaskeedhawvresr pl agr ai hessei
text.

hemi cal seews oan preference for a diverse port
h scores spread across infrastructure i nv
rovements, -ianceroampdrwer s. Notably, i ncremen
keexd remel vy rieisghht sTHirom t he sector 6si ntoenngs ipweo |
et s as wel | as t he publ i c opposition faced
mechani sms are also highly prei orfi tdidsienlg f odi calk ¢
i est ment . I n contrast to datacentres, the sec
capabutyding, possibly due to the complexity of

nning.
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me and i mprove the business case for invest
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scores for pooling of flexibility resourc
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i bility witphooteegseshalUmpogteaeaoatéy, these mea
with @&oluaek capabinlities (both technical a
i bility autonomous!|l y.aghhegiantoer @atrtinerrghampdr
or6s reliance on external coordination. Sim
and gradually buil d i nternalscakperetriomeg wi
anges.
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sector al breakdown shows that flexibility
i al sector s, and that policy design coul
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c contexts and the maturity of internal f

—_—
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e operational i mpact s. I n contrast, sect
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Figure 3-6: Sector specific priorities.
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3.6oncl asesowmhuttioonsndustrial f1l exi
ThiChapthas cdadmamidl @eval uated a set of 43 practical

barriers to industrial flexibility. The selectic
from industrial stakehol der s, ensuring that the
solution was |linked to crit2amd duagasxzad acertad N
performance criteria, i ncluding electricity m
competitiveness, ease of i mpl ementati on, and s

assigned a quantitati ve siorpuotritoann c eb pnBebhacsBuirdeq 2 noe reaz
and for spe(lcPdd®i gmeIbtacsresd on (i) how solutions
barriers and (ii) how important the barriers are

Af ter comprehensively discussingedthe badiiveds alk
associated solutions b8&ocsleudtweoreet hetier é cdhta@eacd o mkiamge
barriers they can jointl y -laedvderle sosv,e ravlileowvitnhga tf oarl |
which solutions are most rel evant for speci fic
example, technol ogiimiatlataihgim® p@ad & ¢ ddo énst doaslgh a mi X
infrastructure upgr ardecsa p(aec.igt.y )b, atnmaerrki eetba p ebbudf if ees
reserve products), and internal ri sk mitigation
mappioig solution anflubtahei mor el isgelrisght s where
simultaneoumul tmpmalce arrier types.

The solution assessment reveals that no single t

unl ock industrial flexibilridryked ddlsutoiwmns S(eneg .o
i ncrement al i nvest ment st r aatdeagpiteast,i oasd pgoondbu ot
feasibility with high impatensOmethaefoaberubtaode
as batteries and process adaptations, whil e (

compl ementary @ac¢tsikomgniasgsumeaml i ned permitting

Finally, sppereidéectamal ysis highlights the i mporta
realities and maturity |l evels. Sectors that are
more fr-omnifnggmeval ue capturne caonndt rraisstk, nsietcitgoartsi onno
with flexibility provision benefit more from fou
i mprove revenue certainty. Again, flexibility ¢
require coor ddiarpateedd taoc ttihoen sgppeci fi ¢ needs of eacl
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value. These priorities recur i-hetalndg i oencti er
l' i kely to pay off.

text s h aFropre nasthhetmh ica |, p isreotskroebh a e r iodr sa

.€Eh e min@dalus er un cionntt e gnruaotuesd, threaaitn s wi t h
i onsgt iwheerreansphbsordaan shorten <catalyst
s, -sgpredc tarnid€ of ehmae o tnfga | data centres cart
saturated urbanl igmiitdesd fwlheé xaimbdislhiintfext sp
ldicttysof Food ppededyi mguails tyhand safet
sees economic and organisational const
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Table 6-1: Overview of sector-specific barriers according to their priority level
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