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Electricity Gid Substation The present invention
relates to electricity power supply grids and, in
particul ar, substations connecting 5 the synchronised
a grid. Mbdern Electricity Gids
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occur. No known control strategy can provide guarantees
against such failure cascades arising, or their
potential extent. Total failure of a Grid and blackout
of all supply remains a possibility, although effective
25 implementation of good practice can make this prospect
- remote, and can shorten the period of a blackout.
In Autumn of 2003 we have seen the consequences of this
inherent instability in four significant blackouts. A
huge blackout in the US, a short but high impact failure
30 in London. A major failure in 8. Scandinavia, and a
blackout in Italy.

_The inherent instability arises from fundamental

features of electricity that have driven the Grld
35 design:

- Effective instantaneity of transmission. Electricity
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travels through wires at fractions of the speed of
light. Although various equi pnment del ays the
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Gridsg, all synchronised to the same common frequency,
and a hierarchy of transmissions services {and thus
voltages). Each level of the hierarchy linke with lower
and higher levels through substations.
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Substations consist primarily of switches
interconnecting the transformers which convert or
transform the voltage. In general transformers are
designed to provide one of two services:

30 . "step up" transformers, so that the lower voltages
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at which electricity is generated is transformed into
the high voltages of the long distance high capacity
trangmigsion network, or

distribution transformers, which convert from
higher voltages to the lower voltages suitable for more
local networks. Several distribution voltage levels will
~normally exist before reaching the 230 volts now



hormal |y exi st before reaching the 230 volts now WO
2005/ 046019 PCT/ EP2004/ 012504 3 _ standard for
domestic and office use in Europe. Electricity Gids
have gener ally been designed on the assunption that
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he hierarchy to local denmand. La,ng}Eonomusm
generators will be providing gh_e power, and are
assunmed to feed their power into the highest voltage
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This control 1s exercised through generators (adjustment
of gensets for voltage and power phasing); transformers
(by choice of winding); by power converters {originally
motor generator sets but more commonly now Static
Converters or STATCONS), and even by judicious selection
of transmigeion circuits.

Grid managers exercise much effort in predicting flows
in event of particular component failures and thus
involuntary reconfiguration of the network, and using
these predictions to define and set configurations that
are tolerant of component failures. Depending upon the
planning and security objectives, these configurations
are normally degigned to avoid significant 1nterru§£;;;s
from any single possible failure. When failures do
occur, replanning and manual switching to restore the

levels of security become a high priority, so that once
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I'evel ¢ of security become a high priority, so that
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The scale of potential blackout extends to the whole
Grid. So long as the Grids are interconnected by A/C,
the flows in all parts are influenced by all other
parts. If one part gets disconnected, this impacts the
rest, and the configuration will often then be
inappropriate for the new circumstances. So further
overloads and failures are triggered.

In synchronised Grids as a whole, the frequency plays a
central control role. It indicates the balance between
_generation and load, If there is too much generation,
the frequency rises and if too little, it falls. 2 o
‘traditional role of the Grid manager is to ensure that
there are controls in place, usually from the
generators, so that the generation changes according to



generators, so that the generation changes accordi ng
to WD 2005/ 046019 PCT/ EP2004/ 012504 - 5 frequency.
That is, if frequency rises, generators reduce
output, and vice versa. An alternative and better way
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fate by a duty cycle, such as ref PCESEPHPHNLM 5

adj ust thel r duty cycle aCCOFéjI ng to the frequency. UK
Pat ent Number GB2361118 describes such a system This
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If the regponse is not appropriately balanced across the
Grid, then this can result in increased electricity
flows at the points or circuitg (ie substations) where
different parts of the Grid are intercomnected, and this
is often a cauge of a further failure in a cascade.

If two parts of a Grid become disconnected, then the
frequency of the two parts will tend to differ, and the
phasing of the A/C in the two parts will diverge. IF
there remain any interconnections between the two parts
of the Grid (even if these are at guite different levels
_ in the voltage hierarchy}, this phase difference will
cause unpredictable (and usually very harmfulj“ S
behaviours where they meet. Later reconnection must also
take place only when the two phases are coincident, and
must have sufficient capacity to carry the flows that




t ake place only when the two phases are coincident,
and nust have sufficient capacity to carry the flows
that r f WD 2005/ 046019 PCT/ EP2004/012504 6 are
needed to keep the two reconnected parts in on-going
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est abkt sdigd-o E)kggpe, and so called "digital
transforners and power converters are available for

many purposes and in many sizes. 30 Most DC
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distance DC circuits. These operate by converting the
A/C from one Grid into DC; carrying the DC a short or
long distance; and converting the DC back to A/C at the
frequency of the receiving Grid, Recently great strides
in the electronics to do this have been made, with
semiconductors (transistors and diodes ete.) able to
take larger and larger currentg. This is a well
established field, and so called "digital transformers"
and power convertere are available for many purposes and
in many sizes.
Most DC interconnections are engineered to enable power
to flow in either direction, commonly so that peak loads
on one Grid can be met in part by power from another
Orid whose peaks are a different times. This is most
useful if the distance is substantiai: ﬁéﬁéméggggggé-pc
transmission lines are used to connect the separate N
American electricity Grids, and the cross channel link
between the UK Grid and the Buropean continental Grid is
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20 275kV - and Grid Substations will transform the
electricity for thig network.

At each level, the Grid can, at least in theory, be
partitioned into multiple separate networks

25 interconnected via the higher level network. So geparate
275 kV networks can run in different parts of the
country. In practice, such networks usually have direct
connections also.

30 The higher voltage transmission network supplies
electricity to distribution networks at lower voltages
via substations, usually with a further reduction in
voltage. Grid Supply Points (GSPs) are also often points
where the transfer is metered, and there méyngé'g“;ﬂaggém”

35 in the ownership of the infrastructure now carrying the
electricity. '
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generally 25 assunmed to be consuned within the
distyibution network to which it is connected, doing
no MBT SIS ERUISIHg 2P HIP tPBWR2Y (aserRélYiikiver that
vol eleptnietivwr Klowdoiewer theahighored thigst Aebided to the

20 genesidsd QB1Sqd A E‘ggle&tingh@ﬂegvc%ﬁ'lcebgvﬁlla%%it he er

netV\é)rtk,o th'%l}%mear” ,.at tines; generate nore 3( 809\%%

t hali™1's CEn3TET i R PtRE<BF stirfilsaenstenetasek,
recently the smaller generators, feeding alectricity
into the distribution network have become attractive,
Electricity from this "embedded generation" is generally

25 agssumed to be consumed within the distribution network
to which it ig connected, doing no more than reducing
the flows from the higher voltage network. However, as
more distributed generation is installed, at whatever
level in the network, this will, at times, generate more

30 power than is consumed within the Distribution Network,
so making export to the higher level Grid necesgsary.

.This makes the Grid control problem even more complex
and potentially unstable than the simple onenagi.“m.

35 electricity flows. How should the embedded generation be
controlled, and how should the electricity flows from
distribution networks up to the transmission network be



so maki ng export to the higher level Gid necessary.
This nmakes the Gid control problemeven nore conpl ex
and potentially unstable than the sinple one way 35
electricity flows. How should the enbedded generation
be controlled, and how should the electricity flows
from distribution networks up to the transm ssion
network be 9 decided? What shoul d happen when there
is a fault in any of these -nmetworks, and how can
these faults be mnimsed? The present invention seeks
to sed¢oided? éhap plowldhappeniwhen thergds a fubvie anyTofgheseesent
| NVendtivorks, dnd ldwl dah Hesa SHIBE be miR¥ded®S a substation
connecting two grid parts operating at different
frequenci es and/or voltage |evels, the substation
conpF SRR EEFRIogsesks i tvs the PrblsmrsdAwttifiedi ndi cati ve
of thwveel ectricity available fromand/or the
electricity required by the two grid parts and
respon3| flow cont ns for, controlling.the flow
el ecﬁ?‘??ﬁsvt%veﬂﬁ%h 7 %ﬁ S?Wé’e r?ré’v’ﬁﬁ?%“qs‘%“?lés onse
t o t eranggting twe rid prig ¢peratingot félfﬁe@npﬁmlsncl@rmdé:rra{b 3ge
t he weagshd or nonitoring is confi gured to derive the
par aiEl o on rllﬁl mcg% Qf r%mIo éldanﬁe?e{rtil%di%artigén oﬁ?xe
|nteqrat|on §n one or both of the
gri PGy aé’?‘u‘ﬁb °1Pé‘§ pr .e}?ft.ﬂcrby smsh by thedwe ggdi o
par tsirtaped gispdngive fiow @ugblomeans fdreoroltinpiterfmedty, e. g.

a ta@wny%%tv@&nrﬂeétwghdms fh iptinkd RUbd Bd}alﬁ%f’\ﬁfthe or

a di Sk %utl on network a donestic appliance. The
subsTRE SR rr%y be | ocat ed betvveen any two parts of
the Gid. The frequency | evel provides an indication

of ' st r @scferably, theenghs fbr pRdnitoinig isREHfIHd to Badve the
e i oﬁmﬁr pﬁh of fhe gl I%Qgéﬁl)ﬁ{taﬁ ﬂé&g{f&{]&fya HQJUHI?CYO r

fr e?f{féﬂuen\%g?f @f I@“ﬂd""ﬁ%\?’fmq %reﬁ%ﬂ’omt&nder st r ess As

the grid parts may be operating at different
f r eRreRAMLIE SheAt il FHRY AN FereNBRISIRRE Gfd Iﬁtb?a?f@i%x e@eans
”Hytré?ﬁm&&ﬁ}{ n rlE %J@&]%t?lbﬁpoﬂqr'fc‘:gwgrﬁl(acs)reas dlgnbutmn ne?\ﬁgrk

f orapdgf @%IQW@%(H@ Slﬂ@WhEszb/edq etween any two
parts of the Grid.

The frequency level provides an indication of 'stress' of the grid part or
network. The measurement may be e.g. an absolute frequency value or a
frequency

deviation from a 'mormal' operating frequency when the grid part is not
under stress.

As the grid parts may be operating at different frequencies and may have
unmatched AC phases, means may be provided to match the AC phases or to
keep them as close as possible. This may be e.g. in the form of a



- 10 switch such as described in the specific
description. According to another preferred aspect,
the paranmeter of one or both of the grid parts

WOIMEAEHS a 5 signal indicative of an imbal an
befween the electricity available and el EET’FII’ZEQ‘”PVSM

required by the one or both,gf_the gird parts. The
managenent unit regul ates response within the grid 10
par t swirt chdeudh s dbbefibedaks %@@Eé&ﬂfmdﬂi@&&ﬂﬂt‘%nas
to the value of electricity to the grid part as a
whol e, at particular operating frequencies. The

pr ef er r eBCFEHEHs £ earAiBST apFafierred odagestt hehabove- 15

NentpaanRedteonifr ohei 65 mhbyf ef@bbi-ng ﬁafi%s(%érﬁpmstege

S par e ar o Res i 1 ot PPOAIER e e hee T

partltl oned I nto

pr o\ &Sgrl%lté’oﬁf’ﬁb]ra% PB@cﬁthrhmtmlﬂemmd@y the
di f fomeent Hatdbgoénelye odefapaisd.0 interact with each
other in a self 20 stabilising way, m nimsing the

| rrpatlgl of disturbances, and offering a controlled
(and gcr&?ﬂﬁﬂe@fnﬁo‘é}'éllt Féﬁﬂaf'ﬁ@ﬁagémseofﬂtlhﬂel the grid

10 subgtat i @ng damdipowertf hdmnsl sdh o ohr 9SO +o
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and gl es, t.he ar.chitecture

st rﬁgté u%glu% i Eﬁ&%’gg@ VLE)SUE t At :aoﬁar%oﬁ’ﬁ raof?’ﬁ‘g}e' &Fe
t hep§5{?fec”&tar\/\ﬂ%‘i”@\?é|"‘gl ePAi¢te hierarchy one
chooses to apply it. It applies when interconnecting
bet ween, JTransm.ssi on, Net.wor k
to a Dlrbster ?%é?gﬁ%%hgﬂ@k S%)Jsg trlc?rrﬁ 568015‘16 ch ¢ thisvepan

di S‘P?Ii‘t&?flfaf}n PR r Rsﬁ?ﬁsobaneﬁl%l‘&ﬂgd% Grigne e
of f TomemAkshougind Dhsthidupt of eidtedrrE rangenent s, t he

I NVeUtdi@R p ol ssmbalanesm
syn%ﬁr oni s Onéé n%% Iqﬁﬂﬁﬁt hgr%ﬂ%n% %mal ges

appt |c€5‘FF8ﬁ pJél 85 P]i‘qéd:l}ﬁ‘@ b Wmﬁeglgfequemy
PCHER2684¢® i2Gedact withleaditeahdirngh & sielfanot her

pr eftik eds asPesls, ﬁfﬁimising the impact of disturbances,
and offering a controlled (and econcmic) model for
management of the substations and power flows.

The control philosophy and principles, and thus the

- architecture and structure of the RespongiveSubstation
controller, are the same at whatever level in the
hierarchy one chooses to apply it. It applies when
interconnecting between from the national Grid
Transmission Network to a Distribution Network, or from
a local suburban distribution network into an individual
home or office.

- Although, in _the preferred arrangements, the 1nventlon
ig responsive to address imbalances in the synchronlsed
grids, the invention may also find application as a

trading tool.




paranmeter of one or both of the grid parts conprises a
val ue paraneter indicative of the value of electricity
to the one or both of the grid parts. 5 The val ue

I may (but need not) be a price which each
‘3’92@&%%{” is prepared to pay or charge forfCT/EP2004/012504
electricity. This price my %gry dependi ng on the
frequency or 'stress' level of the grid part. 10
Accor agﬁl%ngct:@r?irﬁggwnﬁa SHBORLAoret ey | URNL| Ofhe
prov, n_electriCi u grid._systém conpri sing
t wo %rl gleg?ﬁt%gggﬁn%%:bé&%bggay%@ﬂﬁtg SaEEB NS Bo
t he Yalugt pasperter frdiceitdveach e daber tofcobprtrsied tone

15 afo mheeohoadsbatkl F FRAAGIERHRI t for providing
gsaid parameter. In a preferred aspect of the

electricity supply grid system said managenent unit
i s & Velis AorAgetere maz0 (kwnwept hon. ok el mrias ehiyh
]?y SRict @m} Q{aﬁﬁD:[é? L:Jr@__ﬁté_ﬁedl &cﬂ%%?ngﬁ[&ﬁrgﬁ e t
re o} emfespective grid part. ~ These aspects
of %lhigg}g%%/%ﬁ i'onT%lrsz?’riLﬁe a gﬁryp‘?eé?eé’rdf“@% BEhixb8i ment |
used TPANRRSID O al PSR’ t hetde offi the RS dappect of the

10invention, so that flow of electricity is controlled

dependi A enc r_.stress' levels of the
connect 33: %%fi ﬁig%tg é%%orqug "\‘?Sﬁﬂ‘é‘E% EL%&W‘TEE‘F??“ at
t haPTPYEifife AByCtFtERBLEN |shppart ariB@yFhen neabrising

pr etes red.dapakis aionascnid Wheal B 8nCARGRRAL Sy 45 i N
2 [ ER0USIYCL Bl 0L el 1 DLl YL e SODEL NG,

responsi ve_su at'ions as de

> conB¥ MitHeohcadd dr apRsiRsiement ounl td ok aeevidihg asaid
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despardmedern UK WO 2005/ 046019 PCTI EP2004/ 012504 - 12
Pat ent Nunber GB 2361118. Preferred enbodi nents wl|
now be described, by way of exanple only, with
ref er end® fPTHETERE AFPSRYI f Bradedarmisity supply
grid system, said management unit is for regulating the
congumption of electricity by said one or more loads in

dependence on the frequency of the respective grid part.

These aspects of the invention are, in a most
preferred embodiment, used in combination with the first
agpect of the invention, so that flow of electricity is
controlled depending on freguency or 'stress' levels of
the connected grid parts and the value of electricity at
that frequency to the grid parts.

The most preferred application of the inventive concepts
. is in a responsive electricity grid system compriging

responsive substations as defined above, in combination
. with responsive load devices such as described in UK




Fig..1 shows a schematic view of an electricity grid
system havi ng substations between different levels in
the transm ssion and distribution hierarchy; 10 Fig. 2
shows a bl ock di agram of a responsive substation in
accordance with the present invention; Fig. 3 shows a

wWorogMsP agr am of a grid stress detector fRSH/ERZI84913504 he

preferred enbodi nent of the invention; 15 Fig. 4
shows a bl ock di agram of a-ré3ponsive flow controller
for use in a preferredlggbodinent of the invention;

r

Fi gPaBeRf, Jhbe Ty Pk & am of a substation flow

controller; 20 Fig. 6 shows a bl ock diagramof a

subst at | 9, £ JBAFULRHE N et 08t Ghw Fd BesbrSPONS ¥ way
bl ock di agram of a np Ref erring

t t . 25
fi 1St TS ORLYy B dbABF TN EBpTE S5ERPREFYITS

5 pr edeswingasenti on and preferred enbodi ments wll now

be descri bed. 30 As described above, an electricity
grid is nade _up of a sgherar,chx/],of | evel s_or, net.wor ks
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Oper At g kR8s Mot tand 08K e ri nRE DK 1HRURLERES USe
di fferent, vol tages. I\/?bzt %20{%% l%en rati ng stations
i nj ect &%kt Ai EFPYE iht°6°f g™t VD 266871946019
PCTAER2004/c@] 2504ccdBlanthi wldhevbe piewesteprnvgtion;

tr anff O¥ERf.53 gﬂbé% vaft bl o6RIddagreh &5t Itrai %iribltﬁfﬁlé@dt th he
Tr aBEHRERo o8 PEE b Tl B 1o o0 o Ragi PPy S ke
t heitkerthieon;ower voltage Gid is 5 275kV - and
G i d- Subsiat Lopaowd |d phbap{iagthhhee ehesbsidiviy e1ow
thléoﬂ%?o %@'for use in a preferred embodiment of the
invention;
Fig. 5 shows a block diagram of a substation flow
controller;
Fig. 6 shows a block diagram of a substation
meagsurement controller;
Fig. 7 shows a block diagram of a management

centre.

Referring first to Fig. 1, the general concepts
behind the present invention and preferred ewbodiments

will now be desoribed.

As described above, an electricity grid is made up of a
hierarchy of levels or networks connected by

substations.

At the top is the highest voltage level - the
Transmigsion Network - operating in the UK at 400kV.
Other countries use different voltages. Most large
generating stations inject electricity into the Grid at




*At each level, the Gid can, at least in theory, be

partitioned into nultiple separate networks 10
i nterconnected via the higher |evel network. -So
separate 275 kV networks can run in different parts

wRaps¥ipec " connect |ons ol so. 15 The hi chartlrpizlY
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transm ssion network supplieg; electricity to
di stribution networks at |ower voltages via
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consteeikicidyi for Huwghetwenkscessi on of | ower voltage
netvvor ks, with substati ons where they interconnect.

toth ponsi bstatl n,concept js the
oneRhesAoH 36 Fbat ke SEP oA PO ARG PRET e al |
devpeeisl@mnteﬁelnmtnmmplae eepprshe omtsedkso a single

freﬁ]H@é&‘?ébnnléGQe& hata thalﬁlgfﬂe%qm@a@y rié%'ivb@ﬁ 6L Qe !a.Pthe
al ance of

Thi éﬁ rogiEheg-reg &n §\‘“Sn’5f¥ dtlggﬁﬁ é’raﬁ El ?ﬁl’geas to
t hecsmra:tlef ofint prea@H cret swrtk peawdrion etsusddly byavsodérect

par bbghddaibest g14mdul ate their behaviour to provide
stability. WD 2005/046019 PCT/ EP2004/ 012504 - 14

This signal is noisy, fluctuating up and down
conthedugbkey webmadi hgenaniisgsdenmetvwoolsserliges i n

denambtaﬂ@l@yp@é YaigteiBidion ﬁ@t‘bmsem:en&w&f vbb!t§ges
fluctuation

ol B R E e pRa e sEehre et dr et PEe s
possdiage -t fusd %@aﬁvsﬂqmlsl yeskoekenglndifeedupdints

fl ughdial it@BSLAGI8S 8o @88, RARUILALLONRayT BeSa i ShAfR
of tl']ethcflar Ic%gé:?sl:ttl%wao%d&e infrastructure now carrving the

electricity.

Multiple distribution networks may be fed from a single
GSP, and carries the electricity to the many points at
which it is consumed, again through a succession of
lower voltége networks, with substations where they
interconnect,

Core to the ResponsiveSubstation concept is the emergent
feature of synchroncus networks that all devices on the
network are gynchronised to a single frequency, and that
this frequency varies according to the imbalance of
supply and demand on the network. This frequency is a
gignal to all participants as to the state of the o
network, and one used by some participants to modulate
their behavicur to provide stability.




*larger Gids. 10 However, if there is an adequate

provi sion of Response (ideally in the form of

Responsi veLoad devices - snaller duty cycle devices

t hat nodul ate their consunption according to the Gid
ency, and so help achieve a nore even bal anc
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achieved within nuch smaller Qonalns Wth
Responsi veLoad devi ces, i mbal"ance can al so be
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neeﬂlu&&aﬁ%ﬁeﬁﬁ& &dTRhRe 061d£%F BhEGibhGl [ ¥ W !Mﬁ

donuai n; to consu re or. less el éctricit,
C he Boqela the, SERE (GE bRt Gd pfoTaran ok peeq ot bhie
ot hetatikinwiadlg) sm@EGhThe ialiorduel filhetneethnsraerhes a
or @9£gé1h'p% ﬁ@étﬂ?‘r?n Thi 8 HE @RheWhk N @rﬂ@é:’.@rt‘&wgkdg“ d

pari oper tion of ResponsivelLoad devices; can
di r eet¥sF ed fromthe deviation of the frequency
fron1the chosen central or control frequency (e.qg.

SOI'EotQévéOH?Lk %efé"%sd%dbq%sﬁﬁevﬁ%&lgﬂgﬂmcﬁd@%sﬁéné@e

ant aneous

nor
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par aneters tg%{ ref Iect nature of the

ResBOTRS ISBRoRALHF 1 FEeR Uiepyfetent, and nature of |
on. signalhicendepacitreed as thénsihetle dmal bexr Someits nByith

t hepygldHm vef oflelrs ey dammadahdd) &9 also be tolerated
for much longer without disturbing the stability of the
domain, and so giving opportunities for considered
actions to restore the imbalances.

Within these smaller domaing, there will still be a need
to:
generate more or less electricity within the
domain;
to consume more or less electricity within the
domain; or ,
© to import or export electricity from other

domain(s}.

The volume of the need, whether or not this has been
reduced within a network or grid part by operation of
Responsiveload devices; can be directly derived from the
deviation of the frequency from the chosen central or
‘control freguency {(e.g. 50Hz or 60Hz) of the doméi;
With knowledge of the "normal" demand the extent of the
instantanecus shortfall (in, for example, kW) is a

function of the departure in frequency from the control



'5 exanmpl e kWh) can be directly derived by integrating
the departure of the frequency since it was | ast at
its desired point and again the key paraneters
reflecting the ResponsivelLoad. In practice, this can
measuring how far a clock driven b

red by
Wﬂ?&gﬁ?ﬁiéuency 10 departs from an accurate PPN o

the know edge of the "normal’ -denand of the network
does not change quickly, it is a paranmeter that can
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10 Theyegaiss fobm exalheatdeclRike that they will be
prepar ed to pay $50 per MM for extra electricity

delivered (wwthin a nmeter period) when the shortfall
excéedee (ay knswigdgeThé B Imorwnd bl |degandrefaditey be
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2008) U460 19 FEHY 9008 012 R64 Sty SREGE aeayitaLe,
st orB@escheaneps ))diggambeatsst te padrisdpenion wellwien
t heg@vdrizener Ssheyit alhk, and so avoid the extra
20
When there are imbalances, participants can know the
extent of the imbalances and decide how they are going
to react. The management of the frequency domain can
influence these decisions by, for example, publishing in
25 advance the price they are prepared to pay (or charge)
to correct specified levels of imbalances. They can, for
example, declare that they will be prepared to pay $50
per MWh for extra electricity delivered (within a meter
_ period) when the shortfall exceeds (say) 5MWh. The
30 shortfall can readily be expressed in seconds of clock
delay rather than MWh. In this context, extra
electricity delivered is exactly equivalent to
electricity not consumed,

35 S0 all participants can set their control systems to
react to this signal according to their price
sensitivity. High consuming devices (such as water



‘costs. Those with backup or peaking generators can set
their systens to inject electricity into the Gid when
5 the price threshold exceeds their cost. Generators
can increase or reduce their output to reflect
t he, e in cost. Al so, ResponsiveSubstations c
“%H@%@%“ ether to 10 increase or reduce tﬁgnmumumnmm
electricity that flows to or1%r0n1 t he ot her network
to which they are connected hey control a portion
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prigg..conparison to decide whether to change the

flows paSS|ng through it. If the price on one network

is high, and on the other low, then it increases
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perhaps only in a sna
! he Chta S EEE B A VSR GTRY afkt S5 ERETGE: TV he
frequﬂﬂccblea pbybiarecht Thé simpicrk, andy expoent noy exdévpges
hysidg to different points on their price
curves and so continue to nodul ate their behaviour.
In aspects or enbodi ments of the invention where a 35
15 vakueporm‘lvebabstaitjidm hava akénriinto caopbiertiorhi gni s
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It pRYeA 32 PRAVIMRIARCHNDR! ki Nthave its own
20 management, and the set of prices published for that
domain. The ResponsiveSubstation can use this price
comparison to decide whether to change the flows passing
through it. If the price on one network is high, and on

the other low, then it increases flows from the low
25 price side to the high price side (or reduces flows the

other way) .

These changes in flows will, perhaps only in a small
way, change the imbalances on each network and so change
30 the frequencies involved. This will, in turn move
devices on both side to different points on their price
curvesg, and so continue to modulate their behaviour.

In aspects or embodlment:s of the invention where a

35 1value! of electricity is taken into account, this is
preferably in terms of price. Price is a convenient and
very powerful way of expressing the modulation of



econem c rationale to encourage this behaviour that

WRWBH81% eSubst at i ons and Responsi veDevi c&S

reflects the econom c and commercial relationship that

5 will often exist between participants. But the price
need not be financial. In sone Gids, for exanple
within an industrial estate, the "prices" 1passed to

TERRYP4/012504

reflect the outcone of conplex control optimnm sation
anal yses, 10 with the price A3 nore than a conveni ent
paraneter._to ngnaglg tr:1Le cg-]?rdj nati.on of the_devices.
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in response to imbalances are not set in the base deal,
and it is these prices that are moderated by the

management ©of the freguency domain.

Thus, whe;e price plays a role in controlling the flow
of electricity, there should be a measure of the
ResponsiveSubstations' contribution to {or deduction
from) their respective Grids. It may be that the signals
used to control flows will be acceptable as metering
records, but ResponsiveSubgtations may also include
meters to record electricity flows. These meters feed
into the ResponsiveSubstation controller, which then
multiplies the difference in flow from tﬁe default by
the price, as calculated from the frequency signal, and
accumulates the value due to or from the frequency

domain oxr grid part management.,

~ The domain (or grid part) management will, of course,



‘al so know the total power flow across a

Responsi veSubst ati on over the neter period. These w ||
need to be consistent with the price claimof the 5
Responsi veSubstation. There remains a possibility that

sponsi veSubstation will have "ganmed” so flow n
v&&&??&“lﬁ@?ty agai nst the best interests of PCHEFIPYY254hd
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for its own profit. (For exgg&xg e, by flowing extra
electricity at low prices and Teducing flow at high 10
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failures it may be helpful to attribute the failure
di fferenti al

e&%l q{da? er, and haye a price

asso BN ERR B PR | Bt ifori gads Gxid.
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sys n% %@ould recei.ve | T val'de of its
exPaFEes E%%%/Vﬁ ‘1 VE%&FAP/ GR3504e prige on
the two sides is identical. If a ResponsiveSubstation
sees a low freguency on one Grid, its import of
additional electricity to it may not be material on the
frequency of the exporting Grid, but this electricity

cannot be free.

Failure modes may occur, in which contracted electricity
does not flow, and this can be treated as an equivalent

reverge flow that needs to be paid for at the (variable)
price indicated by the exporting Grid management system.

When there are failures, it may be helpful to attribute
the failure to one side or another, and have a price
differential associated with the failure attributién.uif
a ResponsiveSubstation is fit and ready to export, but
no electricity is avallable, it is the exporting system
- that should not receive the Ffull value of its "exportsh.



*If, on the other hand, the inporting

Responsi veSubstation or Gid is unable to receive the

flow, then its unintentional "exports" should be

di scounted. 5 Each Gid managenent w || have to derive

V#(izi V\% rice fornulae for converting the G
Efﬁ'é g{/) i mbal ance signal into a val ue FﬂHFPzﬂQ‘UO%SM

pay (or charge), ResponS|ve§§bstat|ons onits Gid.
This is a conplex 10 anal ytical and market exercise

(out ¢ dent BRe SHIRE: ﬁfand”ﬁré amg& 3yl on), and needs to
be ned t ra signals to .
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their own ResponsiveSubstation through which
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CoONkyotdu®y.S Thedd @GN hE Qg systems may publish
prices that are offered only to corresponding
RespongiveSubstations on the Grid.
To preserve Grid stability some sort of co-ordination
between the Grid management systems may be desirable,
but the inherent stability of the ResponsiveGrid may
make this unnecessary.

An example ie a possible evolution.of the UK Stage 2
retail electricity markets, which could require
competing suppliers to have their own infrastructure on
each local Grid in the form of their own
ResponsiveSubgtation through which electricity is flowed
to meet the needs of their customers, each with their
_own domestic ResponsiveSubstation communicating with the .
suppliers Grid wmanagement system. B

In such circumstances, it is possible for multiple
ResponsiveSubstation controllers - the control and



"WO 2005/ 046019 PCT/ EP2004/ 012504 - 20 pricing logic
- to be dedicated to each supplier, but for the
electricity flows to be integrated into a single
physi cal set of power controllers. The fl ows demanded

v%yzo @éﬁ'g Responsi ve substation Controller are sunmed
&ﬁ? 5 atotal electricity flow, and PREEFRMAEEH

flow i s proportionately attributed to each Controller.
Such "virtual Responsi vesSubst&t irons are one way in
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of ResponsivelLoad is its 20 capacity to let the Gid
absqrb_bi tuations, such as loss of a big power
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m niwiichi bpacivierst b Wiee dhsiibutdbnt et vorkdead Hrovide

10 MLk Sedll SSIRRLeM; L0850 fAdeAr ge _popul ati on of

devices, giving tine orrective 25 control or
mar ket reaction. After such events on a synchronous
G i dosveoy whe ¢thhy anchénehent rdagkbysidngepeFrngs sAffom

Sub%%hé’é‘s Mid lthughsﬁﬂﬂ'@ . eg%{f&% ng Eﬂé”é%%l%ral

% articularly 30 those Ing an area
g% E‘ﬁ%‘?‘f@ e Ogi GH§W%“&3€&d°He%%’é’§}3rF%UC| ng
15 t hemnséqudmmewmm kg1 aperaoriaeet ﬁ@bnﬂﬁdt}lobyof
Res RaBsLNs vakalidhdnRE SRARNELYR T BELGE, Ure VAl Ue
par a he net naj or failure
hapﬁ@ﬂ%rﬁ?‘fl eé’ﬁflfjeri‘ S&'a\i\?e%d&ecl i ne (or ri se) in

frequency, but the electricity flows across the WO
20055@”@@3591epg{'@é@@ﬂé@@@ésg)onsivelxoad ig its
20 capacity to let the Grid absorb big fluctuations, such
‘as loss of a big power station, or loss of a major
transmission line, with minimum impact on the operation
of the Grid. The impact is dissipated across a large
population of devices, giving time for corrective
25 control or market reaction.

After such events on a synchronous Grid, very quickly

the electricity flows across A/C substations will

. change, some increasing flows and some (particularly
30 those feeding an area with a high density of

Responsiveload devices) reducing them,

If the networks are connected only by
ResponsiveSubstations respongive to price or 'value!
35 parameters, the network on which the major failure
happens will suffer a steep decline (or rige) in
frequency, but the electricity flows across the



‘21 substations connected to it will remain unchanged
until the price nmechanismcuts in, and the

Responsi vesubstations start nodifying their flowin
reaction to the change in frequency, thus changing the

“%{055?0%6%{103’ of their other Gids, thus br%%‘%@”“}“%ﬁ'

esponse (and ResponsivelLoad) on these ne
sone cases this may be too slgw and it may be
appropriate for Responsivesubstations to nodify their

10 fd@usatiomdiahgbd¥cdd dLIRORSE trRmb a8t ihARgEes itil
fre%g%(ncx, on %&,de or. the ot h(ﬁr of their connected
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' One possibility is to have a "Response Pags-through®
mode of operation of RegponsiveSubstations in which the
control is to try and lock the two frequencies together.
So the ResponsiveSubstation modulates its flow to strive
25 to keep the two frequencies as close as possible,
changing flows in immediate response to frequency
changes on either Grid. This mode operates until the
gtress on the overall Grid exceeds a threshold, and the

ResponsiveSubstation reverts to price sensitive f£lows.

30
This could be implemented as an A/C switch within the
ResponsiveSubstation, which is closed in "Responge Pass-
_through" operation, but opens when a Grid stress
thresheld is reached. It will then be closged agéln when
35 stability is restored (and the two networks are in

phase). This possibility is incorporated into the
ResgpongiveSubstation architecture.




‘phase). This possibility is incorporated into the

Responsi veSubst ati on architecture. WO 2005/ 046019
PCT/ EP2004/ 012504 22 Such operation does raise
conplications concerning handling the (inevitable)

nces in flowfromthe contracted default fl ow
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Bctual flow arising from ResponsPGEHEP2004/012504
behavi our. This can be handl ed by contracted 5
paynents to cover the vari afitohs. Grids are subject to
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and SFET BJe‘FfaRV § Pwo’fntot ﬁEa’G'Q"H-QM |1 depend upon the

depth of Response available. If the change is
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the Grl d ]3:1\4 cascade &
loss o electr1c1ty flow from one gsubstation will be

instantaneously transferred to the other. In the words
of the Statement to the House Energy and Commerce
Committee for its hearing on the Northeast Blackout of
August 2003 '"When an element trips, existing power
flows are instantaneously redistributed onto other
elements of the grid according to the laws of physics,
irrespective of state boundaries or ownership of the
transmission facilitieg."

If ResponsiveSubstations are in use, the redistribution
will not happen instantaneously, and the behaviour of
the Grid will depend upon the depth of Response
~available. If the change is significantly greater than
the available response, the Grid will cascade to o
‘Blackout.

There is, however, a short time during which the



There*is, however, a short time during which the WO
2005/ 046019 PCT/ EP2004/ 012504 - 23 frequency wll be
falling fast, but will still be within limts. If
this rate of change is detected by

_ . veSubst ati ons whi ch have capacity to rapidly
v@ﬁ%ﬁ’g@%‘%el r electricity flows in the desiPFE§P2004/612504

direction, 5 the cascade can lg,e prevented. The
Responsi veSubst ati on may al sé°détect failures whose
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infheenge is, by its nature, nore |ocal than the
Gids involved, but may also 35 be subject to active
| ocal feedback control using paranmeters set by the
G i ushneygebentcBEryT estichizewslT ategy 1 dse exer ci si ng

thi Srd HrodeRkRed SnR8Y R Rellfonsivesubstation, and any

price based reward can also be pre-programmed.

This is achieved by having an "Event Recovery" mode for
the Flow Decider element of the ResponsiveSubstation.

If the speed of detection and change of flow cannot be
achieved, it would become desirable to limit the flow to
or from any Grid through any one ResponsiveSubstation to
approximately the total available Response on the Grid.

A ResponsiveSubstation will, via its power electronics,
have opportunities to influence the voltage and
transmission of reactive electricity on both the Grids
to which it is connected. Such influence is, by its
nature, more local than the Grids involved, but may also
be subject to active local feedback control using
parameters set by the Grid wmanagement Centres,

The strategy for exercising this influence is beyond the




WO 2005/ 046019 PCT/ EP2004/ 012504 - 24 scope of this
specification. However, ResponsiveSubstations wl|
normal |y be able to provide voltage control and
reactive | oad services of value to the Gids wthout
undue detrinment to the 5 ResponsiveSubstation
VERP)UEY? ResponsiveGrids shoul d very rar @FHEROBIR2504
out. When they do, the ResponsiveSubstation provides

support for rapid recovery. concepts are key to
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15t heremeapgpsat.s to be a conflict, with nultiple sources

of uns t ki 0.t his_.ha ns,
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ResponsiveGrid will have only a single Black Start
ResponsiveSubstation. However, since this creates the
posgibility of a blacked out Grid not being re-energised
if the single Black Start ResponsiveSubstation has

failed, or itself sees no electricity on its other Grid,

25 there may also be a priority system, with protocols,

with and without use of the internet, to decide which
one will take the first step. There can also be Feedback
to detect if there appears to be a conflict, with
multiple sources of unsynchronised electricity. When

30 this happens, the Ethernet technique of exponential back

35

0Ef can be applied to decide.

_These two concepts allow the ResponsiveSubstations on a
Grid to progressively flow more electricity usiﬁéméﬂén
pricing mechanism (perhaps using special pricing tables
/ parameters initially) until normal Grid Freguency is
approached, and loads can again consume. This will be




/! paraneters initially) until normal Gid Frequency is
approached, and | oads can again consune. This wll be
WO 2005/ 046019 PCT/ EP2004/ 012504 25 nuch faster in
operation than pre-planned nanual operations. The key
role of a ResponsiveSubstation |lies within the 5
WORW504H8 t he nmanagenent of flows between ReAviPgoogfizinhe
overall Gid network. However, the concept and the
device is useful even if oné &Fde of the
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then a ResponsiveSubstation may exist within home, a
cooker, a washing machine a heater, a boiler, a CHP
20 plant, microgeneration, a wind or tide turbine, even a
photovoltaic array. Indeed a vast array of intelligent

devices.

Referring now to Fig. 2, a preferred embodiment of the
25 responsive substation will now be described in more
detail.

Fig 2 shows a possible embodiment of a
ResponsiveSubstation., It provides and controls

30 electricity flow between two Grids, known as Grid A 1
and Grid B 2. For purposes of explanation, Grid A is
assumed to he higher in the ResponsiveGrid hierarchy
than Grid B, and so may operate at a higher wvoltage.
When it does so, the higher voltage is reached by an

35 (optional) step up down transformer 3, which converts
the working internal voltage of the ResponsgiveSubstation
to the Grid A voltage. Grid A (optionally via the step




* 85 (optional) step up down transformer 3, which
converts the working internal voltage of the
Responsi veSubstation to the Gid A voltage. Gid A
(optionally via the step WD 2005/ 046019
PCT/ EP2004/ 012504 26 down services of the _
WP AP er 3) is then connected to an ACCIGPRCHEZREr
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the voltage and phasing of the electricity.

20
These power converters together are one embodiment of
power electronics able to control the guantity of
electricity flowing in either direction between Grids A
& B and known as a Respongive Power Converter,

25
The power converters will normally have a capability to
influence or directly control the voltage at the point
at which they connect to the Grids. The necessary
voltage control systems and associated parameters will

30 normally be embedded within a Responsive Substation, but
are beyond the scope of this specification.

The Responsive Flow Controller 8 also explained further
below (Fig 4) decides how much electricity is to fldw;

35 and controls the Responsive Power Converter accordingly.
It does this, in the preferred émbodiment, by using
prices, parameters and policies published and



The Responsive Flow Controller 8 al so expl ai ned
further below (Fig 4) decides how nmuch electricity is
to flow, 35 and controls the Responsive Power
Converter accordingly. It does this, in the preferred
enbodi nent, by using prices, paraneters and policies
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20 to include the internet 13, and this may be reached by a

Radio Intermet Access 14, These communications will be
protected by various conventional encryption
technologies to ensure communications between them are
secure against unauthorised or malicious messages.

25

A key feature is that the communications between the
Responsive Flow Controller and the various Management
Centres need not be in real time for the
ResponsiveSubstation to operate. Even when the

30 communications are unavailable for quite long periods

(even indefinitely) the ResponsiveSubstation will
continue to operate and provide its services.

It does so by taking and reacting to signals from one or
more Grid Stress Detectors associated with each Gridi‘gg

35 Grid A has at least one Grid A Stress Detector 11 and

Grid B has at least one Grid B Stress Detector 12. These
devices can be identical and are described further below




30 cofmuni cations are unavail able for quite I ong
periods (even indefinitely) the ResponsiveSubstation
will continue to operate and provide its services.

t, does so by taking and reacting to signals fromone

or nmore Gid Stress Detectors associated with each
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Changes in electricity flow have economic implications
for both Grids. So the ResponsiveSubstation incorporates
measurement systems to record the power flows and
convert these into transactions. This takes the form of
Meters recording the flows: An A to B DC Meter 15, and a
B to A DC Meter 16. The processing of the meter readings
1s discussed further below (see Fig 6).

-Grid B may be very small, perhaps a single home or a
power distribution system within a product or plant. It
may therefore be appropriate to distribute electricity
on a Low Voltage DC Bus 18, with the voltage on this bus
formed by a DC to DC Power Converter 17.

If Grid B is small, it may be appropriate to. exercise
control of devices and appliances, directly from the
Regponsive Flow Controller, whether or not they are fed



Gid B may be very small, perhaps a single hone or a
30 power distribution systemw thin a product or
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putsgnofifomiised. When this is necessary and useful the AC
Switch and Phase Detector 20 can be Fitted. This
provides an electrical path between the two Grids, thus
keeping them fully synchronised, and leaving the
Responsive Power Converters out of use. When, however,
clrcumstances arise when the synchronisation puts one or
both of the two Grids at risk, the Responsive Flow
Controller can instruct an opening of the switch,
forcing any flows to pass through the Responsive Power
Converters, and bringing the electricity flow fully
under the control of the Responsive Flow Controller.
When the Responsive Flow controller again determines
that a direct A/C flow is desirable, it will instruct
the AC Switch and Phase Detector 20 to close when next
the two Grids are detected as being phase synchronised.




both of the two Gids at risk, the Responsive Fl ow
Controller can instruct an opening of the switch, 30
forcing any flows to pass through the Responsive Power

Y(]f‘ﬁnverters, and bringing the electricity flow fully
U8 control of the Responsive Fl ow SSHERBM[0E504

When the. Responsive Flow controller again determ nes
that a direct ACflowis desirable, it will instruct
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20 C}i¥F=cwégﬁgn%gm%ﬂaghCentral Grid Frequency to above it.
The Nominal Central Grid Frequency NCGF A or NCGF B is a

parameter passed to it from within the Responsive Flow
Controller. The trigger signal is passed to a Speeding
Clock Comparator 25, which uses it to reset its output
25 to zero and to lock the start of the clock comparison.
From then on until reset the Speeding Clock Comparator
25 compares a clock driven from the Grid fregquency with
a clock driven by the NCGF, and the difference between
the two clock is the Grid Excess Signal 26 passed to the
30 Resgponsive Flow Controller 8.

This signal is a function of the accumulated excess
generation of the comnnected Grid since the NCGF was last
Seen.

35 Grid frequencies below the NCGF involve a further
Central Frequency Crossing Detector 27 which creates a
trigger signal whenever the NCGF passes from above to




‘@ cldck driven by the NCGF, and the difference between
the two clock is the Gid Excess Signal 26 passed to
the 30 Responsive Flow Controller S. This signal is a
function of the accunul ated excess generation of the
connected &id since the NCG-F was |ast seen. 35 Gid
RHNE es bel ow the NCGF invol ve a furt REFEP2684{§12504)
Frequency Crossing Detector 27 which creates a
trigger signal whenever the R&GF passes from above to
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accSraat IlBEO both clock comparators Thus both Grid
Excess and Grid Shortage signals would be reset when the
NCEF is seen,

20

' A further alternative is to also maintain an on-going
Grid Excess signal, so that an awareness of history over
a while is maintained.

25 Other embodiments are possible with the key feature
being an ocutput functionally related to the accumulation
of Grid excess or Grid shortages since a reset point.
The reset point may be the Grid frequency passing the
NCGF, or, in order to avoid frequent resetting when the

30 frequency is very close to NCGF, it may be a more
complex function of the history of passing the NCGF.

The Grid Stress Detector described so far can provide a

"pure" Responsive Flow Controller with all it needs to
35 make optimum decisions concerning the flows between

Grids. For greater choice in configuration during

transition stages, the Grid Stress Detector may also
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The reset point may be the Gid frequency passing the
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- under low frequency stress.

When any of these limits are exceeded, Grid Stress Alarm
Bignals 34 are passed to the Responsive Flow Controller,
25 which may then change its mode accordingly.

The Low Frequency Limits Detector 35 compares the
measured frequency with limits defined by parameters 33a
passed from the Responsive Flow Controller {as part of
30 the Flow Policy Parameters 53 of Fig 4). There are two
frequency limits: FLGC which defines the Grid frequency
at which the Grid is deemed to be under low frequency
stress. And FLMin, which defines the Grid frequency at
which the Grid is deemed to be in low frequency crisi;:
35 The Reducing Frequency Limit Detector 36 compares the
rate of change of the Grid frequency with a limitnFDRGS.
Thie defines the maximum rate (Delta) at which the Grid




‘The Low Frequency Limts Detector 35 conpares the
nmeasured frequency with [imts defined by paraneters
33a passed fromthe Responsive Flow Controller (as
part of 30 the Flow Policy Paraneters 53 of Fig 4).
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20 there 1z 1o Ncé% aVallable from a Grid Management

Centre, the ResponsiveSubstation can still deliver
useful function,
2. If a Grid is capable of operating with two or more
NCGFs, then the Grid Central Fregquency and Parameter

25 Detector will choose which one is current, and thus
decide the mode within which the Grid is running. For
example, there may be a CGrid crisis frequency that is
below that used in normal operation, but that is used in
Grid erigis or Black Start circumstances. When the Grid

30 is operating in this mode, and so with this low
freguency as the NCGF, electricity flow may be wholly
reserved for Grid survival and restoration, and all
other uses of electricity prevented. The Central
Frequency and Parameter Detector will also decide when

35 the Grid frequency has reached a point where more normal
operation of the ResponsivegSubstation is possible, and
shift the NCGF to the normal central frequency.
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and default pricing parameters. This would give the

ResponsiveSubstation stable methods of controlling
electricity flows even in the absence of a Grid
25 Management Centre or communication with it.

A preferred embodiment of the responsive flow controlier
will now be described with reference to Figs. 4 and 5.

30 The Responsive Flow Controller is responsible for
deciding what the electricity flow through the
ResponsiveSubstation ghould be. Each

_ResponsiveSubstation will have a single Substation Flow
Controller 40 {see also Fig 5). This controls fﬂé

35 Respongive Power Converters, using inputs from one or
more Flow Deciders 48. The multiple Flow Deciders (and
assocliated logic) are to enable the owner of the



Responsi veSubst ati on stabl e nethods of controlling
electricity flows even in the absence of a Gid 25
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One embodiment of this calculation is to use the Grid
Excess (or Grid Shortage) signal to select an entry from
the set of entries in the Grid A Pricing Tableg /

25 Parameters. Alternative embodiments may use one or more
parameters to be used in an arithmetic operation on the
Grid Excess Signal to derive a price signal.

Other embodiments may also make a selection of the

30 Pricing Tables / Parameters to be used in the price
calculation depending upon circumstances. For example,
there may be a default set of pricing tables /
parameters, which are to be uged if there has been a
loss of communication with the Grid Management Centré,

35 and the information has time expired. There may also be
different sets of pricing data concerning different
metering periods within a day, or a week, or over al




the set of entries in the Gid A Pricing Tables / 25
Paranmeters. Alternative enbodi nents nay use one or
nore paraneters to be used in an arithnetic operation
on the Gid Excess Signal to derive a price signal.

Q her enbodi ments may al so make a selection of the 30
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The Plow Decider uses the information available to it
from various sources to decide how much electricity
should flow. The sources are: the Grid A Frequency 49
and the Grid B Frequency 50. Information about the

25 current flow from the Substation Measurement Controller
51 (and Fig 6). The status of each Grid from the Grid A
Streas Detector 42 and the Grid B Stresgs Detector 45.
Pricing and relative Pricing information from the Price
Comparator, and a number of parameters, Flow Policy

30 Parameters 53 and Response Policy Parameters.

In one embodiment of the Flow Decider 48 it first
. decides the mode it is in, which may be:
Normal Mode. In this mode the decisions aﬁou£—
35 changing electricity flow are derived from Flow Policy
Parameters and on price. This is the preferred mode, and
will be in operation if conditions dictating other modes




from various sources to decide how nuch electricity
should flow. The sources are: the Gid A Frequency 49
and the Gid B Frequency 50. Information about the 25
current flow fromthe Substati on Measurenent
Controller 51 (and Fig 6). The status of each Gid
WOHRAY°Gid A Stress Detector 42 and t RETEPI00/B2504
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Black Start mode is when a Grid operates at a Black

20

Start Frequency. A 'black start frequency' is a grid
frequency that is below the normal frequency of the
Grid, and used during recovery. There may be a set of

25 pricing tables/parameters associated with this mode and
a similar pricing mechanism can be used as in responsive
operation. In one embodiment, this will operate to
increase the frequency until it reaches FH,.« for that
NCGF. This will normally be 5% above the Black Start

30 Freguency. When the grid frequency reaches thisg, the
Grid Stress Detectors will shift their detected central
frequency, and the Frequency Decider will move to Stress
Mode. When a Black Start Frequency is being operated,

_ only a single Flow Decider is active, but the prlclng

35 tables are set to encourage movement of the frequency
towards its highest frequency, when it will £lip to
Stress or Normal Mode.



Responsi veSubst ati on, as described for Black Start, is
20 then carried through by the Flow Decider. One
subset of Black Start node is when a Grid operates at
a Black Start Frequency. A 'black start frequency' is
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Event Recovery Mode. This wode, which need not be

implemented on all embodiments, arises when alarm
signals from the Grid Stress Detector, principally the
Grid Frequency Rate of Change detector, indicate a

25 significant failure event on the Grid. The alarm may
also arise from voltage changes detected, but thig is
beyond the scope of this specification. When such events
arise, the ResponsiveSubstation will change the
electricity flow as fast as it can according to

‘30 pre-programmed event recovery actions. The amount by

' which the flow changes may be some preset Function of

the existing flow, or may be a simple step change. The
change does not need to be a exact replacement of the
electricity flow lost from the failure, but move -

35 substantially in the right direction. Once this change
has occurred, the ResponsiveSubstation can move to
Stress Mode and from there back to normal operation.




15 Stress alarnms. This node will generally behave in
the sanme way as nornmal node, but enbodi nents may use
different Pricing Tables / Paraneters. Wiere there are
nul tiple virtual ResponsiveSubstations this node may
used to disable all but one of them and use a
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absence an ot her condition e
rom t e NCGF. A parameter, called Droop, w1th1n the
Response Policy Parameters 54, is used to multiply the
frequency variation into a wvariation to the Normal Flow.
This has the effect of making Response in Grid B
available to Grid A. 'Droop' is a parameter used to
convert the percentage departure of Grid frequency from
the NCGF into a percentage change in the electricity
flow in this mode,

Any change in flow is subject to limits. Two
maximums, AtoBFlowMax and BtoAFlowMax which is a Flow
Policy Parameter 53, and defines the maximum flow
available in each direction to the Flow Decider. For
each direction a maximum rate of increase or reduction:
AtoBFlowDI, AtoBFlowDR, BtoAFlowDI and BtoAFlowDR is
ugsed to limit the rate of change of flow. Tﬁééé éré"%low
Policy Parameters 53.

In Normal Mode, the Flow Decider will choose to
make electricity flow changes that are "profitable’.



set te the Contracted Flow, a paraneter in the Flow
Policy Paraneters. |If no up-to-date Contracted Flow is
avai |l abl e, then the equivalent Default Flow will be 15
chosen. Wi chever of these is chosen is referred to as
the Normal Flow. |f Response Pass-though Mde is set,

WROEMEW® Decider will aimto change the PCHRPW(/E2F4
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decisions by taking such divergence into account.

The Flow Decider will also pass its flow decisions to a
Flow Value Calculator 52. This will take into account
the increaged flow and the prices from the Price
Comparator to record a value associated with the change
of flow, and calculated as often as is necegsary. The
Flow Value Calculator 52 may also adjust the value
according to the actual flow rather than the flow
instructed by the Flow Decider 48. Thig information is
pasgsed to the Substation Measurement Controller 51 and
see Fig 6.

The various operations are moderated by several sets of
Parameters. These are: Flow Policy Parameters 53, which
are explained above and which modulate decisions about
electricity flow; Response Poiicy Parameters, which
modulate decisions about electricity flow when operating



change Iimt PriceD, so that the rate of change in
response to price signals can be | ower than the other
10 rate of change limts. These paraneters can be set
to danpen any tendency towards oscillation of flows.
The Flow Decider will also take into account actua
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20 oyt ¥ q&pon Flow Controller, as shown in Fig 5
The Power Converter Controller 58 is resgponsible for
controlling the various power converters that comprise
the Responsive Power Controller, It can control the

25 frequency & phase behaviour of these converters.

It receives a signal defining for the desired
electricity flow from a Flow Summer and Limiter 57. This
accepts signals from one or more Flow Deciders 48 within
the Responsive Substation, and sumg them to define the

30 total electricity flow desired collectively by all Flow
Deciders. It is possible that different Flow Deciders
will instruct electricity flow in different directions,

_in which case the Flow Summer and Limiter will balance

these flows to produce the hét flow. N

35 |

' The Flow Summer & Dimiter 57 may also detect the wmode of

the Flow Deciders, and choose to accept input from only



conmuni cations failures, but in normal operation
Communi cati ons Managenent 56 will provide the nessages
fromthe appropriate Managenent Centre to update the
set 10 to be used, and provide the Managenent Centres
with the nmechanisnms to manage and fine tune the Gid
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that these limits may be less than the sum of limite
applied to each Flow Decider of a set of Virtual
ResponsiveSubstations. Optionally, the flow limit
getting BtoASSFlowMax may be set to zero so that
electricity flow can only be from Grid A to Grid B.
When set in this way, the embodiment of the Responsive
Power Converter may be simpler.

Opticnally, there may be a further set of Grid Stress
maximum flows, each associated with a maximum time over
which such flow is permitted. This may be useful to help
the Grid survive for short periods beyond its normal
operating limits, |

The Power Converter Control 58 may also receive inputs
giving the CGrid A voltage levels 60 and the Grid B
Voltage levels 61. These have two purposes: first, to



5 input only froma Fl ow Decider operating in Crisis
or Failure Event Recovery node. This is to allow the
owner of the ResponsiveSubstation full managenent the
services provided by the ResponsiveSubstation when
there is a Gid crisis or energency. 10 The Fl ow

% Limiter 57 will check the net toPEI/EP2004/012504
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20 appliance.

As mentioned above, in a preferred embodiment, the flow

of electricity through the substation should be measured

and records of electricity flow and value flow should be
25 accumulated and maintained for use in other parts of the

system. A preferred substation measurement controller

for controlling any wetersg incorporated into the

responsive substation to provide such measurements will

- now be described with reference to Fig. &.

30
The purpose of the Substation Measurement Controller is
to control any meters incorporated into the Responsive
Substation, to provide measurements to other parts of
the ResponsiveSubstation, and to accumulate and mainféin
35 the records of electricity flow and value flow.

In some embodiments, the Substation Measurement
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20 records asgsociated with the electricity flows and with
the flow of value. The Electricity Flow Records 64
record the flows attributable to each wvirtual
ResponsiveSubstation as well as the physical
ResponsiveSubstation as a whole., The Value Flow Records
25 65 record the value, as calculated from the current
price and the current electricity flow.

These Records are then made available to Communications
Management for passing back to the Grid Management

30 Centres. All records may be passed back to the
assocliated Grid Management Centres of both Grid A and of
Grid B, to provide each with the capacity to verify the
value claimg of the other.

35

In the preferred embodiment, in which the responsive



Control l er may be under managenent and ownership

different fromthat of the rest of the

Responsi veSubstation. In sonme business nodels this
woul d avoid the possibility of the commerci al

i nterests of the 5 ResponsiveSubstati on owner

WOMBRMAHY with the records so as to gi ve PCHEP2004/012504
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20 - normally be integrated with other home management

gervices.

In some business models, and with appropriate
co-ordination between then, a single ResponsiveGrid may

25 have multiple Grid Management Centres, with each Grid
Management Centre being a Grid Management Centre to some
of the RegponsiveSubgtation or Virtual
ResponsiveSubstgtions on the Grid. For example, a
supplier would have a Grid Management Centre for every

30 Grid to which customers are connected, and would havé at

~ least one RespongiveSubgtation or Virtual

ResponsiveSubstation on that Grid.

The Grid Management Centres are respongible fof all

a5 aspects of setting the prices and contract flows that
are uged within ResponsiveSubstations. Thus it creates
gets of Grid Pricing Tables / Parameters 41 and 44 of




substation controller controls the flow of electricity
i n accordance with various paraneters, each substation
‘Wi ll receive information froma managenent centre
associates with each grid connected to the substation
5 and froma substati on managenent centre. Fig. 7
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20 Recorde from the Substation Measurement Controllers of
the ResponsiveSubstations with which they are involved.
These will feed transaction accounting and
reconciliation systems that to ensure that value flows
are ultimately paid for. This may be segregated into

25 geparate gystems to allow independent controls on
records of commercial significance.

Substation management Centres are responsible for making
available the various other parameters that enable a

30 ResponsiveSubstation or virtual ResponsiveSubstation to
optimise its behaviour. There will be a Substation
management Centre associated with every physical
ResponsiveSubstation on a Grid, and these may take
additional responsibility for managing the behaviour of

35 the Grid under Stress, Crisis or Black Start conditionsg.
Grid Mamagement Centres will need instrumentation
associated the Grid they control. This will need to




46 Firg 4, and ensures they are available for

communi cation. To do this, they will normally by
under the operational Mnagenent of conpanies
actively trading electricity, and with custoners and
or suppliers at all levels in the 5 Gid hierarchy.
W‘HF@S’@B‘E?atl onal managerment will choose tPEEERZ04AIIE504
and structure of the Gid Pricing Tables / Paraneters
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may control the electricity output of a small CHP

system, or a micro turbine, as well as direct the
behaviour of consuming devices where there is discretion

25 ag to when they run. In a possible embodiment a domestic
ResponsiveSubstation can provide Responsiveload control
for all the applicable devieces in the home.
Communication between devices in the home will use many
technologies. Here the generic term Domestic Area

30 Network implies all the available technologies,
-including radio, cable, power line carrier.

Many of the functions of a Grid Management Centre can
become vestigial if the Grid being managed is a single

35 home. It may be common for a domestic system to be

controlled By the utility or supplier under contract,
thus relieving the householder of any detailed




WO 20065/ 046019 PCT/ EP2004/ 012504 47 ensure that the
frequency behaviour of the Gid is recorded in a way
t hat enables the Value Records to be verified. The
Gid Stress Detector will be a conmponent of the
instrunmentation, 5 CGenerally Gid Managenent Centres
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centre, with the Gid Mnagenent Centre for an

i ndividual Gid being only -a48 ogical part of the
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20 A Neighbourhood RespongiveGrid
A neighbourhood ResponsiveGrid is one to which a number,
possibly all, houses and offices (subscribers) in an
area are connected. There is a cable network connecting
all the subscribers and one or more
25 ResponsiveSubstations.

The ResponsiveSubstations connect, on the A side, to a
higher voltage Grid, 11kV (say) and on the other to the
three phases of a 230v network. Individual homes way

30 connect either through conventionai metering, or through
a Domestic ResponsiveSubstation. Subscribers will, over
time, use Responsiveload devices in their homes, and
will be able to use ResponsiveDevices (such as washing
machines). Those with Domestic ResponsiveSubstations

35 (ResponsiveHomes) may also choose to connect devices,
such as computers and photovoltaic arrays, through a
domestic 42V DC bus.




¢ontrolled by the utility or supplier under contract,
thus relieving the househol der of any detailed WO
2005/ 046019 PCT/ EP2004/ 012504 - 48 understandi ng of
t he operation. As nentioned above, the responsive
substations of the 5 present invention can be
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grid system between different levels. It is envisaged
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muc Leient . L§yi t entire grid to
inccrahrp rgltsg{r%ﬁeog%%n\té’f% sugé{% in'rgﬁﬁ‘g3 gﬁeﬁ) R ( h(g‘f‘e nmany
| eveTRLZRY egdFego IIRBPEEREIRS riafpsetine andad
devimcemgsuett asraesss itoedupporB t23011d & 18YeNddnest i
res ' o W I [ I etall bel gw. The
RORS LY Ee I dnbile ARIGLLPEG | HITRE ) et Al L bal g, Th

Respons st at1 ons confext’ and concep

515 &R ntd FoBRFPS senbeeteforidie Respausd vebemesi our of

10 al | prhoyses andn ofd ixGg

Grids incorporating ResponsivelLoad and

Res j [ ' - _.RespansiveGi ds, -
ar e@{%i%éin\(gre , Ln?% %Sﬁggﬁ%é %%éeﬁaetnl&gip ﬁgvi%eas(, 5PFRe.
20 ASNBi GHEEIPHERY JiEs pBRsT Ve @V aryeyoi ghbevaheodll
Respandi meBind=i s one to which a nunber, possibly
bsgcri.bers) tn an area are
connected.” There i s a é%lé%{é{’?ne \(f\lovfukﬁc %ﬁgglfarvr?gl gl P
t he 2sGbE MHEPSTAHd CERE r liffedy2@perated by a utility
RespopslieaSuabstmd icinganyd i Bpepanss vahdbgt atiirgns

con : : [ hi gher_volta id,
11k\g/ﬁ %%ﬁ/‘é)%ng%gfo%st?’hgggrﬁ%f £8° %ge r}eﬁ?%léo%ﬁlgggs of a
230%CFRAVIVRSUPHANIPE IR - Howe¥ern 300t bhneergeneier

15 t hr oegtre andetiie Grapon®iesubgtalodshEeudd reaaPopast i

20 ¢ hr FRigiF g

25

30

35

RespoRsd WS i L Wi ll., over ti1ne,
useBResp,\gﬁsggg{%%é{gg%vﬁggzﬁfgpﬁelsr RomeLERd  wil |
be SEFEHSGLSRS RESPOFNRIEBET Ba8 Nagachorrebidashi ng
machesessivabuise ant s Renehti Ge ReepRansboE Suhat at i ons
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devi ces, Euch as conputers and photovoltaic arrays,
operation:

The neighbourhoocd Grid management centre(s) will
negotiate the purchase of the expected need for
electricity for the neighbourhood from the higher
voltage Grids to which its RespongiveSubstation(s) are
connected,

The expected electricity flows for each meter
period are pasged to the RegponsiveSubstationg. This may

“be done well in advance, but may also be fine tuned asg
the period approaches. They key point is that thig is
not time critical, and so can, in principle, be done
over a slow or very slow communications link.

The neighbourhcod ResponsiveSubstations will also

~receive (from the A and B Grids management centres) the
"pricing tables & parameters" defining how the ﬁfi;;
will change if the imbalance (and thus the frequency)
varies. The B pricing tables and parameters are also
available to the ResponsiveSubstations in the




donestsi c 42V DC bus. WO 2005/ 046019 PCT/ EP2004/ 012504
- 49 ResponsiveHones wll normally have their own
honme control centres, incorporating information and
managenent services to support themin their donestic
and entertainment activities. It will be this that
VHR085/460d% the Grid Control centre of the PCT/EP2004/012504
Responsi veHonme. Responsi veHones nay al so have
generating devices, such as®@ 'dl stributed CHP system
rra even yrbipes. 10 The
nelg Eﬁ%’&% ﬁ%%p&??ﬁl\ﬁlea%m%g lIt Bf£%5Hh&08 PEs own a
Gi 9uh%axﬁ'gaeh§m: temdvance kaldy foperatvest by a padibidt y

supm pﬁcsacal%sonellz@fe N Yol ﬁe&?%@i ﬁﬁne Uﬁﬁgéai 'h t yd
al so_no e nei.ghbour hoo
Res%%rﬁnélllr%/lecélﬁ%g?%ttf 0 g)lever‘—lo%@% N&F%ri d managenent

515 cent ria agdmahecrRIGHHOARI Vl'é&msttaltbmoodul d readily

10

15

. 20

25

30

35

be Qé\ﬁiﬁﬁ}é‘l@egﬁﬁé@éﬂl\bﬁh)’wm %q%%ﬁ@eél%cehwt}%ger
or gani sat.i o

liers ave ., etin
e AR £ he” HRPT S TR BN 1 BT Balangs,
| n RHeermdlesppesfitdlond Feeignsi g’hbbwﬂmde&tabmnggeam:ht

cenfi Bl Vravhilise r&@ott@&@errcggs@gaaﬁh%%@lﬁbw%oeépfct ed

nee% for electricity for nei ghbour hood fromthe
hi g erc \70Itage Gids to which its

ResponsiTheSuasicats davjoes eril25usmrithec frelquekivy ¢xpe athed
el esdgdriatyalpommesh Oko aaale RRESF oREHLOML A QQS&?%RO
thetORers ES|¥eSul:I>13ta ions.. E ?%{?% g one wel |
advancde” TP’ b fn ©a8® e peri od

ap p@@ﬁbﬂ?@grhq%ﬁewéynwawbss‘,atim( s htlsati s:x80thetmdsitme
CriidtGat, and so can, in principle, be done over a

| ti
et bhbofPrilh T BoRE Y ST R Lra o fs ReERIRa e g EdPY e
(f rQrmtthﬁePW% doBiy |@§Mhag%rmtencg rirlds firope The

" priviGisiggt BRlEwmad PREBNBLHewBo1AfH BhNga ROWLE he, s ‘&ﬁ

by other ResponsiveSubstation(sg). If this is
ingufficient, the frequency will continue to be low, and
the various devices will move along their pricing
curves. Eventually, only the loads worth a high price
will stay connected, and all other loads will have been
disconnected.

If the failure represents a fraction of the total
Flow to or from the Grid that is greater than the
available Response, then the frequency may start to drop
very rapidly. Such failure events can be quickly
recognised by other ResponsiveSubstation(s), and they
can take rapid, pre-programmed actions, outside the
basic price control, that will approximately compensate,
for the detected event. _

The ResponsiveSubstation that failed will have to
compensate its Grid for lossg of income, and the
ResponsiveSubstation that took extra load will have to
compensate the Grid {(at the appropriate price). These

will not necessarily be equal, and will, in general




35 wi l{l change if the inbalance (and thus the
frequency) varies. The B pricing tables and
paraneters are also available to the

Responsi veSubstations in the WO 2005/ 046019
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20 frequency, the flows would then be from the higher level
Grid publishing the lowest prices. However, with
frequencies of the higher level Grids varying
independently, the actual flows would depend also on
differences in the pricing tables or variables.

25
In failure conditions, this provides deep reailience. A
neighbourhood Grid can flow electricity from any Grid
that is operating, and, as each level in the hierarchy
has the same opportunity, flows will occur acdcording to

30 the price each level in the Grid was prepared to pay. IFf
electricity is scarce, frequency declines will cascade
down the hierarchy, prices will rise, and more and more
devices will switch off.

35 Failures will, of course, still occur, and could close
down one Grid in the hierarchy. Depending upon the
desired security of supply, every level of the Grid
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conpensate, for the detected event. The
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conpensate its &id for loss of incone, and the 35
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prob?@@ﬁndéepftﬁwﬂ iteroeniskionergitdeeaur hood Gid can
flow electricity fromany Gid that is operating,

and each.level in the hierarch
Inzﬁiese circumgtances, the Grfg.nl%agement centre could

publish two (or more) sets of prices applicable to
different ResponsiveSubstation locations. So prices at
one end of a transmission line can be different to those

© at the other, and the frequency dependent pricing tables
can be adjusted to encourage flow behaviours that both
optimise the value of the transmission line to its
owners and minimise the risks of operation outside

. design limits.
Such market behaviours do enable market priced rewards
to Grids that transfer electyicity flows over a network,
with imports at one place and exports at another. The
price differentials which can vary over a day or period
give profit opportunities to Grids that transfer power
most efficiently, and give market signals that encourage
generation at places where demand is greatest. T

There is also scope for different parts of the
transmission Grid to be operated at different




Has the same opportunity, flows will occur according
to 30 the price each level in the Gid was prepared to
pay. If electricity is scarce, frequency declines

wi |l cascade down the hierarchy, prices wll rise,
and npre and nore devices will switch off. 35
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Clearly, the first step is to use any source of
electricity to operate the Responsive Flow Controller
and associated Grid Stregs Detectors. Normally, these
will be low consuming devices and can be protected by
their own power supplies.

Once the ResponsiveSubstation control systems are
functioning the sequence will normally be as follows:

1. Set the Responsive Power Converters to the safest
possible configuration. This will normally be with all
electricity flow prevented,

2. When a Grid Central Frequency and Parameter
Detector in a Grid Stress Detector sees a frequency oﬁw
their associated Grid, they will decide the Nominal Grid
Central Frequency to use and will reset any Central

Frequency Crossing Detectors and thus all Clock




design limts. Such market behaviours do enabl e market
priced rewards to Gids that transfer electricity
flows over a network, 30 with inports at one pl ace
and exports at another. The price differentials which
can vary over a day or period give profit

VBAU 4Pt i es to Gids that transfer powerPCTABHD4/012504
efficiently, and give market signals that encourage
generation at places where déﬁaﬁd 'S greatest 35
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20 cpportunity to stay switched off until the Grid
Lrequency approaches normal again.

5. For gome Grids, the ResponsiveSubstation may be set
to adopt a lower emergency Grid Frequency, set to be
{say) 10% below that used for Normal Operation. This

25 energises the Grid, and enables Grid survival devices to
consume electricity, but also signals to all
ResponsiveSubstations that Black Start mode is to be
used. This prevents all but Grid Crisis Flow Deciders
influencing the electricity flow.

30 6. The Grid Crisis Flow Deciders use the normal
pricing mechanism, using special pricing tables and
parameters reserved for this purpose. In general, these
will be set to increase the electricity flow into the
Grid until the freguency reaches the upper fEééEéEéy

35 limit (at 5% above the Grid Crisis nominal frequency) .
At that frequency, which is also 5% below the NCGF
normally used, Grid Stress Detectors will recognise the



their own power supplies. Once the

Responsi veSubst ati on control systens are functioning
the sequence will normally be as follows: 30 1. Set
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choose to flow using a value a bit bel ow the NCG-, so
giving itself and other ResponsiveSubstations on the
Gid an opportunity to apply their pricing mechanism .
t o Thenaiease pussehtedyinahbiigissargonensiini ng devi ces
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self contained operation, will not come about overnight.
Indeed, the eventual implementation will take many years
‘of progressive enhancement to existing substations and
progressive implementation of individual Grids and
- 25 RegponsiveSubstations.

Planning of this transition presents some interesting
problems. At which level in the hierarchy are cuxrent
RegpongiveSubstation technologies most cost effective?
30 In the home, where domestic ResponsiveSubstations could
be combined with a meter replacement programme and some
form of communications chammel to the meter? At the
neighbourhood level, where Respon81veSubstatlons may
provide enhanced security and reliably at the local
35 level? At the Distribution level, where distribution
networks are becoming difficult to manage, and where the

automatic stabilisation of a district Grid can reduce
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devices to consune electricity, but also signals to
VP $005/46MBonsi veSubst ati ons that Bl ack St aPCTEBe4/012504 0
be wused. This prevents all but Gid Crisis Flow

Deci ders influencing the &l &8tticity flow 30 G The
Gi | Si Fl.o i.der the pnormal . pricin \
mcﬁ%%é%ﬁne%uts iar111\é;¥ é.%gﬂcrt%gl.gﬁébﬁgelmﬁ 3) t abl agg; tlaiﬁd'E’ransmg.sslon
par afEtkr ShexsecoenFlogiei thatuhpye esenvedgeneradll, for
these yaddd be betolidg bbsshsRehbe el ectricity flow
into the Gid until the frequency reaches the upper
frequency 35 Iimt (at 5% above the Gid Crisis
nontRa¥eiarddueABygstment pHabeEtehacirgpsedhteforn al so
5% hed o duag NOEFandzor Mo 8ia0394, tK¥ded mBY T 88 Sperated

Det r ' G [ t.he 2005/ 046019

PCT ?@F‘?p(y?ﬂ/@&%gég IO%E 5Bﬁleji/vggf natgkbe SG%J‘% 5 WdeFyat e

t heSHeRaral PEEovA® dAOWEEIIgSde Cr il thpriagsmemic i sng f or
pri beédgndangi-eased, fuhewe iMltainkst Bgn Sdndatek Ohdis own

ret ney e uch crisis_conditions the
neaglfj%zﬂlegﬁgye?]‘é%@#qmow_ aljécp’r éﬁ%gsaén < §%3Rm 1T5FBpor ti on
of ifeandsl gandes impdeednto ARgirt owm Hrddee arwhgenabliad o
suspent Ber aBé CEiehbbgrk Phrei siwida. peri od, rewarding
i nstead according to the survival of the Gid. 10

I nt erconnecting | nterconnections Interconnections,
sucfr s eERa VRN eAfRRd dam  Eabmerhaneppsly génmeyt whi ch
_sEferefeleé thetloatrasts g, C ifaapbw%ﬂemhaﬁ@wbiw& can
t : - t ther

e A R R e
Resi3tiréi¥8%ubst at i ons can be applied. The vision
presented in this section, of a hierarchically

organi sed set of individually autononmous 20 Gids,
each resilient and each potentially capabl e of
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sel f contained operation, wll not come about

- —~0vernight. Indeed, the-eveniual inplenmentation wll fpg

g&ke many years of piGIgASFAMP ienhancenent to - 47976L
exi sting substations and “progréessive inpl ementation e
of individual G4 ds and 25 Responsi veSubstati ons.

Pl anning of this transition psesents some interesting

probl enms. At which level in the hierarchy are current

Responsi veSubst ati on technol ogi es nost cost effective?

89.Aag he horme, where donestic ResponsiveSubstations

could be conbined with a neter repl acenent progranme

and sone form of communications channel to the neter?

t th i ohb hopd. | ., wh . , . .
es pofisTAPSEHOn o8 o7 SIREtriRy Brids3tiem the wlrakion conngrling two grid
dpRidtaRl o c?ﬁferb%ﬁ‘ﬁ@@ieﬁ&d/&%l@g@k&ﬂ?the substation

D stribution |evel, ere distributron networks are

domappisimg s for manitcsingapatrecterigdishiayect he cleawicBpravaidable
SRt e Aoerichstishid b Lipabic i it Eeptiigg flow contol

| ABARJBAEG fRFLdw bf fle@lbieFBawaen Bie thwdzrid parts in response

Transm ssion level, where technol ogi es that "have

todhe/paramstanel fhertyio grBbpayisseharagtesizsddmahg obsol escent ?
51n ' : -

i il Eedhs Sr RGPt (Rt o R S il s il or
bt yf the geidpartsdione bh atedration ohe frefnieacibol shid sneloiesth of the
sfress, .but, as kpow edge of Gid managenent pricing

' §“b°13é‘die§‘?t,13°{r’?§-ese i sl ands cari achi eve their own

10 "frequency freedoni, and, once a few exist, these

i slands can be made into their own Gids,.and .
Zr emai Thangpbstation of daim fewlgnei the favguéncyas woniteméds an absolute

fﬁ%@%{ esshve inplenentation, sinultaneously at many 15

?‘l’aﬁu‘?‘he hi erarchy, is possible, and provides
reliability and financial rewards whenever they are
installed, Yinfec¢: a23/09/2Q05" -.CLMSPAMD ! Ct 47976

3. The substation ctc clai?n 1, whercx(nl_)ﬂlc frequency is monitored as a megsure
of frequency deviation from anormal operating frequency, said normal operating

frequency being the frequency when the respective grid part is not under stress.

4, The substation of any of claims 1 to 3, further compnsing means for
modulating the flow of electricity between the two grid parts to bring the AC phases
of the two grid parts closer to matching one another.

3. The substation of claim 4, wherein the means for bringing the AC phases.

closer to matching one another comprises a switch.

6. The substation of claim 1, wherein said parameter of one or both of the grid
paris comprises a signal indicative of an imbalance between the electricity available

and clectﬁcity required by said one or both of the grid parts.

7. The substation of claim 1, wherein said parameter is a value parameter

indicative of the value of electricity to said one or both of the grid parts.

;g mpre
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c~ n 57 CLAAMS 1. A substation of an electricity grid

stem the substations

g Q1] ing two grid parts
Yérating at different BMes and/ or vol t age

“levels, the .subspation 5 conprising neans for
. nonitoring a paraneter indicative of the electricity

avai lable fromand/or the el88tricity required by the
two grid parts and responsive flow control neans for
controlling the flow of electricity between the two
grld parts in response to the paranmeter of the two

ni ok P I ROt S P H BB hmrBftep pomprises

%e%yp%i@ebﬁﬁﬁ of the grid parts froman integration
of a frequency of said one or both of the grid parts
since a reset point. 2. - The substation of claim 1,

erei frequenc Nni,t ored.as.an absol'u
B equeh elPiiaiancat kA e BB iy BhEteid i ShcRPRRY P is variable
W 8¢RiIndeddenl the Glégiéity icf thedtid 6T1tREl gi8 pact18tsdth 6f tHf grid parts.

frequency deviation froma nornal operating frequency,
sai d nornal operating frequency being the frequency

1" RS RRSFIHEP i

ﬁ@qmmcyldﬁ gaidempor both grivoshrsas t:lmgk tlheexf bypwgeitl nominal frequency

'elect [ be en the two arts to bring the AC
ok, X’Pﬁ@t“}t‘l\% gi&%@er to mat chi gg one

anot her 5. The subst at| on of claim4, wherein the .
means for bringing the AC phases. 25 closer to
trht c hiThg supséationoiftedaimclo fpnthes comprisingtat leastGne Bhestricity flow

ation .of ei 0 gs aneter of one
Sep S0tk alepfie Mo P 5 g TR AR, 2
i ndi cative of an inbal ance between the electrici ty
aval | abl e . and eI e tri mé%l requi red by said one

h &he f‘% ey CORPHESIAg Hagens fo5 @C@Pﬂég girate of
i [ I
o5 el h 3 v%gﬁ’tsétfh o, 4 BRLARL Bbptrolling,

dmﬁgum{d to Iaenﬁgoh the flawtaf eleSERDED rSiHBESE IDTROE20Mhange
21 | %tcgdZ: 3/ 09/ 2005; ;G , MSPAMD, 479762 -58 8. A
tion as claimed in claima8, wherein the val ue
par anet er corrpri'ses a nonetary price value. 5 9. A
substation as clained. in claim8, wherein_ said

I3enet AR plegiaty SuBPYY A0 yFem sRTRrsim b erid pafts ganected by the

s“lﬁ;&g&&? G, arBrf preb&lifP8ainf whbRiDEdH g?ﬁrﬁaﬁ Rt ot of Bre

gri
loads and a management unit for providing said parameter.

14.  The electricity supply grid system of claim 13, said management unit for
regulating the consumption of electricity by said one or more loads in dependcﬁcc -

on.the frequency of the respective grid part.

15. The substation of claim 14 or 15, wherein said parameter is a value

‘parameter indicative of the value of electricity to said one or both of the grid parts
and one of the grid parts is an electricity generator, said generator configured to

increase or decrease its electricity output in dependence on said value parameter.

4’ .
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10. The substation of claim1, further conprising a
= e——e— ook driven by the fr s said one or both grid
“”{e“ 23139/2095“3 a clock driven' @@%‘K horri nal frequency 10

" and a cl ock «conparator for conparing the clocks. 11.
*+ wThe substation.of claim1l1, further conprising at |east

one electricity flow neter fgg.netering electricity
flow between the two grid parts. 15 12. The substation

of claim1, further conprising neans for detecting a

nét e dfhe mﬂmtag'en of clafie 18 roe d6ewhgremf sahparameteoisy galird

parts sald for, co [ i nf i ed t )
wopaicaRyoar e YERESE Flegincy T in sid s e ot erid parts
'éﬁt.tl Sné’Bf arfig} 8f bRekicAD céff’suu'ﬁﬂ %E%E Isafed @ﬁéﬁ%ﬁ’&é device
grid syst onprising two. grid parts connect
tinefi gtm:dbm mcraaae of decnsaspite cembumptionan dvpmdemermesmm value
5 ﬁg! art conprises one or nore |oads and a

nt unit for providing said parameter. 14. The
electr|C|ty supply grid systemof claim13, said
management unit for 25 regulating the consunption of
electricity by said one or nore |oads in dependence -
on.the frequency of the respective grid part 15. The
substation of claim 14 or 15, wherein said paraneter
is a value paranmeter .indicative of the value of
electricity to said one or both of the grid parts 30
and one of the grid parts is an electricity generator,
sai d generator configured to increase or decrease its
electricity output in dependence on said val ue
par armet er. AVMENDED SHEET i 07109/ o0Q , 663 k
23/ 09/ 2005" Cl1VlI F' AMD 479-76479-761 ~ P e -59- 16.
The substation of claim14 or 15, wherein said
paraneter is-a value paranmeter indicative of the
val ue of electricity to said one or both of the grid
parts and one of the grid parts is an electricity
consum ng devi ce, said consum ng device configured to
i ncrease or decrease its consunption in dependence on .
sai d value 5 paraneter. AVENDED SHEET ' Q7/ ORC8
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