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Ab ac : In hi con ib ion, e p e en he de elopmen of D naSCOPE a a f ll di ib ed
con in o planning app oach fo decen ali ed ene g ni o gani ed in D namic Vi al Po e
Plan (DVPP). The o k a hand elabo a e on po ible ba ic algo i hm fo he DVPP planning
a k, mo i a e he choice of a f ll di ib ed algo i hm and gi e de ail and e al a ion e l fo
he p e en ed em. I i ho n, ha D naSCOPE mee he eq i emen fo he DVPP planning
a k and effec i el enhance p od c deli e in ca e of ene g ni o age o p ogno i de ia ion .

Ke o d : di ib ed algo i hm , Sma G id, i al po e plan , D naSCOPE, COHDA

1 In od c ion

Di ib ed algo i hm fo he con ol of eal- o ld componen a e of en con ide ed fo
applica ion mo i a ed b one of he follo ing a pec : Ei he he comple i of he con-
ol a k ho an ab p i e o ne eq i emen a e gi en ega ding f nc ionali o

pe fo mance. In bo h ca e , a con en ional e en ion of he con ol em a hand migh
no be applicable. In he con e of he elec ical ene g em bo h a pec a e e: Wi h
he ill i ing amo n of di ib ed ene g e o ce (DER), con ollable load and elec-
ical o age de ice he comple i of he con ol a k e cala e . The ¯e ibili e ie ed
i h he e componen i needed fo an ac i e ope a ion of he em i elf a a ne f nc-
ional eq i emen . Con eq en l , a la ge bod of e ea ch ha eme ged f om he ®eld of
di ib ed algo i hm and di ib ed a i®cial in elligence in hi domain i hin he la
ea .

One of he concep p e en ed i he D namic Vi al Po e Plan (DVPP) [Ni1 ]. DVPP
a e e p a p od c peci®c agg ega ion of di ib ed ene g ni and h e¯ec he
diffe en p od c ha can be handled a he ene g ma ke . DVPP can be nde ood a
an e en ion o he a ic VPP concep p e en ed abo 15 ea ago. Wi hin DVPP , each
ene g ni i ep e en ed b a of a e agen . The e agen fo m DVPP and con ol hei
ene g p od c deli e d ing ope a ion. P od c a e de®ned a an ene g amo n fed
in o he g id i hin a de®ned ime pan. Ope a ion ched le a e di c e i ed b o-called
planning in e al co e ing 15 min e . F nc ional eq i emen ha e been ded ced f om
hi a k: A he ene g ni a e p one o p ogno i de ia ion and o age (i.e. ni do
no follo he de®ned ope a ion ched le ), a con in o planning app oach i needed o
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en e p od c deli e in ca e of he e inciden . Thi app oach ho ld de ec inciden
and igge a eplanning, if he p od c canno be deli e ed a con ac ed a he ma ke .
Co fo he ope a ion of he ni ha e o be e¯ec ed in he planning p oce , a ell
a of con ain of he ene g ni , like a oiding f eq en i ching of ome DER. A
he DVPP concep follo a elf-o gani ing and di ib ed app oach, a cen al concep
o ld ac i®ce hi pa adigm. In he o k p e en ed he e, D naSCOPE a a decen al

app oach fo eplanning of ene g ni in DVPP i p opo ed. The nde l ing op imi a-
ion p oblem i ol ed a a di ib ed con ain op imi a ion p oblem. D naSCOPE ha
been de eloped follo ing he i e a i e p oce model Sma G id Algo i hm Enginee ing
(SGAE) [NTS1 ] p opo ed fo he de elopmen of (di ib ed) algo i hm in he Sma
G id applica ion domain. In e m of SGAE, he e l of a ® i e a ion a e p e en ed.

The e of hi con ib ion i c ed a follo : In ec ion e ill in od ce ome
kno n di ib ed algo i hm and di c , o ha e end he migh be ed fo he a k of
con in o ene g planning. We ill hen choo e an app op ia e algo i hm and elabo a e
on he e en ion need . De ail on implemen ing he p od c peci®c DVPP app oach
in he planning p oce a e gi en in ec ion 4, follo ed b a de c ip ion of he inciden
de ec ion and eplanning p oce in ec ion 5. Finall e ill p e en ome e al a ion
e l and concl de i h ema k on f e o k.

Agen -ba ed con ol concep fo Sma G id con ol i e

The o k p e en ed b Akke man , Ygge and G a on on 199 ha been one of he ®
applica ion of agen -ba ed con ol in he elec ical ene g em [AYG9 ]. The o-called
HomeBo app oach e ealed he e pec ed capabili ie ega ding calabili , ¯e ibili ,
adap i i and b oad applicabili [G 99]. Since hi o k, man agen -ba ed app oache
habe been de eloped in he di cipline of elec ical enginee ing, con ol and em heo
and info ma ion echnolog and info ma ion em . Some p ojec foc on algo i hm
like he o k p e en ed b Rah an [RRJ 9], o he on compa ibili i h he c en
ene g econom and ole o a oma ion em [ZV1 ]. The nde anding of ha
con i e a di ib ed em diffe a lo a ell: Some p ojec e of a e agen
onl a a concep o eali e a ene g ni ga e a , ome eali e hie a chical em [Le1 ]
and o he p e en f ll di ib ed algo i hm [HLS14]. In he follo ing, e ill foc
on an elec ion of algo i hm ha migh be ed a a ba ic algo i hm fo he con in o
ene g planning i hin DVPP .

.1 Choo ing he Righ Ba ic Algo i hm

In able 1 a elec ion of di ib ed concep i p e en ed. All of hem ha e al ead been
e al a ed fo a Sma G id con ol a k. Fo each concep i i depic ed, if he app oach al-
ead f l®l he eq i emen li ed on he lef ide of he able ( ), if an e en ion o ld be
needed (E) o if no e en ion i fea ible o f l®l he peci®c eq i emen (⇥). The Holonic
Vi al Po e Plan (Hol. VPP) p e en ed in [T 1 ] ha al ead been implemen ed fo he
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con in o planning p oce in a ic VPP . Al ho gh p od c ha e no been e¯ec ed, an
e en ion o ld be po ible. The agen p e en ed in he concep ho gh a e no capable
of e al a ing he q ali of a ne VPP ched le ± hi a k i pe fo med b a dedica ed
agen . The ame a pec hold fo he A onomo Vi al Po e Plan [An1 ]. Th , bo h
concep a e no applicable fo he a k a hand follo ing he di ib ed DVPP pa adigm.
ALMA [Po1 ] i a f ll di ib ed and highl d namic app oach implemen ed fo a d -
namic ppl -demand-ma ching a k. The in od c ion of p od c ho gh i no po ible.
Wi h COHDA [HLS14] a decen al he i ic ha been p opo ed la el . A can be een in
able 1 all eq i emen fo con in o ene g planning can be me b e ending he al-
go i hm. In he follo ing, e ill p e en COHDA and di c he e en ion need fo
DVPP ope a ion.

Req i emen Hol. VPP AVPP ALMA COHDA

P od c E E ⇥ E

Inciden ( ) ( ) E

Con in o planning ( ) ( ) E

Co E

Sof con ain E E E

Decen al e al a ion ⇥ ⇥ ( )

Tab. 1: Req i emen fo con in o ene g planning and di ib ed app oache . : app oach f l®l
eq i emen . E: app oach doe no f l®l eq i emen , e en ion fea ible. ⇥: e en ion no fea ible.

. COHDA

COHDA i a coope a i e he i ic di ib ed a he algo i hm le el [HLS14]: Agen e -
change info ma ion ega ding hei independen l o king algo i hm o de e mine he
op imal ol ion of a de®ned p oblem. The p oblem i o minimi e he diffe ence be-
een an ene g amo n deli e ed b a e of ene g ni and a gi en a ge ched le. We

follo [Ta 9] in p e en ing he cha ac e i ic of COHDA ega ding hi pe of algo i hm.
In he o k p e en ed he e, COHDA ho ld be adap ed o ol e a di ib ed con ain
op imi a ion p oblem. The efo e, e follo [Ch11] o de c ibe ele an cha ac e i ic e-
ga ding hi kind of p oblem. Implemen ed i h agen a mean fo di ib ion, e gi e
a ho de c ip ion on he agen model a ell. A fo mal de c ip ion of COHDA i gi en
in [HLS14] fo a de ailled de c ip ion of COHDA ee [Hi14] (Ge man onl ).

• Info ma ion e changed: COHDA ha been de eloped fo he da -ahead planning
of cl e of ene g ni ing agen . The agen end hei o king memo κ ,
con i ing of he a ge ched le ζ , he kno n em a e and he c en ol ion
candida e γ . Wi h he a ge ched le ζ , each ene g ni i p o ided an ope a ion
ched le. The kno n em a e i ed o o e he c en kno ledge ega ding
he cho en ope a ion ched le of all agen in he em.
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• E change c i e ion:Agen e change hei o king memo κ if an change ha e
been pe fo med o hi memo .

• E change opolog :Agen comm nica e ing a i al o e la ne o k, i.e. a i -
al comm nica ion opolog . Each agen comm nica e i h a b e of all agen

called neighbo hood.
• Info ma ion in eg a ion: When an agen ecei e a me age f om ano he agen
holding he o king memo of hi agen , he in eg a e all info ma ion ega ding
cho en ope a ion ched le and c en ol ion candida e γ .

• S a e e al a ion: Each agen i able o e al a e a ol ion candida e, i.e. a cl e
ched le, i h e pec o he a ge ched le ζ . All agen i hin he em ill
ield he ame al e fo he ame ol ion candida e.

• Deci ion le: If an agen ecei ed ne info ma ion, i i f ee o choo e a ne
ope a ion ched le. Thi ne ched le migh e.g. be e f l®ll he ene g ni con-
ain . If he ne ched le lead o a be e cl e ched le ega ding he a ge

ched le ζ , a ne ol ion candida e ha been fo nd and i comm nica ed.
• Agen model: COHDA i ed fo a planning a k ± once a e of po ible ope a-

ion ched le i de e mined, no moni o ing o con ol of he ene g ni i needed.
The efo e, he agen model i delibe a i e.

D naSCOPE

In he follo ing, e ill p e en he de ign concep ha lead f om COHDA o D -
naSCOPE, a f ll di ib ed algo i hm fo heD namic Sched lingCon ain OP imi a ion
fo Ene g ni . In able , he cha ac e i ic of COHDA a e combined i h he f nc-
ional eq i emen fo con in o ene g planning a di c ed in ec ion . . E ending
COHDA o p od c lead o an e en ion need conce ing he mo cha ac e i ic . The
agen model ho gh ha no o be changed o f l®l hi eq i emen .

P od c Inciden Replanning Co Con ain

Info ma ion e changed ⇥ ⇥
E change c i e ion ⇥
E change opolog ⇥

Info ma ion in eg a ion ⇥
S a e e al a ion ⇥ ⇥ ⇥

C
ha

ac
e

i
ic

Deci ion le ⇥ ⇥
Agen model ⇥

Tab. : E en ion need b cha ac e i ic and f nc ional eq i emen . ⇥: E en ion o adap a ion
ega ding hi cha ac e i ic i needed o f l®l he e pec i e eq i emen .

The g iding p inciple in e ing p he de ign concep f om he e e en ion need a o
ield a f ll f nc ional em i h kno n e pec ed beha io in each ep. B hi mean ,
a im la i e e al a ion can be pe fo med fo each e en ion, h follo ing he i e a i e
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SGAE p oce model. To hi end, he e en ion need ha e o be e c ed o a ep-
i e e en ion app oach. In ®g e 1 he h ee- ep de ign concep i ho n. In de ign ep

1, COHDA i e ended o handling p od c and aking co fo ched le in o acco n .
Al ho gh hi e en ion lead o a change in man cha ac e i ic ( ee able ) a imple
e al a ion ca e can be de®ned fo e al a ion p po e : If onl one p od c i p on he
ma ke , onl one global DVPP ill be fo med. Th , he algo i hmic fea e can be di-
ec l compa ed o COHDA. The cha ac e i ic of he ba ic algo i hm a e doc men ed
in de ail in [Hi14] ± he e e a e ba e hen e al a ing he e l of hi de ign ep.
In de ign ep , ene g ni peci®c of -con ain a e in od ced in he ched ling b
e ending he local e al a ion of fea ible ope a ion ched le . A im la i e app oach i h
e empla of con ain can be ed o ho ha he e a e fac o ed in he planning
p oce . The la de ign ep lead o D naSCOPE a f ll di ib ed algo i hm fo con-
in o ene g ni planning: Inciden a e de ec ed b he agen and a e ched ling i
igge ed if needed. The agen no ha e o e¯ec no onl planning b con ol i e , a

a con in o moni o ing and con ol of he ene g ni i needed. The e al a ion of he
e l ing of a e a efac e¯ec he eq i emen a di c ed in ec ion 1.

In he follo ing, e ill p e en ome de ail of de ign ep 1 and , incl ding p ob-
lem b ing a di ec e en ion app oach in ep 1. De ign ep i conce ned i h he
in eg a ion of of con ain and ill be co e ed in a epa a e con ib ion.

Products, Cost

Planning

Initial scheduling for DVPP

Basic algorithm has been
reimplemented and extended
to products by preserving
main characteristics .

Soft-Constraints

Initial Scheduling of DVPP
with consideration of energy
unit specific soft constraints.

Initial Scheduling for DVPP
is factoring soft constraints
of distributed energy units.

Incidents, Rescheduling

Control

Continuous energy
planning for DVPP.

Evaluation aligned with
functional and non-functional
requirements retrieved from
initial conceptualization.

A
g
en

t
m
od

el
A
rt
ef
ac

t
ca

p
ab

ili
ti
es

E
va

lu
at
io
n

Design Step 1 Design Step 2 Design Step 3

Fig. 1: De ign Concep : B ilding D naSCOPE f om COHDA. [Ni15, an la ed f om Ge man]

4 Handling P od c

P od c peci®c coali ion of ene g ni a e he main fea e of DVPP compa ed o
a ic VPP . I ha o be decided ho p od c a e handled d ing agen info ma ion e -

change, info ma ion in eg a ion, a e e al a ion and agen deci ion. Addi ionall i ha
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o be decided if he agen e change opolog ho ld change. In he follo ing e ill
® p e en a aigh fo a d app oach o adap ing COHDA o p od c and he p oblem
e l ing f om hi leading o ome ba ic de ign deci ion fo D naSCOPE.

Fo a ® e en ion o p od c , he follo ing e en ion ha e been made:

• Info ma ion e changed: The agen e change hei f ll ope a ion ched le and add
info ma ion on he p od c nego ia ed i hin he e pec i e DVPP.

• E change opolog : An e change opolog i e p i hin each DVPP.
• Info ma ion in eg a ion: The agen inco po a e all kno ledge he ecei e and add
p od c peci®c info ma ion.

• S a e e al a ion: The agen e al a e he ope a ion ched le ecei ed depending on
he DVPP he belong o.

ψ1 ψ23

γ3

γ1

γ1

1

2

4

5

(a)

ψ1 ψ23

γ3

1

γ1

γ3

ƒ 1(γ3) > ƒ 1(γ1)
2

4

5

(b)

ψ1 ψ23

1

γ1

ƒ 1(γ3) < ƒ 1(γ1)

γ3

2

4

5

(c)

Fig. : Di ec e en ion of COHDA o he p od c - peci®c DVPP concep .

In ®g e a imple e ample i ho n o ill a e h hi aighfo a d e en ion ap-
p oach i no fea ible. In he e ample gi en, o DVPP e i , i h agen a con ib ing
o bo h DVPP ψ1 and ψ . Agen a1 and agen a bo h a e a a e of a ol ion candida e,
i.e. a e of ope a ion ched le fo all agen i hin bo h DVPP . In he ® ep ( ee ®g-
e (a)) agen a1 end i ne ol ion candida e γ1 o agen a . Agen a no e al a e
hi ol ion candida e and compa e i p od c pe fo mance o i o n ol ion candi-
da e γ . A agen a con ib e o bo h DVPP , he ol ion candida e gi en b agen a1
ma pe fo m o e in e m of p od c f l®llmen han ol ion candida e a . The efo e,
agen a end ol ion candida e γ o agen a1 ( ee ®g e (b)). No agen a1 e al a e
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ol ion candida e γ and compa e i pe fo mance ega ding DVPP ψ1 o ol ion can-
dida e γ1. In he e ample gi en, γ1 pe fo m be e ega ding ψ1. A no ne info ma ion
a inco po a ed o gene a ed b agen a1 he algo i hm e mina e . A bo h agen ick
o diffe en ol ion candida e ho gh, he algo i hm did no con e ge ( ee ®g e (c).

U ing a imple e ample a depic ed in ®g e i co ld be ho n ha a aighfo a d
app oach fo e ending COHDA o DVPP a p od c peci®c coali ion ill ac i®ce
con e gence. Some de ign deci ion had o be aken a a e l of hi :

Fi , if p od c a e he ba i fo DVPP, ope a ion ched le ho ld no co e he hole
planning ho i on (i.e. 4 ho ). The efo e, onl he p od c peci®c lo of an ope a ion
ched le, he o-called p od c ched le) ho ld be comm nica ed i hin a DVPP. The
a igmen of a p od c ched le o all agen i hin a DVPP i called DVPP ched le. Be-
ide en ing con e gence, hi can be een a an a pec of da a minimi a ion. Second, he
e al a ion f nc ion fo e al a ion he ol ion candida e can no longe be global on a -
em le el. The efo e, fo e al a ing ne ol ion candida e , all agen ake in o acco n
onl he p od c pe fo mance i hin he DVPP nde nego ia ion. In ®g e he main ap-

ψ1 ψ23

1

2

4

5

p1 p2

ps 3,p1 ps 3,p2

Operation schedule
of agent 3

Fig. : Comm nica ion of p od c ched le a DVPP- peci®c e ce p of an ope a ion ched le.

p oach o ea e con e gence of he algo i hm i depic ed ing he e ample f om ®g e
: Al ho gh an ene g ni ha o f l®l a f ll ope a ion ched le fo he hole planning
ho i on ( picall 4 ho ), onl he p od c peci®c e ce p i comm nica ed i hin a
DVPP. Fo he e ample gi en, agen a comm nica ed i p od c ched le p a ,p1 i hin
DVPP ψ1 and p od c ched le p a ,p i hin DVPP ψ . Thi e eal ome limi a ion
ega ding he age of ¯e ibili of he ene g ni b en e con e gence.

Wi h hi adap a ion , he p od c peci®c of DVPP a e in eg a ed in o COHDA.

5 E en and Re ched ling

A oon a agen ha e o de ec if hei e pec i e ene g ni follo he nego ia ed
ope a ion ched le, he em ha o e ol e f om an planning em o an agen ba ed
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con ol em. A di c ed in [BS ] hi ha c cial in¯ ence he agen model needed o
f l®l hi a k. Addi ionall , he p oce model ha o be adap ed o in e lea e he p oce e
fo planning, moni o ing and con ol in an app op ia e a . Bo h a pec a e di c ed in
he e of hi ec ion.

5.1 Agen Model

Sof a e agen in eal- o ld en i onmen a e all ca ego i ed in h ee ba ic pe
ha de®ne hei in e ac ion i h he ph ical o ld: Reac i e agen di ec l an fe a
en o ic inp in o an ac ion. Reac ion of hi pe of agen can be eali ed e fa .
Delibe a i e agen model he info ma ion e ie ed in an in e nal o ld model ha i ed
fo planning and p oac i e beha io . H b id agen incl de bo h a pec ( ee e.g. [We1 ]
fo a de ailled di c ion on diffe en agen pe ).

Fo he a k a hand, he con in o planning in DVPP, a h b id agen model i needed:
Fo he (da -ahead) planning p oce , a de ailled o ld model, incl ding he ene g ni
capabili ie i needed. Fo moni o ing and con ol ho gh, di ec eac ion o en o ic inp
ho ld be po ible o en e a fa eac ion o c i ical a e . D ing im la i e e al a ion,
he diffe ence migh no be c cial. When he em i an fe ed o he ®eld ho gh,
he eac i e pa migh be eali ed on diffe en (e.g. mo e eliable, fa e and mo e co l )
ha d a e.

Wi h he In eRRaP a chi ec e a h b id a chi ec e ha been p e en ed man ea ago
[MP94]. In eRRaP i a e icall la e ed a chi ec e ha ep e en bo h kno ledge and
beha io in diffe en la e . F om bo om o op, he la e pa f om en o and ac o
in he ph ical o ld o he coope a i e agen o ld. In ®g e 4, he D naSCOPE agen
model ba ed on hi In eRRaP a chi ec e i depic ed. I ho o in e face ± he ni
in e face a he bo om and he coope a ion in e face a he op. Beha io al la e and o ld
model la e add e diffe en ab ac ion la e ega ding ph ical and agen o ld. In
he local e al a ion la e , he en o ic inp i e al a ed o de ec inciden : Doe he
ene g ni follo he eq i ed ope a ion ched le? Ba ic ni kno ledge like he c en
ope a ion ched le i needed in hi la e . In he econd la e , he local planning la e ,
he agen gene a e op ional ope a ion ched le fo he ene g ni . Diffe en eali a ion
a e po ible o model he local planning kno ledge, i.e. he ene g ni ¯e ibili . Fo
D naSCOPE, a ec o -ba ed oga e model ing a high-dimen ional ep e en a ion of
po ible ni a e ha been ed a p opo ed b B eme e al. in [BS1 ] called ea ch
pace fo he e of hi con ib ion.

Fo he coope a i e planning p oce , o la e ha e been in od ced in he D naSCOPE
agen model: The global planning la e hold beha io and info ma ion fo all agen in
he e pec i e DVPP needed d ing he coope a i e ea ch of a ne cl e ched le. The
coope a ion la e and kno ledge a e needed o de®ne, hich agen comm nica e d ing
coope a i e ea ch of he ne DVPP ched le.

A de ailed de c ip ion of all info ma ion o ed a he diffe en la e i gi en in [Ni15]
an e ce p i gi en in ®g e 4.
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Cooperation interface

Cooperation layer

Global planning layer

Local planning layer

Local evaluation layer

Unit interface

Cooperation knowledge
(e.g. neighborhood)

Global planning knowledge
(e.g. products, cluster schedules

Local planning knowledge
(e.g. unit flexibility options)

Unit knowledge
(e.g. current operation schedule)

B
eh

av
io
u
ra
ll
ay

er
s W

orld
m
od

ellayers

Fig. 4: H b id agen model fo con in o ene g planning

5. P oce model

D naSCOPE eali e he con in o ene g planning i hin DVPP in a f ll di ib ed
manne . The p oce e ma be igge ed b o main diffe en e en , h comp i ing
en poin o he D naSCOPE agen beha io :

• An agen de ec an inciden a i e pec i e ene g ni .
• An agen ecei e a me age f om an agen i hin he ame DVPP.

In he follo ing, e ill de c ibe he ® en poin o D naSCOPE. The econd one,
he p oce of coope a i e ea ch, i imila o he ea ch p oce a de®ned fo COHDA,
al ho gh ome adap a ion ha e been made o incl de he inciden info ma ion d ing
info ma ion n he e . A de ailled de c ip ion ega ding hi a pec i gi en in [Ni15].

In ®g e 5 he p oce e of de ec ing and p oce ing an inciden a e ho n. The ®g e
e e he agen model a ho n in ®g e 4, b foc e on he beha io la e . The
p oce a a he local e al a ion la e . The c en ope a ion ched le al ead ha
been an fe ed o he ni in a p io ep no ho n.
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Fig. 5: D naSCOPE p oce e f om he pe pec i e of an agen de ec ing an inciden a i ene g
ni . inc?: Ha an inciden been de ec ed? P?: I a p od c affec ed b he inciden ? loc?: I a local
compen a ion po ible?

1. Check fo inciden : In each moni o ing in e al he agen check, if he ope a ion
ched le i f l®lled. If an inciden ha been de ec ed, he local planning la e i
ac i a ed.

. Se p each pace: A he ene g ni a e changed, he ¯e ibili model i no
longe alid. A ne ea ch pace i c ea ed ba ed on he c en ene g ni beha -
io .

. Iden if p od c affec ed: No all inciden migh affec a p od c . If no p od c i
endange ed b he inciden , no f he ac ion i needed and he agen e n o he
local e ala ion la e .

4. Iden if ope a ion ched le : If a p od c i affec ed b he de ec ed inciden , he
agen de e mine ope a ion ched le ing he ne ea ch pace. Local of con-
ain migh be e¯ec ed d ing hi ep.

5. Check fo local compen a ion: If he agen can iden if a ne ope a ion ched le
ha compen a e he inciden locall , hi ope a ion ched le i pa ed o ni con-
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®g a ion. If no local compen a ion i po ible o addi ional DVPP and h p od-
c a e affec ed, he global planning la e i called o ac ion.

. De e mine econ®g a ion ime: A he agen ha o a he coope a i e ea ch fo
a ne cl e ched le, a econ®g a ion ime i e . The ope a ion ched le de®ned
b hen ill be ed fo ni con®g a ion. The ® po ible econ®g a on ime
i a he end of he c en planning in e al. Wi h he pical ime e ol ion of 15
min e nea l 15 min e can be ed fo he coope a i e planning p oce .

. Ac ali e o ld model: In he ne ep he agen add he info ma ion on he de-
ec ed inciden and he in alid ope a ion ched le o i o ld model.

8. Coope a i e ea ch: In he la ep he agen end he DVPP- peci®c pa of i
o ld model o all agen i hin i neighbo hood, h e a ing he coope a i e
ea ch p oce . F om hen on, he agen ill p oce me age ecei ed f om o he
agen a he coope a ion in e face.

E al a ion

.1 E pe imen al e p

The e al a ion of D naSCOPE ha been done ing a JAVA-ba ed implemen a ion of he
algo i hm . The ec o -ba ed ea ch pace model ha been implemen ed b JÈo g B eme ,
Uni e i of Oldenb g. Mo e de ail a e p e en ed in [Ni15]. Fo he e l p e en ed
he e, he follo ing cena io ha been cho en:

• Ene g ni : CHP (4. kWel), PV plan (1 kWp), 1 hea p mp (5 kW ).
• P od c : 11 a.m. o p.m., 15 kWh o be deli e ed each ho .
• Me age dela : m .
• Uni ¯e ibili model ( ea ch pace) gene a ed fo a p ing da .
• Inciden : CHP o age and PV p ogno i de ia ion .

The alloca ion of inciden i hin he 4-ho p od c ho i on i impo an fo he e al a-
ion of he o e all em. The efo e, hi a pec ha been implemen ed in a de e mini ic
b andom ba ed a : We choo e diffe en empo al alloca ion of inciden in a andom
a b e andom eed o g a an ee ep od cibili . 1 n ha e been cho en fo

each cena io i h a de®ned e of inciden alloca ed o e ime in ch a a .

. Inciden de ec ion and e ched ling q ali

In ®g e an e ample i gi en fo a n i h 1 CHP o age . On he X a i , he ol ion
e al a ion i ch onologicall o de ed: Each ime an agen e al a e a DVPP ched le, hi
i logged i hin he em. On he Y a i , he e pec ed p od c deli e pe fo mance

The e m o age ma be mi leading he e: I can be nde ood a an pe of n ched led i ching off.

1 1
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i gi en. A al e of 1. mean pe fec p od c deli e (i.e. 15 kWh in all 4 p od c
ho ). In he lef pa of he diag am, he ini ial planning p oce i ho n: The agen
ield an e pec ed p od c deli e pe fo mace of .99 in he da ahead planning p oce .
Fo all follo ing al e , he im la ed ime i gi en on op of he diag am fo ea e of
nde anding. Inciden a e depic ed ing a o .
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Fig. : E ample fo inciden de ec ion and e pec ed p od c deli e pe fo mance.

In he ® half of p od c deli e , each inciden lead o a ed ced p od c deli e
pe fo mance ® . The agen manage o enhance hi al e i hin he coope a i e ea ch
fo a ne DVPP ched le ho gh, h enhancing he al e. Con e gence of he p oce e
can be ecogni ed f om he pla ea igh befo e he ne inciden . In he e ample gi en,
he ini ial pe fo mance i no eached.

D ing he econd half of p od c deli e , a e in e e ing effec i ob e ed: i h an
inciden , he p od c deli e pe fo mance doe no dec ea e a all, b inc ea e o a
be e al e a once. Thi effec can be e plained hen e amining he ime pan pa ed
ince begin of p od c deli e : The ho e he emaining p od c ime pan, he malle
i he e pec ed effec of an o age.

In ®g e he ®nal p od c deli e pe fo mance i ho n fo all 1 n pe e pe imen-
al e p and inciden con®g a ion in a bo plo . The median i depic ed i h he bl e
line i hin he q a ile bo . The a i hme ic mean i ho n ing a bl e ci cle. The ppe
diag am ho he e l fo o 1 CHP o age onl , he ea he lo e one ho he
e l of im la ion n i h 4 PV p ogno i de ia ion and o 1 CHP o age com-
bined. If no inciden a e in e ed, he ®nal q ali i abo .99 fo all n ( ee ppe lef
co ne in ®g e ). In bo h diag am i can be een, ha he mo e inciden a e in e ed, he
lo e i he ®nal pe fo mance. In all ca e , he ®nal p od c deli e pe fo mance e ceed
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he e pec ed al e af e inciden de ec ion ho n in ®g e : D naSCOPE lead o be e
p od c deli e in all im la ion n .
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Fig. : P od c deli e pe fo mance fo a a ing amo n of inciden .

. Comm nica ion O e head

One a pec in e al a ing he calabili of D naSCOPE ega ding he n mbe of inciden
de ec ed in he ®eld i he comm nica ion o e head in e m of mean n mbe of me age
en b each agen . In ®g e 8 hi al e i e in o ela ion i h he n mbe of inciden
ing bo plo . The ame e pe imen al e p a ed a de c ibed in ec ion .1. The

ma im m al e can be fo nd a abo 55 i h 14 inciden i hin he 4 ho p od c
ho i on. F he mo e, he n mbe of me age g o in a blinea manne . Thi can be
e plained f om a D naSCOPE de ail no p e en ed in de ail in he o k a hand: The
mo e inciden a e in od ced in he 4-ho p od c ho i on, he mo e inciden ake place
in he ame planning in e al. A he coope a i e ea ch p oce e a e in eg a ed b D -
naSCOPE, he n mbe of me age ho ld ai e blinea i h he n mbe of inciden .

Concl ion and F e Wo k

In he o k p e en ed he e, e in od ced D naSCOPE a a f ll di ib ed con in o
planning app oach fo decen ali ed ene g ni o gani ed in DVPP . D naSCOPE ha
been de eloped b e ending COHDA, a di ib ed op imi a ion he i ic, o a di ib ed
moni o ing and con ol em. We e al a ed D naSCOPE ing a im la i e app oach. I
co ld be ho n, ha D naSCOPE effec i el enhance p od c deli e and h allo
fo he deli e of an ene g p od c i h le eliable ene g ni p one o p ogno i
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Fig. 8: Mean n mbe of me age en pe agen b n mbe of inciden in e ed d ing p od c
ho i on.

de ia ion and o age . A a ® di ib ed app oach fo hi a k follo ing he DVPP
concep , he pe fo mance of he em canno be compa ed o o he planning app oache
e . In he ® i e a ion of Sma G id Algo i hm Enginee ing p e en ed he e, main ®nd-
ing ha e been e ie ed, f he mo i a ing he e en ion of he em and na o ing he
gap o an applica ion in he ®eld. In c en o k, e e ol e D naSCOPE i hin he open
o ce ene g ni agg ega ion, planning and con ol em Open VPP4.
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