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regul ated and mar ket enviro
. ABSTRACT energy consumption and minimizing its ¢gebviding at
The upcoming smart grid paradigm brings a new approach same timegrid servicesn case ofyrid technical constraints.
for distribution grid management, rega_rdmg new tech_nlcal Il PORTUGUESE FRAMEWORK
features for DSO and new energy services to be provided to
final customergOntheone hand these technical featuresand Figure 1 outlines a general outlook abthg energy cost
energy services beme possible a more efficient management  structure in Portugal, where it can $eenthat in LV grid
of distribution grd aimingat a reductionof grid investment about 40% of the cost is due energy cdse to generation,
and operational costnot only in investment but also in  retail andrading Here are included the costs from the market
operation and management. On the other hand these newin dayahead anthtraday timeframes, where some deviations
services for clients may become possible an increase on from forecasts are correctédoreoverabout60%of energy
energy efficiency and energy cost reductiarclents, with structure cost in LMs dueto grid accesseghat includes
direct impact in environmental goals worldwide. distribution grid transmission grid awell asother system
This paper describes a use case developed under SENSIBLEcosts.This leads to the conclasi that actingon grid access
Projectto beimplemented in the Portuguese Demonstrator  and energy price would have a considerable impact in energy
Evora, wherelow voltage (LV)clients provide flexibility cost to final LV clientDespite the good quality of service and
through the usge of energy storage and energy management the high level of reliability, the current grid infrastructure is
technologies, both in regulated and market environment, ancientand needs to undergo sigaiit adjustments to handle
optimizing customer s6 ener ghefuture ohalenggs thnanely higher deakrdemandngreatern ¢
cost and, simultaneously, providing grid services when grid control over energy costesses reductioand lowerO&M
technical constraints occuwith indirect impact in grid cost.Despitethese upcoming challengies the reliability of
investment costs

Il. INTRODUCTION

The increase of renewable generation in distribution grids . 45% 4%
combined with increasingly volatile load diagrams raises the e
necessityfor a more flexible grid. This flexibility can be
provided by the DSO in alBiness as Usu@aU),approach

or by the grid users themselves, through innovative schemes
The SENSIBLE project- StorageEnabled Sustainable 1%
Energy for Buildings and Communitissan H2020 funded s 22 e
project focusean energy storage and energy managémen 5 33%
technologies developments appleh for grid and end user
applications, with three complementary demonstrators —=lE=—=l&=—=l&f=——F——=&=—=5&~=
PortugalEvorg GermanyNurembergand United Kingdom VHV HY MV v Total
Nottingham The Portuguese demonstratadoptsa wide <ALAKVA - >ALAKVA
focuswith several use cases tsed in grid applications and ] Energy

end customer sd enerThiypamer r [ Gridaccess

describesa use case developed under SENSIBRiBject [ other costs

currently. in develo_pmen'h. t_h_e Portuguese demonstrator Figure 1 - Energy tariff cost structure in Portugal,
where clients provide flexibility through the use of energy  excluding taxes (2015) [1]

storage and energy management technologies, both in

70% &%
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the grid and its quality of service, the optimization of voltage prafes, mainly in low shortircuit LV grids.Another
sustainable drivers like energy efficiency, environmental considerable change is ttieensdbehaviouprofilesthatare
getting anore activeole tharpassiveNew technologies and
new energy management tecués are emergingSince
clients are not so awadd thesetechniquesinnovativeand
real demastrator projects like SENSIBL&hould promote

the firstfrom clients to these new reality.

= Quality of Service = Grid Eficiency to be providednainly toDSO
Continuity of Supply Operational Efficiéncy

= Other

The aforementioned challenges and desand for new
energy services (likenergy flexibility servicggo distributon

grids stakeholders, from retailers to customers or producers,
can only be achieved within a smgrid conceptThe key
word to respond to a more volatile grid operation is flexibility,

The previous figureand fact®utlinethree main conclusions
of the Portuguese frameworl the energy cost for LV
Figure 2 - Investment in Portuguese Grid 2015-17[2] costumer highly depends on two main items grid access cost
) _ and energy costs; Quality-of-Service Continuity of Supply
aspects and energy costs for clients or electrical sector costsgnq Grid efficiencyarethreeof themain investmentectors
are classical drivers that cannot be discai@edsidering the and thiclearly shows its importanéer theDSO mission; i)
distributiongrid investmenplanthere are four main itensat Renewable generation integration is on¢hefDSO main
make upthe investment Continuity of Service, Technical  challenges andesponsibilities This leadsto new grid
Quality of Service, Grid Efficiency, and Operational  managementethnijues, where new use cases and tools
Efﬁcienc;_/. As it shown i_rfigurez,the first_two items sump developments shédi support new business models to be
60% of investmentGrid peak power is one dhe key erected This leads to four of the objectives of the use case
indicators that is strohg correlated with grid investment. studied in this papenamely Continuity of Service, Quality of

Moreover, aalyzinggrid efficiency and since technical losses  ggpyice Energy Efficiency and RES integration.

are proportional to the square of curréRisesa ?),Ithe Figure 4outlines adaily load diagram andhergy market daily
minimizationof peak demand is a key factorl¢over their price where it can be shown thaarketenergy pricpeakand

valueandstronglycontribuesto a more sustainable electrical peakpowerconsumption are not completetyupled.

system. Moreover renewable energy sources (RES)
integration is one of the DSO responsibilities according to

o

50

European andPortuguese directivesConsidering RES B T~
integration,Portugal is one of leading countriesEurope * ~ | »
according to national polici¢8]. A quick overview on figure E £
3clearly shows thstrong growttof therenewable genation ™ w
connectedo thedistributian grid (80% of overall Portuguese w

renewable capacity) whidmave been increasing year after N 1
year, everlespite th€ortuguese econontdsisthe country ,

is undergoing sinc201Q This increase iRESconnected to

™= Market price-Portugal =  Consumption — Spain

the dIStrIbutIOI"I gnd Imp|IeS thaﬁhe DSO faceS new Market price-SPAIN Consumption - Portugal
challenges sincgrids are beginning to be explored with &  Figure 4 i Daily peak consumption and energy price in

different strategy. They were deployed so that the power wholesale market [4]
flowedfrom upstream to downstream, but they are now facing

a new reality. One well known problem is the increase of SCMe often the energy price can be decreasing while the peak
power still remains high. Thiginforce thédea that energy

and power must be managed integrated concerning the two
main energy cost componenather than separatéthelast
objectiveis to minimize energy cosipaid by theclient and
itds consi de r domk thtolglan integrétad s
management between gedcesgosts and energy cost price

I I I o clients, which intend® reduce their energy cosé&€ess and

IS energy) through providing flexibility both to DSO and

2
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sincethey are not decoupled variables.
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Figure 3 - Renewable Energy connected in distribution Retailer, ashe following sectionexplain
grid Portugal [3]
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Taking into account treboveframework this paper to detail
a use case where new energy services will be available to
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IV.  SENSIBLE USE CASE- FLEXIBILITY Day-ahead timeframe
AND DSM IN THE MARKE T The clientos final ener gy P
PARTICIPATION resulting from wholesale market and the grid access regulated
dynamic tariff. In case a technical constraint is foresben,
The implementation of this use case is oatli in figure4 dynamc tariff will charge moré or gr i, dithéhe ac c e

where it is assumed that customer participation will occur customer being warned in advanéere forecagtdsuch as
through a Retailer or other Energy Service Company that acts excesf PV generation in a feeder, the DSO \aitiplya
in two timeframes (daghead and intraday) with  dynamic tariffto grid accessostitemin order topromote
complementary approaches, articulating regulated activities energy consumption

(grid managment) and market activities (energy market)

Grid access cost will be managed by a dynamic tgiffied

by the DSO under regulated rulehich shall represent an

Use case framework
Regulated Market
Purpose Optimizing grid operation Optimeinglencigyicosteito cﬁ:ﬁ{s Eostsito
- Grid access optimization in peak + Client's flexibility used by energy
= s | R e £ o G G s e
T g ah%ad d:;—sheadﬁmelr{ame day-ahead perspective
0|5 period - Minimizing costs for clients, retailers
g .: and system.
E 2 intaday | %o 8 lond Cunmiment sgrat 13 T Figure 6 - Day-ahead use case outline
Intraday - regated compensation between
(= © period | . :Jluifi:a_r:\':: contingencies through );:\fgl«xligr‘:mt :nns'um;lifm 'furec:s:wand ]
e . Ri?iﬁf:ié”::}i?2!:2.21“:::?;.%7;5 On the other hand an Energy Service Company (ESC)
and system (secondary an ertiary . . . - . - .
T could optimize its market participation by managing the
T T T~ o flexibility available in it:
} i bids to the market and offers to the customers. This is
Figure 57 Use case framework done considering both the dajead wholesale electricity

market and the optimal participation in the intraday
incentivefor customergo adapt their peak consumption in ~ market.
case of technical constraint$his tariff should reward

customers that contribute to grid managemeher than Intradgv tlmefrfame o )

clients thatead to grid expansion cos&he tariff should also N the intraday timeframeonsidering a BaU scenariny

be related tahe avoidable costé.e. in grid investment, ~ Unbalancebetween daphead offers andntraday real
operation and maintenands) DSOwhenclientscontribute consumptiowould be compensatédintraday markewith

with flexibility in benefitof thegrid operation. hlght_ar _cost&o retailers that fglls_ theiprevious offers and
We can say that a dynamic tariff existben they vary predictions Moreover any deviations would be compensated

accordingo a certain purpose trying to incentive some type of by the TSO irsecondaryeserve market and this associated

behaviourThe aim of dynamic tariffs is to better reflect costs,

eitherin terms of generation or distribution network. For the

DSO, we can list some advantages dynamic tariff schemes can

bring. First, they have some potential to lower the pace of

growth of peak consumption. Networks are designed to

accommodate maximum consurop. If peak consumption

grows less, it means some investment can be deferred. Second,

technical losses can decrease, if consumption has a flatter

curve Third, there will be a higher potential to integrate RES

in the grid without compromising its relidibi. Another

important consequence has to do with the more efficient .

allocation of costs across customers, because dynamicFigure 7 - Intraday use case outline

e o CJSYSysie Adusing Fcton woud b paby e

Energ marketbenefitswill come from market participation, whose clierts failed t elmfeujprledlctlor}. -

where i6 assumedhat clients are equipped with flexibility These costs CC.)UId be mlnlmlzed_ using better pred!ctl_ons of
X . . the consumption and the flexibility of each within a

management tools and flexible loads (as explained in

Developments sectioaf well as that theflexibility will be ' e.t. al : eros ofq:hlentse wide flemhjermarlkgb o
used by an Energy Sére Provider Companyin an participation This will result h a cost reduction to the retailers

and these benefits will be shared also with customers
aggregated way.
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