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ABSTRACT

The purpose of this paper is to pest the main results of
the ongoing analysis of applying dynamé&twork access
tariffs in Portugal.

For the 2015/ 2017 regulatory period, the Portuguese
National Regulatory Authority, ERSE, required the three
main Portuguese DSOs to submit, until the ef June
2016, plans for the implementation of network dynamic
tariff schemes targeting Medium, High and Extra High
Voltage customers, as well as the respectiveloesefit
analysis. EDP Distribui¢éo, the main Portuguese DSO, is
preparing a report regarithg the implementation of pilot
projects on a samplef these segmentsf customers,
which are dudo be on the field during 201 Thesepilots
should help electrical energy stakeholders understand
how the Electric System can benefit from the use of
dynanmic tariffs focused on networkallowing for the
guantification ofbenefits in a more accurate wayhe
level of demand response that results from price signals is
a key issue thdtoth theregulator and EDP Distribuicéo
will quantify.Other important issut assess this study

is the efficiency of cost recovery under a dynamic tariff
scheme. In conclusion, this paper will present some results
obtained from the cogienefit analysis regarding the
implementation of a Critical Peak Pricing scheme, as well
as the key learnings supporting the introduction of
dynamic schemes in the future, not only for EHV, HV and
MV customers but also eventually extending it to LV ones.

INTRODUCTION

In the present context ofthe Hectric System
transformation towards decenélized generation and
sustainability tariff structures face&normous challenges.
The rapid growth of renewabilgiectionin thedistribution
network requiresnew mechanisms of demamndsponse.
Dynamic tariffs may constitute an important mean
promote f.

Current tariff schemesin Portugal with a price
differentiation establisla static annual number of peak
hours. Howeverpeak consumption istrongly relatedd
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volatile variables liketemperature Hence,it is only
possible tastimatewith accuracyeal peak consumption
few hours / daysni advanceThe 15minute analysis of
network energy flows, in the last years, revealed a
significantmismatch between the peak hours set in the
static Time of Use tariffs and the periods of highest
network congestionThe implementation of a dynamic
scheme could allow for a better correspondence between
network incremental costs and peak consumption, which is
one of the most relevant drivers of network investment,
operation and maintenance costs.
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Figure 1 - calendar peak hours vs peak hours of consumption (2014)

In thisscopein December 2014 thHeortuguese regulator
requiredeDP Distribuicdo antheDSGCs from Azores and
Madeirg thedevelopmenbf a plan fothe deployment of
pilots regarding the implementation of dynamic network
access tariffs in ¥V, HV and MV customersThe
rational of choiceof these segments was not only
economical they have remote meteg installedwhich
makes the implementation of dynamidffaptions faster
and cheaperbut also because they represent 46% of total
consunption and areanore familiarwith complex tariff
structures.

This requirement led EDP Distribuicdo to establish a
contract with INESETEC, which would support tHeSO

in the costbenefit analysis and the plan for the pilot.
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Regarding the lattemany pararaters had to be selected:
the tariff schemethe number of critical periodand their
duration, the timing to notify the customers, the price
levels and the criteria for critical period activation.

One of the most important challenges in this work has

beenthe identification ofthe major benefits of such

schemes, which depend on the level of consumer response £

and are not usually immediatehe major lenefitsfor the ;

electric systemmay arise from thedeferral of grid

expansion investments, decrease of teriossesand

the reduction of customer: l some costs
related to new systems to forecast critical periods,

administrative costs of notification and technology

development and Implementatlon cost were assessed in theFlgUre 2 - Chart from the document “The potentlal of smart meter
enabled programs to increase energy and systems efficienct: a mass

cost benefit analysisBP Distribuicdoand INESCTEC pilot comparison”, Vaasaett, 2011

ran

According to this, dynamic tariffs representanewtoolfor Ho wever | there are some disadyv

DSOs to manage the grid. Together with consumption npeglected anthay constitute a barrier for the success of
forecasting tools, dynamic tariffs allow DSOs to send a gych implementation such as the perception from clients
stronger pricesignal, applicable to a short numbépeak regardingthe price level or by being intrusive when a
hours per year, after warning the customer in advance.  critical event occurBesides, a Super Peak Tolil also

be tested in the piloschemedue to it potential benefits
DYNAMIC TARIFFS andlower implementation costs.

There are several types of dynamic tariffs, which can be
selected according to the context and objectives of their THE PORTUGUESE TARIFF STRUCTURE

implementationEDP Distribuicadasanalyzed 4 types of | portugal, the Network Access tariff structure for Very
scheme: High Voltage (VHV), High Voltage (HV) and
o] Critical Peak Pricing (CPP): Pre definition of Medium Voltage (MV) customers is Tire-Use and
higher prices to implement during critical hours,  comprises four diffeent time periods: peak, full, effeak
which can either reflect a higher price in the energy and super ofpeak. On the other hand, customers pay the
or a higher demand level for network capacity. Network Access through four different billing terms:
Notification is usually made 1 to 2 days in advance gntracted power (cp), average load in peak hours (alph),

Peak Clipping (%)

andcritical periods last for up to 8 hours; active energy (ae) and reactive energy (re). nibnthy

o] Real Time Pricing (RTP): Prices change on an cp equals the customer’s maxi mt
hourly basis, usually linked to the prices in the twelve months, average load in peak hours is only charged
wholesale market. during peaks. The latter is the term from which network

0 Peak Time Rebates (PTR) or Critical Peak operators recover the majority of their revenues. From
Rebates (CPR): This scheme is similar to the CPP. 2015 data, alph represed more than 40% of HV and
However, nstead of applying a higher price during mor e t han half of al l MV cust o
critical hours, in this scheme a discount is given to  pjstribution Network charges. In fact, during peak hours it
customers that reduce their lew¢lconsumption in is frequent that Network Access costs more than the
these hours; Energy component of the tariff paid by this segment of

0 Super peak ToU scheme: Under this static customes.

scheme, there is a set of hours where the customer gconomically, each of the four billing terms has a different

recaves a strong pricsignal, in order to reduce  goal. Contracted power is meant to recover peripheral
consumptionThis period can cexist with a peak  network costs, average power during peaks shall recover
period. the costs of investing in the central network assets, while

) ) ) ) energy is charged teecover the cost of energy losses in
EDP Distribuicéois likely to implementin the pilots a the different periods.

CPPschemalue toits benefit: t ' s easy to be understood

by customersit provides astrong price signal that EDPD Pilot

encourages the shift of consumption with great benefits for The pilot project required by ERSE is expected to start in
costumer’s bills; theAlshor the sdooridadlfiof@016. Af least two arff s¢ghented aved s .
this scheme has delivered the best results in terms of expected to be tested. One of them will be a Critical Peak
demand response, according to some litergfigere 2) Pricing stieme. This scheme will include a set of critical
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days for the network, each year. The number of critical

days will be preset, and should be the duration of the The VHV, HV and MV customers adopting these schemes
critical period on those days. Also, the customer will be will not necessarily be charged a higher price in the
notified 1 or 2 days in advance, byail, message or in periods when they consume more, because the critical
the internet, to ensure he is provided with the necessary hours at the network level are highly influenced by the
time to adapt consumption during those events. The consumption of.ow Voltage customers. This is why the
involved customers will also have access to a webportal critical hours of network congestion, for both approaches,
where, besides being able to check their consumption, are tend to be concentrated in the Winter months, and occur
able to simudte the benefits of responding to the price  mostly between 6PM and 10PM.

signals they are sent. It is important to highlight that the Under the Portuguese Tariff Code, there is the principle of
main billing term that will be changed in the new scheme tariff uniformity. This means that customers of the same
will be aplh, which should be now applied to a much lower nature shall be charged the same for the services provided

number of hours, but increase itslugg to make the in the whole country. Despite this principle, it may become
response more effective. possible that the pilot will contemplate tariff schemes with
The other scheme to be analysed will be Fofitse, and the exact same rulessame nurber of critical days per

new load terms and prices shall be introduced. Even year, same types of pricesdut a regional application of
though some parameters of the new schemes are still to becritical days. This would be done because of the regional
specified, there are two main goals to reagholbetter nature of network congestions. While an analysis of
match peak prices to the hours where the grid tends to be consumption net of RES in the whole country shows that
most congested; 2) to lower the number of peak hours Winter months are the most critical, if we look at the
from the current 1.000 to approximately 100.hours. By South of Portugal we realize some of the critical hours in
doing this, the pricsignal applied to the customers during  this region occur in the Summer, due to the touristic
critical hours wil be higher than it is now, but they will sector.

pay a lower price in the remaining hours. On average, The pilot will also contemplate customer engagement. For
however, it is expected that revenues coming from HV and this purpose, a webportal witle created. HV and MV
MV do not change if they keep their consumption profile customers already have access to their consumption
the same. Their savings should be relatetiéo iemand history. However, this webportal will allow them to
response and load shifts. compare what they pay for under the new and the former
Another important issue has to do with the definitions of schemes. Also, they will be able to simulate how much
critical day and network congestion. An approach that they can save if thegeduce or shift consumption from
considers unilateral energy flows from generation points to critical to noncritical hours.

consumption will define a critical day as gyaehen there This pilot is expected to provide some results about
is a very high level of energy flowing through the grids.  potential benefits and costs of adopting dynamic tariffs for
For instance, a congestion at a HV level would correspond Network Access. A set of Key Performance Indicators

to a moment when the summation of LV, MV and HV  (KPIs) will also bechasn, t o better quantif
reaches its highest values. That is, its congestion function success. These KPIs must take into account variables like
would be the folbwing: total consumption, consumption in critical periods,

consumer savings and peak consumption growth. INESC
TEC and EDP Distribuigc&o will also report the evolution
of the pilot project through a set of periodical monitoring
reports.

A different approach takes distributed generation into

account, and considers congestion as a period when there HE COST-BENEFIT ANALYSIS
is a high level of consumption net of distributed As mentioned above, the Portuguese Energy Services
generation. Under this approach, priignals would be Regulatory AgencyERSE,required in 2014 that EDP
stronger when more consurigpt is satisfied by non Distribuicdo submitteda Plan to develop Pilot Projects
distributed generation. Thialso means that the new towards the implementation of Dynamic Tariffs regarding
scheme would tend to maximize the use of renewable the access to the networks. This Plan should include

energy sourced (RES). Hence, and using the HV network ((j:etaiIBs ab(f)lutAthel pilot g'gfcés as_welrlllas the results of a
example again, a congestion at the HV level would be dicr)séte%nt%g Dnsaoys_[[s, I. ?Scf’#:g IS requwt(re]mtetr;]t 1S
calculated through thfollowing equation: ; L Was clear r eginning that the

CBA should investigate the benefits and the costs for the
entire Portuguese power system. Hawinis in mind, the
Congestiony, = Z Covr+ Copr + Copp — RES CBA addressethe following points:

Congestiony, = Z Car + Cpr + Gy

— RESyyy — RES 1y - Benefits from load shifting considering the
market Social Welfare FunctioSWF, taking into
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account the participation of Portugal Iberian be neglectable. In fact, secondary bid prices were found to
wholesale market be very tose (sometimes with differences of few cents of
- The reduction of network losses; €) so that interchanging the an
- Investment deferral from one hour to other hours would virtually have no
- Cost reductiorassociatedo the procurement of economidmpact. Additionally, the amount of reserves to
secondary and terciary reseryes contractbu the TSCQalso depend on themount of wind
- The costs of implementing the pilot proje@s and photovoltaic generation estimated for each hour of the

well as the costs during the horizon under analysis. next day. This suggests that even if some demand
reductionisinduced in some hours by dynamic tariffs, the
amaunt of reservedo be contractethy the TSO would
remained almost unanged.

Finally, EDP Distribuicéo identified costs related to the
development of forecasting models for demand,
distributed generation and critical hours on a regional and
a voltage level basis, with programs to increase the
awareness of customers, with aoommicating with
consumers and witlheadaptation of the billing software

to consider the new tariff options.

The result®btainedso farsuggest a nétenefit ofaround

7 M£taking into account a discount rate of 6,75%. It
should also be mentioned thaigest share of the paitial
benefits, around 98%, i=lated tonetwork investment
deferralover the horizon till 2030 and that the betsefi
associated with the impact ¢tlme SWF,0on the networks
losses and on contractingserves were found marginal.

The evaliation was conducted takirtge 100 hours of
larger demand in 2013k a departing poinRegarding the
impact on the SWF, for eactritical hour hit was
evaluated the reduction of the valof SWF due to the
reduction of 5% of the demand in EHV, HV and MV
levels (approximately corresponding to 50% of the total
Portuguese demandph that hour. Thenit was also
evaluated how the SWF of the hoursl hand h+1
increaseddue to the increase ofhe demand. In this
analysis we admitted that the 5% demand reduction on
hour h was equally distributed by hoursl fand h+1.
There would exist a benefit if the increase of SWF
hours Rl and h+1 was larger than reduction in hour h.
This analysis was condted to the 100 hours ¢drger
demand in 2014 and thesults wer¢henprojected along

the horizon under analysis from 2015 to 2030

Regarding the network lossese usedthe historical
demand data for 2014nd loss profiles provided by MAIN CONCLUSIONS

ERSE Thesdoss profiles are calculated on a 15 min basis The pilot broiect of d ic tariffs f work
and for each voltage level and type of cligmy relatghe € priot project of dynamic tarifls for network access can

demand and the losses in the system. Therefore, the losseQ€ S€€N as pioneer experiment of testing dynamic tariffs on
were estimated on the departing point and then once againth® nétwork componentThe participation of all
admitting that 5% of the demaion EHV, HV and MV on stakeholders- suppliers, consumers and energy services
the 100 hours of larger demand was transferred to the companies-is keyto make sure the pilot is successfully
lateral hours. The difference among these two situations implemented. There should be adequate indicators to
once again projected till(B0 correspond to the benefit assess how dynamic tariffs can change aggregate and peak
coming from this item. consumption. Also, the total benefits of these new schemes
In what concerns the network investmetitshould be should not only be seen as DSO or customer fienafi
clarified that currently investment decisions are taken by System gains and costs shall be taken into account during
the DSO based in the evolution of the peak demand, that the pilot. Although some of the expected gains are long

is, guarantying a worst case scenario. This means that if a termrelated, the pilot should help understand how much
reduction of the peak demand is induced by the adoption jmpact this type of tariffs will have on customer behavior
of dynamictariffs then some investments in network assets anqd on network cds. In case there are clear net benefits
can be avoided or at least deferred. Accordingly, we used 5550 ciated to this pilot, the Portuguese NRA will take the
the utilization factors of network equipmegpercentage of g 1ts of the pilot into account to eventually include this

maximum flow in an equipment regarding its capaddy) ; ; ;
2014 andprojected these valuedll t2030 taking into ;3{5‘; eoptlon for VHV, HV and MV customers in the

account theexpecteddemand evolution. The investment
requirements were estimated adopting an investment
trigger of 75%and admittinghatthe commissioning of REFERENCES

the new equipment occurred 5 years afterwards. This [1] - ERSE- Regulamentd arifario do Setor Htrico,
analysis conducted toraference investment level. Then, 2014.

the analysis was repeated considering that the demand of

the EHV, HV and MV level®n the 100 hours of larger  [2] — Vaasaett2011— Empower demand

demand reduced by 5% thus originating a peak demand

reduction. The new investment requirement was compared [3] — Eurelectric, 2013- Network tariff structure for a
with the reference value leading to the corresponding Smart Energy System

potential benefit.

The impact on contractingserve, namely secondary and  [4] — EDP Distribuicdo

tertiary reserves, was also investigated but it was found to
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