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Converting Demand Side Operation in an accurate tool
for the Transmission System Operator

0 DSO is been considered by REE as an alternative resource to provide
system margin scarcity, bottleneck solutions and other system services
as technical balance.

It has important advantages
¢ Positive environmental effect
e Minor energetic cost
e Reduced electric cost for the provider costumer

Nevertheless,

nthereis alot of work to do inside and outside the company in order to
get accurate tools that

e can be operated in the control room and
e considered in the network planning.

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Priorities

Quick population and economic growth

1. Provide local system margin, at least
until new network or plants are in
place

2. Energy saving at day time demand

Southern line saturation in a average summer labour day Number of household growth index number
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Priorities

High increase on reactive power
consumption on cooling, fridge and
freezers

et _ o 3. Provide distributed compensation
ctive and reactive energy hourly consumed on a domestic fridge ]
%00 W management capacity

Activa Reactiva

250

ﬁ f‘ 4. Reduce reactive power consumption
e = N on the appliances.
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Prospecting

Following up of international experiences

o DSM AIE agreement Spain participation representative
Projects with REE active participation

o Annex Xl Residential automatic response and modulation,
Leader: Richard Fomby, EA technology, UK

o Annex Xlll Market pace for DSM and DSO,
Leader: PLMA, USA

o Annex XV Network driven DSM, DSO

Leader: David Crosby, Utilities Association, Australia

o Madrid Forums on Demand Side Operability, REE and DSM AIE
cooperation

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Prospecting, In deep consults to GYMCO

To analyse the possibility of converting

demand management into a control 0 GYMCO SEGMENT
tool associated with the System’s o Large and medium consumers, power
operation. level in critical periods

o In Populated areas
o GYMCO SEGMENTS o DSO capability expected

o Water and desaltation

o Irrigation a Sample 30 consumers
o Hospital Sy
o Airports ‘
o Hotels
o Ceramic
o Large commercial and malls
o Frizz storage ..7/"" —
EMERGIE PRICEAVATERHOUSE(COPERS

o Already interruptible segments

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Areas and economic

sectors

Sample of clients to be
interviewed

Prospecting, In deep consults to GYMCO

Interviews with

consumers. Elaboration of
documentation and plan

for future actions

GYMCO Project within the Framework of the EMERGIE Project

* Analysis of areas of interest
(areas with smallest
oversizing).

* Analysis of hourly periods
during which summer and
winter peaks are produced.

* Analysis of predominant
economic sectors in each
province to be analysed.

REE Converting Demand Side Operation in a Resource of the Transmission System Operation

* Initial selection of client sample

(sector, consumption,
cogeneration capacity,
emergency systems,
international experience...)

* Analysis of load curves.
* Final selection of the sample of

clients to be interviewed.

» Demand management
analysis of the sectors/
consumers interviewed.

* Extrapolation of results to
national and international
level.

* Publication of results and
presentations to the
Organizations and Agents
involved in the Spanish
Electrical System.

PRICEWATERHOUSE(COPERS

15
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Prospecting, In deep consults to GYmMCO

Examples of preliminary findings

Analysis of the demand management capacity in other analyzed sectors.

Demand

management Reason

Capacity

Integral cycle of water

Beer Sector

Cement Sector

Facility of
Actions need to management
interest
- Depuration
Investment in tanks of storage (desalination). Yes
. Desalination
The CHP capacity make them autonomous and with
. Autonomous generation Interruption capacity. Yes
Low additional investment.
. Flexible production
Capacity of DSR in winter. Yes
. Maintenance
. Flexible production
Capacity of DSR in winter. Yes
. Maintenance
PRICEAATERHOUSE(QOPERS
Converting Demand Side Operation in a Resource of the Transmission System Operation
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Prospecting, Short consults consults to GYMCO

o GYMCO, Inventory of distributed
resources

o Quick response capability

o Security generation plants

o Reactive compensation capability
o Cogeneration

o Energy control systems on that facilities
o Sample 200 consumers

o Phone media

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Prospecting, Residential survey and metering

RESCO
o Sample 2.000 households

o National representativnes

e Actualise information on appliances
possession, time of use, programmable,
controllable ones and stably controlled

e Infrastructures for control and bidirectional
communication, domotica, security, internet,
others

e Preferences on remote control in short periods
and override

o Nielsen permanent panels

Nielsen

Converting Demand Side Operation in a Resource of the Transmission System Operation 8
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Prospecting, Residential survey and metering

As one of the main targets of the study, a concept test will be carried out. The
DSO concepts to be tested are the following:

DSO CONCEPT A:

“Installation of “intelligent” plugs with override option ”. These plugs will be
able to receive interruption commands from REE, but the consumer could
choose wether interrrupting the service or reactivate it.

“Installation of “intelligent” plugs without override option”. These plugs will
be able to receive interruption commands from REE, but in this case the
consumer will not be able to reactivate the service.

DSO CONCEPT B:

“Capability to change consuming behaviour to those time brackets which
have cheaper tariffs. For this purpose special devices would be previously
installed in every domestic appliance”.

Converting Demand Side Operation in a Resource of the Transmission System Operation 9
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projection of households response

o Projection of the Demand response Portfolio for Residential
Consumers in Spain.

o FORECAST PERIOD: 2010, 2015 y 2020
o Desegregation level:

o By end-use equipment: lighting, fridge, freezer, laundry machine, tumble dryer, dishwasher, heat pumps,

stand-by appliances, space heater, air conditioner, water heater, sauna, water filters, etc.

o By time of use and season-type day.

Converting Demand Side Operation in a Resource of the Transmission System Operation
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DEREC projection of households response

o EXAMPLE: Total consumption estimation for one-door fridges by priority zones

on an average season-type day.

FRIDGE (one door)
Average winterday ||

Power 0,02 KW
Dayly hours of use 24,0
Dayly comsumption by equipment 0,48 KWh
% OF HOUSEHOLDS WITH HOUSEHOLDS NUMBER OF ELECTRICITY CONSUMPTION (KWh)
FRIDGE (one door) (Number) FRIDGE (one door) FRIDGE (one door)
PRIORITY ZONE 1 6,72 2.008.619 134.912 64.758
Malaga 5,90 434.766 25.651 12.313
Almeria 6,40 176.170 11.275 5.412
Céadiz 8,40 347.038 29.151 13.993
Granada 6,30 281.557 17.738 8.514
Sevilla 4,10 555.605 22.780 10.934
Gerona 9,20 213.483 19.640 9.427
PRIORITY ZONE 2 8,56 4.400.626 376.694 180.813
Insular 12,20 555.605 67.784 32.536
Comunidad Valenciana 7,30 1.492.792 108.974 52.307
Murcia 10,60 378.252 40.095 19.245
Barcelona 7,00 1.754.332 122.803 58.946
Tarragona 5,70 219.645 12.520 6.009
PRIORITY ZONE 3 5,73 2.124.350 121.796 58.462
Guadalajara 5,80 64.741 3.755 1.802
Toledo 4,70 185.817 8.733 4.192
Comunidad de Madrid 6,70 1.873.792 125.544 60.261

LR.K

ST OE FREDICCICN ECORORMICA,
CENTROQALES

Converting Demand Side Operation in a Resource of the Transmission System Operation



4. Methodologies PUVS for
evaluation of a disperse and
probabilistic consumer response
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Prospecting, Methodologies PUVS for evaluation

» Statistic Methodologies PUVS for evaluation of a disperse and
probabilistic consumer response;

5 on Consumers operation aid prototype OPCO

Grdfn .Tn:fanéﬂcal-'neme
o Predictability, 8 \ Potenci disponible MW
soloTHP
. e Maximo 197 alaz  3Yhoras
oUncertainty AT = Nnino 46 ais  19hos
L o oo | e 426 e Shorss
O Varl ab I I Ity é /'\ : , CONSUMDA | Minimo 251 alas  19horas
o Sensibility on the network

o For assignment
E e Capability contracts
e Optimise operational orders

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Variability

o Classifying the Type Days of an
industrial consumer In order to
establish the impact of:

o Load reduction capabilities in the
contracts %

And

o Load reduction when reductions
activation has to be to be assigned,
OPCO

Converting Demand Side Operation in a Resource of the Transmission System Operation
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El nivel, la incertidumbre y la variabilidad es muy dependiente del plan de produccién. La composicién de dichos

uncertainty

planes de produccién es fundamental para la valoracion de la respuesta esperada del consumidor.

wariabilidad

(=1

Winter (16 a 22) S r{12 a19) |
. [Forecast's Hour 16 9 |
Participation Level (MW) Error (%) Participation Lewvel (MW) Error (%)
1 18 24 64 14 K 41
E a0 2 19 30 16 26 g2 4
3 12 77 = 8 36 29
Plan 4 27 a0 2 16 72 11
a0 5 17 52 g 24 a0 4
53 7 76 g 1" B9 14
Average 19 57 16 19 70 13
. Bayes ~ Forecast
Bayes ~ Forecast L
" Efecto hora de prevision
30.0%
Bayes ~ Forecast
25.0% i
El error prevision es menor a medida que la hora de 200% | ’ i
realizacion de la prevision estd mas cercana a las horas a ’ 2
prever & 1e0% :
\ .
10.0% 1
G :

| |
5.0% {3

0.0%
Hora de previsidn 15

Converting Demand Side Operation in a Resource of the Transmission System Operation
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predictability

El sistema de previsién identifica los planes de produccién en un periodo inicial del dia.
(En este caso de 6 a 9 de la mafana)

Representative Day

120 4
100 5
a0 5 100
#0q —

T

— Flan§ 40 4

20

. Bayes ~ Forecast Forecast error: 3.7%
1]

. T

2 23:oo58303b88BLEErrE08088888

o I3IIEIES2 3352238338282 85 3

1.2 3 4 5 W 1112 13 14 1§ 18 17 1§ 19 20 21 32 23 M ﬁg838888888888&88&88833833833

HOURS

g

Bayes ~ Forecast

[—Origirlul — Fora:asl]

Se realiza el modelo de previsiéon sobre el plan de produccién teniendo en cuenta el comportamiento histérico y la
informacion del periodo inicial.
La linea verde muestra la prevision a las 9 de la mafiana de cada dia.

Converting Demand Side Operation in a Resource of the Transmission System Operation 26
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Evaluation, Sensibility on the network

300 4

250 4

200 4

MVA

150 4

100 4

50 -

J';,f
ol
Southern line
|
Hours
Grupo 1 |Grupo 2 |Grupo 3
NDias 11 16 10
Participacion 29.7% 43.2% 27.0%
Error 3.5% 3.6% 4.4%
e e
v — SN—
1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13 14‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24
24 Hours

pppppppp

Marginal line criteria

o Classifying the days profile of a
marginal line the one that first
gets into over- load risk

In order to establish the impact of

o Load reduction capabilities on the

contracts
And E

o Load reduction when reductions
activation has to be to be assigned,
OPCO

783 yesForecast

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Evaluation, Sensibility on the network

_ _ Estate 21 14.4% of total hours
Transmission system
states criteria

R

Andalucia. Jul-Dec Period. 2005

1 1 H .." “,. i <
1 multivariate cluster analysis o e A e
to find groups of hours as

homogeneous on level and direction 7

on transmission lines
and
2 discriminating analysis to chose a

subset of lines that detect the states

: MO azaeon l'
7 BayesForecast | -
A

FUERTEVERTURA S =

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Evaluation, Sensibility on the network
Clasificacion de las horas de la primavera segun estados del sistema
Transmission system Cada color supone un grupo de horas homogéneo
states criteria Horas del dia
Espain Jul-Dec Period. 2005 " bras de

primavera

Multivariate cluster on Transmition Sanado

domingo -03-:
lunes

martes

between electric operational zones e

viernes

sabado -03-

H domingo -03-

on spring e

martes -03-

miércoles
jueves

Each color means an homogeneous  jure

domingo -03-
lunes

martes
g ro u p miércoles

jueves
viernes
sabado
domingo -04-
lunes
martes
miércoles
jueves
viernes
sabado
domingo -04-
lunes
martes
miércoles
jueves
viernes

sabado
domingo

Fuente REE, Proyecto EMERGIE, Clasificacién de los estados del
sistema mediante un una clusterizacién multivariante sobre los
flujos netos entre zonas de operacion.

Converting Demand Side Operation in a Resource of the Transmission System Operation 29
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Evaluation, Sensibility on the network

Transmission system
states criteria

Spain Jul-Dec Period. 2005
ESTATE 10 SPRINT LABOUR DAY

EXPORTING TO NEIVERS. High

hydro and wind production

2eriodo DIURND lokorakle de primovera EXPORTAODR TIPO 10

IHPORTALCION: 195 Mw
" FAS FRANCIHIBE
.-r PRAGLF RANLIADY

T LML RALEIG T
GaLk_ LEDITTLY

#401 LE D341

- .'
( ho '. \ L
' ¢ CATA_TRANCIAL- 3TT)
PIOA_PhwAGI- 430
ot LLON-E183)  BRAG_ T4 BT

CATAYALGGE

WAL_NURCr4ix

I _L T e-4EEY WAL_AWIOP-1430

WLE_ANOORY-264y

RHODR_ &HIOCEE- 410

ANDOCE BERPLEGDECIS
POtennn drsraportodn A1

— —  Er trocepocie

(A ——— 5B (rfS Mo de Geen &0 dewn B
A_B (285 Flyn o8 drea E a0 drea &

llustracion 1: Estado de lared tipo 10 - Diurno laborable de primavera exportador

Fuente REE, Proyecto EMERGIE, Clasificacién de los estados del
sistema mediante un una clusterizacién multivariante sobre los
flujos netos entre zonas de operacion.
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Evaluation, Sensibility on the network

Consumo en la

red de

o ., Conexién con transporte
distribucion M4 (lectura salida): Sensibilidad 0,87 MW
M5 (lectura entrada): Sensibilidad 0,86 MW

M3: Evacuacion distribucion local

Sensibilidad 0,12 MW M6: Alimentacion desde nuclear
Sensibilidad 0,38 MW

M2: Consumo en antena
Variacion de 1 MW

ML M2 | . M7
0 Km
| I | |
0,15km —
————— -- = =
Cl SE SE M7: Evacuacion resto mercado
= Sensibilidad 0,50 MW

Converting Demand Side Operation in a Resource of the Transmission System Operation
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flexible interruption system

Gestion flexible de la interrumpibilidad, GFI

o Los consumidores envian a REE informacién de consumo en tiempo real,
Real time consumption (active and reactive) information to TSO: 1 minute period from the 3,000 MW
larger consumers.

o Previsiones de consumo, Continuous consumption programs information to Red Eléctrica.

Centro de Control Eléctrico de Red Eléctrica (CECOEL)

Converting Demand Side Operation in a Resource of the Transmission System Operation
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flexible interruption system

1 El consumidor envia Ejemplo deMéaximo
permanentemente a Red Eléctrica su perfil de consumo permitido
Demanda real en la orden inicial por Red

Eléctrica

2 El consumidor envia

permanentemente su Demanda g

prevista y capacidad de Periodo de 4 Ejemplo de
compensacion de reactiva interrupcion Maximo de

consumo

permitido en una
orden modificada,
al menos con una
t S hora de

3 antelacion por
REE

P contratada

P max. 50%

; Maximo de
. consumo
—— permitido en la
orden con
sustitucion por
entrega de
reactiva

P max. contratada

Preaviso de Red{(éctrica

Potencia

2 horas 12 horas Tiemno

Converting Demand Side Operation in a Resource of the Transmission System Operation [l
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Communication and control REE-Consumers

a Private virtual internet network
o Star topology, Fixt IP
o Permanent communication, automatic information on the communication failure

o ADSL RSl access trough ETHERNT interface

INPORTACION: 195 M
" Fag_FRANCIIRE:
/ PRAEF RRNCIAY

o Minimum access speed
o Consumer REE 256 Kbps
o REE Consumer 512 Kbps.

LED, NAMCHATR- A

35
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*The response used to be 80%
than expected

*The procedure was
unnecessarily harmful for
industrial processes

e|nstructions communication
system failure

RED ELECTRICA DE ESPANA

nsumers

THP consumer’s response
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=} Respuesta de los consumidores interrumpible con tarifa THP a una orden de interrupcion el xxx

Fuente REE, Proyecto EMERGIE, OPCO Prototipo de ayuda a la OPeracion de COnsumos.

Converting Demand Side Operation in a Resource of the Transmission System Operation
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drsade grifce |
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ORCO Interrupclén Prevista en consumidores THR Dia Tsspld Tips ®

Orden  A¥abisicamente
Macional mfarrme B
Potencia disponible MW salaTHP

Masimo 168 alis 18 hords
Minmin 150 Alar 4 homs

Estirrida total interrumpstiles (M)
Minimo 363 ales 10 horas
Minsmo 343 alis 9 horat

Pomax 118 M
LABORABLE

Urdenae | S|

nsumers

P max 1,15 MW
LABORABLE

Urdenar Altab&ticaments j
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Consumidor 3

Consumidor 4

Consumidor 5
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OPCO assignment process and algorithms

*The Contribution of each consumer in the portfolio is evaluated by a benefit function

Buretito scon por aricaion el El beneficio generado por un consummbgfg@pat,on on the summer labour days
% varios planes de producciGh™
o] valor esperado si a la hora (¢ jimterrmmy
m _ conoce su plan de produccién.
| memmcewscent|  Ejemplo: Sia la hora de ej&ctitér la interrupcion
o camwes | S@ conoce el plan el valor esperado es la linea azu
%) pero si se conoce el plan y se.®
" valor presente sea mayor al fetefo se tiene la linea
© Bayes 7 Forecast roja que tiene una una posible gamancia atiCioNal 1o 1 2 15 1 15 16 17 15 10 20 21 22 25 24
superior a 20MW.

wariabilidad

o - - -
R R e O T I RO

Himeun Intestupcianes del sistema e

El beneficio generado por el plan

con menos incertidumbre es mayor

a medida que se quiere estar mas -
seguro del aportacion al sistema

Ganancia
Fanor incertidumbes

§ wo

Ejemplo: La ganancia de interrumpirel .
plan menos incierto frente al incierto es
mayor a medida que el coste de caida

x:: del sistema es mayor. La ganancia es Bayes " Forecast

P gt la zona sombreada. L

Bayes~ Forecast

nnnnnnnnnnnnnnnnnnnnnn

Converting Demand Side Operation in a Resource of the Transmission System Operation
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nsumers operation aid prototype

assignment process and algorithms

The Contribution of each consumer in the portfolio is evaluated by
sits average level of expected response on each production plan
sUncertainty

sLocation in relation on the network sensibility

*Functional form on the lose function

eScarcity of available DSO resources

Bayes ~ Forecast

Converting Demand Side Operation in a Resource of the Transmission System Operation
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OPCO

assignment process and algorithms

Objetivo: Asignar a un conjunto de consumidores unos niveles de interrupcién,

optimizando los contratos con criterios a largo y corto plazo

< Un afio Bayes ~ Forecast
k|=1 k|:2 k|:3 k|:4 k=l|<-1 k|:K |
hilhz'h* : o — - =4 | h':H
onjunto 1
individuo i
subconjunto 1™
Bayes ~ Forecast

En la hora h* se debe hacer frente a
una interrupcion con unas necesidades
de potencia L1 con unatipologia T1.

Después de la hora h* se tiene que
hacer frente a K-1 interrupciones con
unas necesidades de potencia Lk y
con unatipologia Tk.

Se tiene | individuos con nhi horas de
interrupcion cada uno

Cada hora de interrupciéon tiene una
ganancia gi que es funcién de la
potencia consumida natural (PCN), del
PMax y de Ila tipologia de Ila
interrupcion.

Converting Demand Side Operation in a Resource of the Transmission System Operation
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assignment process and algorithms

Loss functions
e Direct loss

When the DSO contributions are lower than the needs
 Indirect loss

When the DSO contributions became scarce than the needs

Obijective

Assign the group of DSO response that minimize direct and indirect losses

Bayes ~ Forecast

Converting Demand Side Operation in a Resource of the Transmission System Operation
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Converting Demand Side Operation in an accurate tool
for the Transmission System Operator

On the R & D project EMERGIE, REE is developing
o DSO priorities,
o Evaluation methodologies,
o technical tools prototypes and feasibility analysis
The scope of EMERGIE
1. Develop DSO offer opportunities and tools

2. Evaluate alternative for DSO trade
3. DSO insertion on the system planning

Converting Demand Side Operation in a Resource of the Transmission System Operation 5
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Converting Demand Side Operation in an accurate tool
for the Transmission System Operator

Y

Bilateral collaboration

o REE valuate highly the exchange of ideas with operators, participants in the
market, researchers, ESCOS and regulators

o WWW ree.es
o carmenrodri@ree.es

Tank you

Converting Demand Side Operation in a Resource of the Transmission System Operation 3
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