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ABSTRACT

This work is aimed at studying the profitability of
Household DSM which is a Demand Response (DR)
solution aiming at providing power margins to thenn
automatic Balancing Market (BM) by load-shedding of
domestic electric heaters. After a large literatusyiew
aiming at better understanding the balancing market
context in Europe, a deterministic model has bggsiied

on the Swedish case in the 2020 timeframe, corisglas
well the involvement of Electric Vehicles (EVskifidity
margins. It finally shows that due to investmenstso
distributed in each household, such solution isfaasible

in short-term in locations which are not sufferirzg
significant shortfall risk.

INTRODUCTION

The feasibility of demand flexibility for grid opation is
investigated in several locations in Europe. Thinrdever
being the connection to the grid of large amounharf-
dispatchable renewable energies.
(Voltalis, etc. ) are already offering such DR siolnos
commercially, but their profitability is not realtjear yet.
This work is aimed at analysis these business mpblated

on domestic heaters load-shedding, in the Swedish
framework.

MODEL

The model developed to access the profitability of
Household DSM is a deterministic model consideasgse
case the Swedish ten past years Balancing Markd) (B
data, the real location of Swedish private housihlotated
by electrical convectors and the Electric Vehittésative
(EVI) assumptions for EVs deployment in Sweden @3@

[6].
Hourly Household DSM potential Calculation

The hourly Household DSM potential has been asstoyed
considering on the one side a theoretical uniqueséioold
thermal behaviour, having the following charactits
= 160 WI/°C/household, the global household
temperature losses coefficient.
= 160hr, the household time constant.
Prax= 6kW, the mean heating potential per household.
Pooost= 9kW, the heating system’s maximal power, only
deployed in situation of too low temperature corepar
with the reference temperature, and only out otdrea
load-shedding period (&oostcoefficient in fig. 3).
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These data has been based on Swedish studies fféim K
and Energimyndigheten (calculation methodology
developed in [1]).

On the other side, the method considers the haurtgide
temperature of Southern Sweden (Malmd), which
correspond to the area where flexibility marging ar
required first and two different inside temperatprefiles
displayed in fig. 1.
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Figure 1: Inside daily & profiles (in °C)

Household DSM could provide up to 1.400MW of masgin
in Sweden (240.000 hous. x 6kW/hous.), comparepto u
balancing volume of 360MW activated on averagedthr
more per day.

Hourly EVs potential Calculation

The model assumes only margins coming from EVs-load
shifting but no battery discharging strategies sisach
solutions have a non-null marginal cost to dueebigts

Some companies ageing. Then the hourly load-shifting potentialaculated

as presented in fig. 2.
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Figure 2: EVs load-shedding potential calculation
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It assumes five different load profiles, based @ t
different papers [2] [3], a mean commuting distanfe
33.2km/day and a thermal dependency according to
manufacturers’ data (Nissan Leaf and Volvo C30)thBo
commuting journeys and load profiles are appliecere
days a week, disregarding working day or week-enghrt.
According to EVI assumptions for 2020, it has been
assumed several different EVs penetration rates Gap

to 600.000 vehicles in Sweden.

In the case of EV's shedding, the load is postpdoedne
hour and caught up equally during the three nextrdio
Moreover, a maximum power withdrawal limit is sEhe
volume exceeding this limit is postponed by onerhdfu
this limit is reached four hours in a row, the diad
potential of the fifth hour is cancelled to limitet loading
delay.
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Household DSM sales strategies

The models studies three different sales strategies

- Capacity marketassumes the sale of Household DSM
volumes on an hourly both energy and capacity niaike
direct competition with EVs margins.

- Effektreserveassumes the sale of a base-load on a winter
peak reserve market. This emergency market, wiveady
exists in Sweden, is paid at a fix capacity priog @ao
activation of Household DSM volume has been asswmned
it since this one is activated less than 10hr a.y&ay
bidding of household volume on this market implies
potentially start of forced heating into househobds
guarantee a contractual shedding capacity avaiaihieper
day during this winter four months long contracheT
household volumes left, in or out of the peak-lozatket
period are sold on the hourly energy market, witrany
capacity price and again in direct competition viiis as
above.

- Joint-biddingassumes merging of EVs and Household
DSM capacity to bid larger volume on the peak-loedket
and so use EVs potential instead of forced heatingng
period of lack of electrical convectors turned-BNs and
household volumes left are sold again on the hamrgrgy
market.

These two last scenarios are runnable now in Sweden

the maximum limit not to exceed for overheatingcdise of
overheating, the dwellers are paid back for thateahl
costs incurred. Then the sales depend on a metdr or
selection giving priority to EVs margins and if ded
Household DSM volume allocation for the peak-load
market. Regarding overheating situations, the hHualds
are split into two groups, so that only half of treaters are
activated during each hour of overheating. Eachsdbald
DSM sale is finally supplied by a reduction of timean
hourly power value fed into the heaters: [; Pya] during
load-shedding periods. P = 0 g.RPotherwise.

The net income assumed for both EVs and Househsl D
is the product (balancing price — spot price)*voiyiso that
the retailers are paid back for the power they hougit
which has not been used by their customers.

DSM Operation costs

Three DSM costs scenarios have been assumed {tgble
based on current data (Sc “2010") [4], and assumpti
from 2020 (Sc “2020” and “50% 2020").

The operation costs of EVs have been assumed §s nul
considering that EVs load-shifting will be based on

whereas there is only an hourly energy market amd n

capacity market existing at the moment.

DSM potential & sales calculation

The main model displayed in fig.3 is based on gokm

process. First the hourly heaters normal load finelé

depending on the temperaturgg (fig 1), Tin, Tout, Tmin the

facilities already deployed for global EVs load
management.

Table 1: investment & operation costs for Hous. DSM
Cost assumptiony1€ =9.0SEK) | 50% 2020 2020 2010
Hardware costs 75€ 150€ 290€
Installation costs 60€ 120€ 120€
Telecom + customers deal costs ~ 4.5+5€/a. 9+10€/a8+10E/a.
Contract & devices lifetime 6 years
Consumers acquisition cost Neglected
Final cost (in k€/MW/a) 5.33 10.67 16.06
Final cost (in €/hous./a) 32 65 96

minimum limit for load-shedding for BM purposes ahy

Select scenario, Determination of normal hourly load per group:

Determination of the hourly Household DSM potential:
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Figure 3: Model flowchart for the Effektreserverdgnint bidding contexts
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RESULTS

Basic Profitability of Household DSM

The three sales strategies studied lead to a wialgsis of
the market opportunities in Sweden and in othentraes
having the same characteristics regarding heayisigs,
energy mix and power system configuration.

The first output is a specific case regarding tlapacity
Market scenario which does not assume a paying bfck
the volume sold to the retail¢DSM;,come = BM price *
DSMq instead 0fDSMiycome = (BM price — Spot price) *
DSM9). With such billing method, which should stay
applied in France up to 2015, the solution is toeighly
profitable, since the aggregator does not buy theep
before selling it (“France” plot, null capacity ps)).
Considering now a conventional market, fig. 4 shaivet
Household DSM is not profitable with a 2020 cost
assumption and a capacity price lower than 2.2€/MWh
whereas the mean capacity price paid on the pesve
market is of only 2.4€/MWh (market price range:

[2 ; 3.8€/MWHh]). So by looking at this really lovapacity
price applied on the reserve market, it can beghbthat
there is no need at middle-term to commission aciap
market above this price on the Swedish hourly BM.

I LWILH UVETHEGUITIE O IVIBHL CUUIHIE-UI )~ AVEIGES T IVIGA ZUUJ-£ULL SWEUEH

mFrance

m Capacity Market 2.2€

= Capacity Market 0€

WEV (BM), DSM(ER+BM) 5.5€

WEV (BM), DSM(ER+BM) 4.4€

SEV (BM), DSM(ER+BM) 3.3€

HEV (BM), DSM(ER+BM) 2.2€

T ER+BM: Effektreserven strategy
[ ‘ I BM: Capacity Market strategy 0€
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Figure 4: Mean profitability output of different miet
contexts. Average + Max value 05-11 (Hous. DSM with

night cooling-off and overheating)
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Figure 5: Mean annual income of Hous. DSM with the
Capacity market & Effektreversen sales strategies —
Sweden 05-11 (Hous. DSM with night cooling-off and
overheating)
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Household DSM on peak reserve markets

An involvement on the peak reserve market could
contribute to increase the income in Household DSM,

thanks to the annual fix capacity price paid. Despver
operation costs due to forced overheating of thusélolds,
this market stays more profitable than the curtentrly
market, and would lead to bigger Household DSM rinarg
as seen in fig. 5.

Cooperation opportunities with EVs flexibility

An interesting output of the model is that, where¥s and
Household DSM are competitors on the hourly matiat)
solutions can finally benefit from each other amsas they
get involved on the peak reserve market. This éstduheir
natural load curves, whose respective peak loads ha
time off-set (fig. 6).

(1) Mean hourly DSM potential per household (DSMtot, DSMmin) = (450,150) (in MW)

4001
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(2) Mean winter hourly EV's potential - 135.000 EVs, load profile TH-asfap (in MW)
T T T T
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(3) Mean hourly Up Balancing needs in winter for Sweden 2005-2011 (in MW)
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Figure 6: Mean hourly Hous. DSM (1) and EVs (2)
potential compared to the hourly balancing needs (3
(max, average, min value — Sweden 05-11).

Up volumesin MW  Mean Power (in MW) Mean Power (in MW)

Consequently the sum of the total volume lead traniee
a larger minimum power withdrawal 24hr a day inecaf
margins merging and so bid larger join-bids on pibak
reserve market. Moreover, joint-bidding leads tarep
household overheating costs by using EVs margsteaal,
whereas it should have been quite constrainingefés
aggregators to guaranty a minimum load 24hr aidags$e
of self-bidding. Fig. Bhows the additional value of joint-
bidding on the total annual income of Household D&id
EVs.

Impact of Hous. DSM + EVs join-bidding on annual sales, compared to a split-bidding strategy.

T T T T T T
Optimized Hous. DSM capacity 800MW, | —=— 135.000 EVs
o Cap. Price: 3.3¢/MWh | . 600,000 EVs
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Figure 7: Impact of Hous. DSM + EVs joint-bidding on
mean annual sales, compared to split-bidding witb t
EVs penetration rates — Sweden 05-11. (Hous. DSM wi
night cooling-off and overheating).



I "#$

The peak reserve market to secure investments

More so than the value provided by the capacitgepran
involvement on the peak reserve market is intergs$tr its
associated fixed annual income. This leads to sethe
DSM investments whereas the hourly BM is much more
instable from one year to the other. Fig. 6 displéye
instability: the hourly (BM price - Spot price) thfences
which provides the DR net incomes can vary a lot
depending on the year.

Figure 6: Displaying of the hourly (BM price — Spot
price) depending on the hourly BM and Spot volustédd
for the years 2003 and 2010 in Sweden

Impact of DR on the annual energy consumption

One risk with changing residential load curve®ispact
the household behaviour and thereby changing patignt
the energy bill in the wrong direction. The simidas
finally show that neither night-cooling off, heatdpad-
shedding or overheating significantly impact thergy bill.
This is largely due to the good mean thermal charistics
of the Swedish households:

- the activation of overheating for DR purposes
increases the annual consumption by around 1%ighd
cooling-off context and have no impact without riigh
cooling-off.

- a night cooling-off of 1°C or more reduces thewaal
consumption by only 1.5% (with= 160hr).

- the load-shedding event reduces the annual
consumption from -1% to -2% without overheating brsd
than -0.5% with overheating.

Finally any combination of heating strategies letan
annual energy variation within a range [-2%; +1%dth
Effektreservenand Capacity Market sales strategies),
compared to a reference case without load-shedaiittper
night-cooling off or overheating. These results foors
several studies, including the one of King and Bsjy5],
claiming that any potential energy conservationeobsd
after DR facilities commissioning is due to theaxsated
consumption monitoring provided to the dwellers and
due to the shedding events.

On the contrary, any heating strategies leadimgdace or
increase the heating period impacts in a signifieay the
balancing volume sales and thereby the annual iacom
Night cooling-off commissioning can reduce the voél
sales by around 20%, leading to potential inconmatian

up to 50%, regardless an overheating context or not

% & P HS

(2]

CONCLUSION

The analysis of the Swedish power consumers mattiésin
work shows that Household DSM holds a potentiatigd)
position among the low voltage DR solutions in Sered
This is mainly due to its availability in wintertmnsparent
impact on end-users energy consumptions and aedduc
competition from office & apartment buildings.

However, it seems that the value of DR on the @qmgd
market mainly comes from grid weaknesses, and sb su
solutions are not profitable enough in Sweden.

The comparison made during this work with the Fhnesnad
German BM contexts confirms this assumption: tfecséd
TSOs are willing to commission an hourly capacigrket

to guaranty power flexibility supplying in theseurtries,
whereas the Swedish TSO does not plan it. So,&@thBR
appears suitable in Sweden, the emergence of aetrark
unlikely.

Finally, the main short-term solution to promotetidehold
DSM should be to work on the operation cost side, b
trying to reach total costs around 55€/househoétiye
thanks to an updating of the already deployedifes) like
household smart-meters. Such price level shouldl tea
profitability of ca. 13%, with th&ffektreserveror Joint-
biddingsales strategies, whereas Germain [4] assumes cost
for 2010 between 95 and 120€/household/year, whitae
costs for consumer acquisition are included or not.

The last model’s output to recall here is that, ighs EVs
and Household DSM are competitors on the hourhketar
the both solutions can actually benefit of eaclkeoés soon
as they get involved on a peak reserve market.
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