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ABSTRACT

Future power grids need to be flexible on the demand
side to develop a credible energy policy, and in
particular the integration of renewable. This objective
will need a more active consumer. The demonstration of
customer capabilities is an important challenge for small
and medium-sized segments, since their potential
(contribution to load curve) is undoubtedly of interest.
REDYD-2050 (http://www.redyd2050-der.eu/) is a
research network funded by Spanish Government (2015-
17) that integrates seven groups that develop research in
key technologies to achieve an integral development of
Demand Response (DR). This article presents the
objectives of the network, including integrating
technologies and proposing innovative solutions to DR
concerns such as: modelling and aggregation;
Automation; Application of ICT; Implementation in
markets; Price and consumption forecasts, or monitoring
and verification.

INTRODUCTION

The purpose of REDYD-2050 is to exchange knowledge
and experiences that will support the development and
deployment of Demand Response (DR) in power
systems, while demonstrating the DR's technical capacity
face to the more "conventional" supply-side resources.
The principle of equality in capabilities must be
demonstrated and verified for DR (for example, it has
been established in US regulations, see [1]), and this
issue needs the development of new methodologies and
proposals. The so-called "Energy Union" is one of the
thematic priorities for the European Commission (EC),
where DR could play a key role in energy policy. EC
states (see the Energy Market Framework Strategy report
to European Parliament, [2]) that the future electricity
market should have at its core an active consumer taking
advantage of new Technology to reduce their costs, and
allowing that customer fully participate in the energy
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transition. From the economic point of view, the Energy
Commissioner stated [3] that "... the business case for
more active participation of demand is clear - demand
side response alone could save our economy up to 100
Billion Euro per year .. ". Small and medium users
account for more than 50% of consumption, so their
contribution to this savings is of high economic interest,
and they need a demonstration and in-depth exploration
of their possibilities. The situation in other countries is
similar. In the USA the response is low but the potential,
if developed, can be high (i.e., around 60% of peak
reduction can be achievable from the participation of
small segments, see [4]). To help answer what remains to
be done with DR, working groups were formed by DoE
and FERC in four areas [4]: Cost effectiveness;
Measurement and verification; Program design and
implementation and Tools and methods. The rest of this
paper is devoted to show REDYD-2050 contributions and
future development in some of these areas.

RESEARCH AREAS OF INTEREST

Exploiting DR resources in small customer segments has
three major advantages: different kinds of capability and
availability; geographical distribution of the resource and
reliability (a large amount of resources with similar
potentials). However, it has serious drawbacks: how to
select resources (identification of demand patterns,
monitoring and segmentation of demand), how to validate
the flexibility and the response of those resources
(modeling and control of loads), the conversion of the
consumer into "prosumer" (prediction of demand and
generation, and their management), how to inform and, at
the same time, guarantee the security of that information
(education, cyber-security), how to add demand enabling
the performance of aggregators (and CSP, BRP or LSE)
and, finally, the improvement of DR cost-effectiveness
(response  optimization, ICT management, price
prediction, eMKT market Synergies with energy
efficiency, ...). Due to the aforesaid arguments, DR
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"problem" is so complex that it is impossible at the
Department or Institute levels achieve an optimal
resolution. This makes necessary the collaboration of a
network of experts in several of these fields, in a way that
allows the ensemble to be competitive at international
level. Figure 1 shows the "specialties" and synergies
expected to be jointly developed by the seven groups that
integrate REDYD-2050.
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Figure 1. Interrelation and interaction amongst different actors in DR
according to REDYD’s points of view.

THE PARTICIPATION OF ACTIVE
CUSTOMERS IN ELECTRICTY MARKETS

Pros and cons of Residential DR

The situation of markets shows that small customers need
some additional feedback: awareness of their contribution
to system sustainability, understandable information from
smart meters or increased revenue from markets. With
respect to this last remark, the information from markets
(see fig. 2) points out that present revenue is mainly due
to capacity options, but the role of elasticity of demand
ought be enhanced in future scenarios.
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Figure 2. PJM Revenue for Economic and Load Management DR
Markets. Adapted from [5] (2016 as of 11/2016).

The possibility of increasing customer revenue arises as a
way to reduce the incertitude with respect to new
investments due to DR and, in this way, enhance energy
and flexibility of demand. This could be achieved with
the participation of customers in complex DR products
(i.e., policies for both Energy and AS Markets).
Moreover, DR policies for these markets can share ICT
and modelling methodologies. As in other markets, the
participation of the customer needs a minimum level of
demand flexibility (usually, some hundred of kW). This
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is an important barrier for customer engagement, i.e., this
participation needs to perform an aggregation of
elemental demands. Moreover, the customer/aggregator
requires an easy methodology to build and evaluate
energy and cost curves, and estimate achievable revenue
through DR and Energy Efficiency (EE).

Modelling and Aggregation

The diversity in the approaches for these research areas
deals both with the elemental load model and the
aggregation processes. With respect to elemental models,
REDYD option is Physically-Based Load Models
(PBLM) which involves the development of RC networks
which characterize sub-models, representing energy
flows between an appliance, the dwelling where the load
renders the service and the environment. The overall
model has several components (sub-models):

- Dwelling/environment sub-models (see figure 3a), i.e.
models that represents heat losses, through walls (ha, aw),
the floor (arg), windows (ag); as well as heat gains, solar
radiation (Hsy), internal gains due to inhabitants/residents
(Hy) or appliances (Ha.) running inside the dwelling (i.e.
lighting, TV). The model takes into account heat storage
from the specific heat of walls (C,) and air mass (C,) (or
roof/ground (C,,) if necessary).

- The state variables that usually are temperatures:
Internal/indoor (X), walls (Xw) and roof/ground (Xrg).

- System inputs: external temperature (Xex) and heat
sources: load conversion (Hcn), heat gains by radiation
(Hsw, Hy) or the work of other loads (H,).
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Figure 3. a) Dwelling sub-models and its environment; b) Appliance
energy conversion for TES loads

Another model is the energy conversion into the
appliance, i.e. electric power is converted to heat (space
heating), “cold” (air conditioning), or hot water (WH).
This is represented in fig. 3b by a current source (Hep).
And finally, there are one or several control mechanisms
which decide if the load demands more or less power, i.e.
a thermostat in some loads (these are m(t) and g(t) in
figure 4, driven by X(t), the indoor temperature and Xc(t)
the temperature of storage materials: bricks, ice,...).

With respect to the aggregation processes, they involve
selecting loads with similar characteristics to achieve a
minimum level of response (100kW). Right now, the first
alternative for the evaluation of aggregation is to write
and solve equations for each load modeled in figures 3
and 4. Then, it is computed an average power for the
aggregated load (through Monte Carlo simulation). This
procedure needs the simulation of large numbers of loads
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(200-1000) and a lot of computation time (around 1-2h).
This procedure is feasible for DR in Energy Markets but
not for AS markets, where the time for load response is in
the range of minutes. Here, REDYD proposal is to reduce
the complexity of the models (while balancing precision
requirements) is to use representative loads (average)
whose probability density function is associated to
stochastic partial differential equations. This can be
obtained by Fokker-Planck equations (see [6]) in a
shorter time (10-20 seconds or less). Figure 4 shows an
example about the possibilities of these models which are
to be detailed in a CIRED companion paper.
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Figure 4. a) Heat flows resulting from the elemental model; b) State
variables (temperatures); ¢) Aggregated response (Monte-Carlo) for DR
price-response; d) Aggregated response (Fokker-Planck) for AS.
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Feedback from Smart Meters (SM)

The verification of load response is another important
concern. At present, the capabilities of SM are under-
used. The customer should receive more information
from SM to manage and take decisions with respect to
DR&EE. Likewise, the aggregator should use this
information to verify and certify the response. The
proposal of REDYD is to use Non Intrusive Load
Monitoring (NIALM) methodologies to reduce the
implementation costs of DR while take profit from
capabilities of existing resources (SM). NIALM
approaches can be classified in micro and macro-scale
[7]. Macro-scale option is compatible with the
information supplied by SM without additional devices.
Hidden-Markov Chains are very popular methods in the
literature [7] because they have a good performance and
allow to extract patterns of elemental loads. Perhaps their
main problem arises when loads are changing in patterns
due to DR. To overcome this obstacle, Integral
Transforms arise as an alternative to disaggregate typical
DR loads (HVAC, WH) [7]. These patterns can be used
both for verifying load response and to fit parameters of
the elemental models described in the last section.

Economic models for DR&EE

It is necessary, in order to fully describe the offers
resulting from DR&EE the evaluation of the involved
costs and revenues, before the price for these offers can
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be set up. The value of each kW package (€/kW-year) to
be offered (in this example, for capacity markets), can be
obtained by the equation:

Offer =KCA+ IC*cic+Z(ICTk *citc, ) — INC+ AGG *Iifej - (1)
k

life
—(Z(ENER * price,) + AIC + OM * Iife] __
P PWR *cmyears

where the coefficients are explained in table 1

TABLE I: Coefficients for the economic model (1)

Short name | Description

CA Initial (capital) costs

IC, AIC installing and avoiding installing costs

ICT ICT costs

cic Installing coefficient (% attributable to DR)
OM Operating and Maintenance

PWR, ENER | Change in power or energy due to DR&EE
INC Incentives, subsidies

AGG Aggregator costs

life Lifespan of DR or EE action

price Energy price

cmyears Operational lifetime of policy in market

Figure 5 shows the evaluation of these offers according to
some of the parameters considered in (1). Power is
computed with the previously described models.
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Figure 5. Offers' elasticity due to "cmyears" parameter; a) revenues
during all the lifetime of EE policy; b) Revenues during 5 years

As seen on fig 5, the value of these offers and their
effectiveness depends during its lifetime on the behaviour
of markets price. In this way, and to avoid further
problems, it is necessary to considerer problems such are
price forecasting and market's volatility. The team of
REDYD-2050 has developed some tools to perform
energy price-forecasting based on non-parametric
estimation and neural networks [8]. The study of
volatility and market dependencies has been performed
through the so-called permutation entropy [9]. This
method allows to deal with the seasonal component of the
price series before the analysis, improving the capability
of the method for the detection of changes in dependence
levels along time through the filtering of seasonal
patterns in prices (for instance, daily, weekly).
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CONCLUSIONS

Consumer participation in electricity networks is of
growing interest in the EU. The complexity of the
problem makes it necessary to share and discuss
experiences between researchers from different academic
disciplines, consumers and, in general, agents and
operators of networks and markets. The sharing of
experiences within the framework of REDYD-2050
platform, and its dissemination, can contribute to
improvements in the operation and planning of our
systems. This paper presents different methodologies and
tools to develop a model for the effective engagement of
customers and aggregators (and other agents) in DR.
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