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ABSTRACT 

In this paper, the authors start by introducing and 

explaining the concept behind the market business model 

which was developed and tested during SENSIBLE 

project. This use case is based on three main pillars: 

forecasts, distribution system operator tools and retailer 

requests. The aim of this use case was to define a possible 

framework and validate its technical feasibility in a real 

environment.    

INTRODUCTION  

During the last years, we have been witnessing a 

structural change in the electrical energy system. 

Although the final product in its basis is the same, 

electricity, the way it has been produced and consumed 

has been having fundamental changes. There are several 

drivers for this change, one of them are the low prices of 

photovoltaic generators, which enable the final costumer 

to produce part of his own energy. Moreover, the need 

for diminishing CO2 emissions leads to the replacement 

of conventional sources of energy with intermittent 

renewable energy technologies. Due to its intermittency, 

the paradigm has changed: now the load follows the 

production, whereas in the past the production followed 

the energy consumption needs. 

This paper will describe a demand side management use 

case and present the results from its real-life 

demonstration during SENSIBLE Project1. This project 

has a demonstrator site in Valverde, a rural area close to 

Évora, Portugal.  

The demonstrator aims to test different kinds of storage 

solutions distributed throughout the electrical grid and to 

manage the electricity consumption given the available 

PV production and storage capacity. Approximately 230 

clients are connected to two secondary substations owned 

by the Distribution System Operator (DSO). From this 

group, there are 25 low voltage clients with a leading role 

                                                           

1 H2020-LCE 08-14-Storage-Enabled Sustainable 

Energy Supply for Buildings and Communities 

in this demonstrator.  

The use case, which mobilizes clientôs flexibility, has two 

complementary goals which benefit the retailer and the 

grid. The retailer could also be regarded has an 

aggregator of these 25 clients, without any loss of 

meaning. Under the scope of the first goal, the retailer 

will optimize its bids in the day-ahead market taking the: 

clientsô consumption, their flexibility and the PV 

production forecasts into consideration. On the other 

hand, the DSO will do a technical validation of the 

retailerôs requests for clientsô flexibility . Then, during the 

day, in an intra-day market, the DSO will monitor the 

grid and will request clientôs flexibility when needed. 

Whereas, the retailer will be able to ask clients to manage 

their consumption and production to minimize the 

differences between the amount of energy that was 

bought, by the retailer, and their present consumption.    

 

USE CASE TOOLS 

Forecasts 

Clientôs consumption 

The tool provides forecasts for the electric and heating 

demand for individual consumers. It uses as inputs: 

- Weather forecasts 

- Historical measurements 

and produces probabilistic forecasts of the two 

parameters. The tool makes use of machine learning and 

is able to capture the behaviour of the system (in this 

case, the electric and heating demand of the building) 

considering only the measurements. The availability of 

further parameters can help to improve the precision of 

the forecast and speed up the learning process. The time 

horizon can range between 15 minutes to 48 hours and 

the update rate is of 1 hour. Both parameters are 

customizable. The tool is based on a spline regression 

algorithm, chosen in this case for its robustness. It is 

possible to write the effect of the load ώ at instant ὸ as 

the sum of functions ὪȟȣȟὪ associated with exogenous 
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variables ὼȟȣȟὼ  and a random noise  

ώ  Ὢ ὼ  Ȣ 

With this approach, it is supposed that each exogenous 

variable influence the load independently. It is then 

necessary to find what the functions ὪȟȣȟὪ, 

approximated as splines. The training is carried out 

thanks to the use of historical data and a 3rd order 

polynomial is fit to the dataset. Data used as input for 

each time step are: 

- The load measured 24h before, in order to capture 

daily trends 

- The median load of the previous week, in order to 

capture weekly trends 

- Forecast temperature 

The performance of the model is reported in Figure 1, in 

terms of Symmetric mean absolute percentage error 

(SMAPE) and Normalised root-mean-square error 

(NRMSE). 

 
Figure 1. Electric demand forecast, errors and 

comparison with the persistence (in black) 

PV Production 

The PV production forecast tool is very similar to the 

heating and electric demand forecast tool. It is able to 

capture the effect of solar trajectory, shadowing by local 

obstacles, inclination and orientation and the effect of 

weather forecasts. Modelôs data are estimated using the 

most recent data. This solution provided better results, 

especially for lower forecast horizon at the price of 

increasing the computational burden. 

The chosen statistical model is a non-parametric model 

which has been considered in estimating the whole power 

distribution at once. It is based on a kernel density 

estimator (KDE) and can be written as: 

ώ
ρ

ὲὬ
ὑ
ὼ ὼȟ
Ὤ

 

Where K is the kernel function and h a smoothing 

parameter. 

The exogenous variables chosen for this model are: 

- The historical production of the PV plant 

- The predicted irradiance at instant t for the location 

of the PV plant 

The performance of the model is reported in Figure 2, in 

terms of Normalised Mean Average Error (NMAE) and 

Normalised root-mean-square error (NRMSE). 

 

 
Figure 2. PV production forecast, errors and 

comparison with the persistence (in red) and the 

global average (in yellow) 

Clientôs flexibility ï amount and price 

Flexibility forecasts are provided for each client and 

group of clients in order to quantify the flexibility that 

can be offered on the market or to the DSO for solving 

network problems. It is composed of six time series for 

forecast horizons from 12 to 36 hours and with a time 

step of 15 minutes. The six time series are: 

- Maximum allowable power in charge [kW] 

- Maximum allowable power in discharge [kW] 

- Maximum allowable energy in charge [kWh] 

- Maximum allowable energy in discharge [kWh] 

- Cost of discharge [ú/kW] 

- Cost of charge [ú/kW] 

Maximum charge and discharge power are calculated 

considering devices (batteries and electric water heaters) 

rated power and the PV and electric demand forecasts 

described above. This is necessary since due to 

household contracted power, the available flexibility 

depends also on the effective net load. Maximum 

charging and discharging energy are calculated by taking 

into account the actual storage capacity of each device 

and its expected usage profile. This is particularly 

important for electric water heaters, where hot water 

consumption modifies the storage capacity. Finally, the 

cost of charge and discharge is an average value taking 

into account flexible devices efficiency, losses and aging. 

This is particularly important in batteries which have a, 

high and highly nonlinear aging cost depending on 

operating temperature and depth of discharge. 

 

DSO Tools Validation 

In this context, it is the role of the DSO to perform a 

technical validation of the market plan for the day-ahead 

defined by the retailer concerning the flexibility of his 

clients. For this purpose, the DSO will use the LV 

optimization tool. This tool aims at optimizing the 

operation of the LV network making use of the available 
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