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time of day, and, �nally, the price was established. For the 
Olympic Peninsula, the data sensitivity of the price signal is 
illustrated by the step response function shown in Figure 6. 
Assuming a positive step change in price takes place at hour 0, 
we notice that consumption drops almost immediately, but 
after a few hours consumption is back where it started. This 
forecast model is used to establish a control system for �nd-
ing the optimal price signal, with the purpose of obtaining a 
given consumption pattern. The control system developed is 
sketched in Figure 7.

Now this forecast-based control portal can be set to 
use a time-varying price signal to control (to some extent) 
power consumption. For the actual case this is illustrated 
in Figure 8, which shows consumption with and without a 
price response. 

The main advantage of the illustrated indirect price-
based control of the aggregated power consumption using 
a forecast-control portal is that the setup is rather simple. 
Another plus is that predictions such as weather forecasts 
can easily be integrated in the portal and thus taken into 
account for advanced model predictive control. The indi-
rect portal solution is simple; the signal�i.e., the price�is 
just a one-way signal that can be broadcast, and the meters 
should be able to accumulate not only the energy consump-
tion (in energy units) but also the accumulated cost.

The potential to extend this methodology to other house-
hold appliances and add the possibility of substitutions 
among energy sources indicates that this approach con-
tains many key elements for implementing future intelligent 
energy solutions.

Mobilizing Local Flexible 
Loads and Generators for 
Balancing and Ancillary Services 
DONG Energy, a leading energy group 
in northern Europe, is actively working 
to demonstrate how �exible loads and 
distributed generation assets can be 
aggregated from the distribution layer 
into a virtual power plant and used in 
the existing power and ancillary ser-
vices markets. The aggregated port-
folio acts like a conventional power 
plant and can offer traditional power 
services to the TSO and balancing 
markets. This concept is called Pow-
erHub; a mixed PowerHub commercial 

portfolio consisting of different generation and load assets is 
already in operation in Denmark (see Figure 9). The genera-
tion assets can be wind power, hydropower, or industrial or 
decentralized CHP plants, e.g., greenhouses. Flexible loads 
are often found at industrial consumers and include cold 
storage, wastewater plants, pumping stations, and water sup-
ply facilities; but they are also present with �eets of electric 
vehicles (EVs) and control units for HVAC systems in build-
ings. PowerHub was developed as part of a large EU project 
called Twenties (the largest Seventh Framework Programme 
for Research, or FP7, energy project so far) that is addressing 
the challenges of integrating large-scale wind power into the 
European system.

PowerHub has demonstrated the ability to aggregate �ex-
ibility across a portfolio of assets and combine and control 
the response of the units so that primary- or secondary-
frequency services can be traded and delivered to the TSO. 
Moreover, the platform can aggregate the larger energy 
volumes�e.g., from controllable load and generation�and 
trade these as balancing services in the regulating markets. 

figure 7.  Sketch of the control system used to control electricity consumption 
using price signals.
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figure 6.  Consumption response when the electricity price 
increases at hour 0.
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To forecast the price response of the aggregation of households, a 
model describing the dependency on outdoor air temperature, solar 
radiation, wind speed, time of day, and the price was established.


