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Figure 3 – A common internal structure of a virtual power plant.

Figure 4 – Electronic components connecting physical power plants to the orchestrating software

Figure 5 – The output curve (flat in the example) represent the output to guarantee. The amount produced by the various technologies sum up and excess is stored.

Figure 1 – A virtual power plant groups together multiple generation units even based on multiple different technologies and make it look like a larger, conventional power plant.

Figure 2 – The software orchestrator of an energy management system balances actual production data with TSO request and additional operational information and forecasts.

WIND

How Artificial Intelligence
Will Make the Life of TSOs Easier
Exploring the Concept of an Intelligent Energy Management System 
The Transmission System Operator (TSO) is the entity entrusted with the physical transportation of 
energy from any regional power plants to local households. The TSO has two main responsibilities. 
First, it has to ensure the security of the power lines through which the electricity is transferred. 
Second, it has to ensure the constant balance of demand and supply of energy throughout the grid. 
This last issue has never been so crucial and delicate as it has become recently. 
For years, in fact, all power plants have been sized and built to match the demand of energy statistically 
expected to come from a given area. All the energy produced out of conventional sources such as coal, 
oil, atomic, geothermal, hydro or natural gas is fed to the nearest branch of the national or regional grid 
and from there it reaches the actual households. A number of patterns have been identified over the 
years to guarantee a constant inflow of energy to the grid in order to balance demand and supply and 
subsequently prevent both excess and shortage of energy. In the wholesale energy market, the TSO 
operates to avoid large fluctuations in the energy supply and does that through a number of behavioral 
codes that all participating companies are called to enforce. 
The provisioning model developed out of established practices and, around the 2000s, the introduction 
of smarter power grids brought the risk of blackouts significantly down thus solving the long-time 
problem of ensuring grid balance. However, in only a few years, the bold advent of renewable sources 
radically changed such an idyllic scenario. Renewable sources are uncontrollable by nature and with a 
growing percentage of uncontrollable energy possibly flooding the grid the risk of damage is unbearably 
high. Software comes to the rescue and, more specifically, artificial intelligence technologies come to 
help predicting production and controlling distribution. What the TSO does manually, some artificial 
portion of code can do automatically.

Intelligent Software to Make Life Easier
A continuously reliable power forecast is all that power plant managers need to know to comply with 
TSO guidelines and energy traders wish in order to seal better deals. Predictions, however, are possible 
only in two ways. You have a fortune teller at hand or you’re good at using machine learning algorithms. 
The role of artificial intelligence is crucial for accurate predictions and to step up the interaction between 
energy companies and TSOs.
As mentioned, in fact, the biggest difference between a renewable and conventional power plant is the 
predictability of the output that goes to the power grid. A conventional power plant provides a nearly 
constant output whereas a renewable power plant is subject to the vagaries of the weather. This is 
just where the intelligence of software kicks in. Once connected together, a number of independent 
generation units—even based on different technologies—may be operated as a single, virtualized power 
plant. Software is used to orchestrate the work of the various generation units, to implement power 
control and start and stop units as appropriate for the business and as it may be requested by the local 
TSO. However, the concept of a virtual power plant goes beyond smart power control. 
By combining together generation units and technologies for energy storage, it is conceivable to extend 
the orchestrating software to make it intelligently store energy in excess and release stored energy 
in case of shortage. Such a software is required to make some calculations and guarantee that only 
a contracted amount of energy is produced at any time and that any energy in excess is stored in 
some way. Such as software would be based on some advanced form of machine learning and crunch 
weather forecasts, production analytics, price forecasts to produce a nearly constant output in spite 
of the renewable sources used to produce energy. 
Similar software would be a breakthrough for the energy industry and a game-changer for TSO 
operations. The TSO will keep on doing the usual job of deciding the numbers that would keep the grid 
in balance. But TSOs will now have a partner that can reliably contribute just the requested amount of 
energy in any specified timeframes.
Let’s have a closer look at this orchestrating software and the artificial intelligence in it.

Virtualizing Power Production
The term virtual power plant (VPP) is not new in the industry and refers to a closed network of (mostly 
heterogeneous) generation units whose production is treated and traded collectively as if it were a 
single power plant. The glue that aggregates assets together is a special algorithm able to automatically 
adjust collective production to the commands from TSOs so that a larger amount of energy can be 
delivered from a single subject just as if it were a big, conventional power plant. At the same time, 
though, such a virtualized power plant doesn’t lose any of the typical, and highly reactive, capabilities 
of a renewable power plant and can still quickly and efficiently raise or lower delivery of electricity to 
the grid. As in the figure, a virtualized power plant can turn the behavior of multiple renewable power 
plants into the typical behavior of a conventional power plant, at least from the perspective of a TSO.

In literature, however, the concept of a VPP has a few slightly different flavors. It is always a pool of power 
plants but the size may vary typically from small to medium sizes. Another aspect that differentiates 
virtual power plants is that some of the aggregated assets may be producing energy and others may be 
consuming energy. Typically, a VPP is created because taken individually all of the participating assets 
may not be able to connect directly to the power grid because of the lack of flexibility in production 
which results in insufficient capabilities of support abrupt outages and also often because of their too 
small size which is too small even for the smallest market size.
Just putting multiple small- and medium-sized power plants together is not enough—they need to be 
heterogeneous and combine together wind and solar, hydro and battery storage. Renewable sources 
are key to have because of their reactivity to power commands. It takes a short time, in fact, to take a 
turbine up or down to avoid overloading of the grid. The grid doesn’t have abundant storage capabilities 
so it is crucial that it is fed, at any time, nearly the same amount it is demanded. At the same time, 
nobody can stop the wind or the sun so any excess of renewable energy to some extent can be 
produced and stored in batteries or even in hydro plants through pumped hydro storage. The portfolio 
of a virtual power plant must then be ample, not necessarily in the number of assets but primarily in 
the number of involved technologies to compensate any fluctuations of production both in negative 
and positive directions.

From VPP to Energy Management Systems
So far, virtual power plants have been implemented just securely connecting together existing power 
plants to a central control system that reports to the grid and TSO. The new frontier, instead, is building 
ad hoc compound power plants specifically designed to be operated as virtual power plants. The idea 
is setting up a new type of power plant that although based on renewable sources is operated as a 
conventional power plant can contribute to the power grid a contracted amount of energy. From the 
TSO perspective, this is no less than ideal as in this way the TSO may order a large amount of energy 
in line with current supply and demand. Instead of dealing with multiple energy feeds, the TSO deals 
with a much smaller number of providers and, better than anything else, can even tell them how much 
to contribute on a timeline. 
To turn a small group of renewable power plants into a virtualized power plant that outputs a nearly 
constant, and contracted, amount of energy a software orchestrator is a must. The next figure 
summarizes the vision behind the energy management system. At the center of operations is the 
software orchestrator module, which receives the actual production data and telemetry from the 
physical power plants and forecasts data from a number of external modules. The overall architecture 
can be outlined as in Figure 2.

For sure, it will include a wind farm and a solar farm, possibly in nearby areas though this is not a strict 
requirement. All that matters, in fact, is the ability to receive telemetry data and the availability of a 
software interface to send start/stop power commands. Sometimes, solar power plants also come with 
some basic storage capability to preserve excess solar electricity instead of sending it back to the grid. 
Solar panels generate electricity when the sun shines and wind turbines produce electricity when the 
wind are blowing. There are moments, though, in which the amount of renewable energy produced can’t 
just be increased—no solar overnight for example or in cloudy days. This sets an additional requirement 
for the power plant: the need of large storage capability. As of today, this can hardly be achieved with 
batteries. Well beyond the small scale of personal installations, energy storage is far from being a 
solved problem. 
As of today, the most battle-field tested form of energy storage is pumped hydroelectric storage. As 
surprisingly as it may sound, it has been doing the job for well over a century and it is the technology 
that allows to handle the largest amounts of energy. As of 2017, pumped hydroelectric storage still 
makes up for over 90% of the world energy storage. A pumped hydroelectric storage station consists 
of two reservoirs, one downhill and one uphill, connected to form a closed loop. Within a hydro power 
plant, low-cost off-peak electric power in excess is used to pump water uphill to fill the upper reservoir. 
The power to pump water uphill comes from connected nearby power plants that finds themselves in 
the need of saving surplus of energy. In the end, a combination of wind, solar and hydro power plants 
with some orchestrating software to manage the flow of energy towards the grid is the formula of a 
new power plant that the grid can perceive as a single generation unit.
Each power plant in Figure 3 will be connected to IoT edge components (i.e., via a first-level SCADA 
module) which will forward data to the central software orchestrator. The core software is then called 
to crunch numbers coming from actual and forecast production and the curve of expected outcome 
that determines the expected amount of energy on a daily or even hourly basis. (Figure 4).

What would be a reasonable composition of the virtual power plant? Here’s Figure 3.

If wind and solar are not sufficient to produce the required amount in the considered timeframe, the 
software can compensate by releasing water from the top reservoir. In alternative, the software can 
command to use any energy in excess to move water from downhill to the top reservoir to store energy 
for a later time. 
The primary purpose of artificial intelligence is coordinating hydro actions so that there will be enough 
water to release in case of need and enough water to move up to save energy in excess. In addition, the 
underlying neural network must be able to deal with a number of other factors such as maintenance 
plans to the hardware or sudden and unexpected faults that could alter the forecast production level. 
Put another way, artificial intelligence is called to set operational margins to guarantee the results. 
The orchestrator must ultimately comply with a compound curve as that in Figure 5.

The new virtual power plant is physically connected via power line to a local substation. The energy 
that flows through these power lines is controlled by the power regulations commands issued by the 
software orchestrator.

Fine-tuning a Smart Energy System
When it comes to concretely planning such a composed system, much like with a piece of machine 
learning software, training, measurement and fine-tuning of parameters are crucial activities that not 
just must provide reliable results to confirm effectiveness before the actual system is built but also need 
to work as a continuous reference to check reliability of a working system. To fine-tune performance 
and behavior, another software component may be required to simulate the system behavior as some 
parameters are modified. The system must be simulated using models and sizes of wind turbines, 
inverters, hydro pumps and generators, number of generators and capacity as well as geographical 
parameters such as wind analysis, irradiation and rain distribution. Armed with this data, the software 
should simulate the performance and match it to some sample curves of expected outcome, surviving 
simulated anomalies and downtimes and trying different optimization algorithms

Summary
Electric utilities and TSO grid managers face a complex task. On one hand, they need to guarantee 
reliable access to electricity. At the same time, though, they also have to ensure that there is just 
enough electricity on the grid to meet demand. The grid receives energy from conventional as well 
as renewable sources but while the input from a conventional power plant is nearly constant, the 
input from a renewable power plant may be highly fluctuant. This makes the task of grid managers 
particularly hard. For this reason, an intelligent software able to flatten the fluctuations and intelligent 
store and forward input according to an outcome curve may really make the life of TSOs and energy 
utilities easier. Tailormade software is crucial though and that’s the major challenge. 

Software solutions for energy and beyond


