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The Electrical Weather Forecast  PQWEATHER

Finding EVs with Smart Meters    ENERGYTICS

Predicting Incipient Faults   EARLYWARN

Forecasting power quality issues (such as voltage dips and outages) is 
of great importance in oil & gas, processing, manufacturing, and other 
heavy industries. Under adverse conditions, equipment can trip, forcing 
an expensive restart cycle. Given a forecast and suitable decision support, 
operators can take mitigating actions to avoid adverse situations.

We determine the feasibility of combining historical weather forecasts 
and with power quality measurements to predict power quality fluctua-
tions. We combine geographical information of the Norwegian grid, his-
torical weather forecasts, and power quality measurements over a pilot 
area. On the right is a map of the area with overhead lines and grid cells 
with meteorological data.

Untuned models can predict 80 percent of power quality issues. False 
positive and false negative rates are 20 and 25 percent, but can be traded 
off. If monetary costs are be attached to these, a cost benefit analysis can 
find an optimal decision threshold.

Norway is among the countries with the highest per-capita ownership of 
electric vehicles (EVs). By 2019, Norway will also complete the roll-out 
of smart meters to all electricity customers. Every hour, these meters re-
port electricity consumption to the grid operator. 

Automated detection of EVs from this data would constitute an impor-
tant source of information to guide grid upgrades. However, tradition-
al appliance detection operates on second or minute level data, whereas 
we can only operate on hourly data. We therefore use machine and deep 
learning methods to detect EV signatures.

While untuned models find 75 percent of EVs at false positive rates of 
35 percent, tuned models detect up to 90 precent of EVs with 10 per-
cent false positives. When deployed on anonymized field data (see the 
EV heatmap on the left), models detect EVs in line with EV fractions 
from the national registry as well as expected spatiotemporal patterns. In 
this case, EV detections line up with urban as well as cabin areas.

The global move towards Smart Grids is supported by deployment of 
equipment such as Power Quality Analysers (PQAs). These provide con-
tinuous power quality data upon which machine learning models can be 
built to forecast faults. On the right, we show 10 years of measurements 
from a 22 kV grid. The spikes correspond to faults we wish to forecast.

We use measurements from nine PQA nodes in the Norwegian grid to 
predict interruptions, voltage dips, and earth faults. After training en-
sembles of gradient boosted decision trees on spectral decompositions of 
cycle-by-cycle voltage measurements, we evaluate their performance.

We find that interruptions are easiest to predict (95 percent true positive, 
20 percent false positives), while earth faults and voltage dips are more 
challenging. While we have only explored forecast horizons of up to 40 
seconds, there are indications that forecasts of at least a few minutes are 
feasible. 2010     2012     2014     2016     2018
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