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Objectives 

• Understand the limitations that domestic consumers are willing to 
consider acceptable in terms of dynamic pricing tariffs for electricity 
through consumer and consumer data interactions, 
 

• Investigate the relationship between dynamic electricity tariffs and power 
network characteristics using an agent-based model to represent a 
segment of distribution network and its consumers, 
 

• Design a scalable computational and data platform that run data mining 
applications to identify features of network and consumer behaviour and 
their relationship to input factors such as price and power demand. 
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Consumer Behaviour 

Research problem 

Electricity tariffs [and load control 
schemes] are devised by experts 
but used by non-experts. We 
don’t understand much about 
what different tariff types mean 
in terms of everyday practices.  

 

 

 

Research questions 

How complicated should an 
electricity tariff be, to be 
accepted by the public while 
encouraging effective demand 
reduction / shifting?  

 

What do different tariff types 
mean in terms of ‘workability’? 

 

 

4 



The Focus Groups 

1. All-electric customers 

2. Prepayment   

3. Early adopters, solar PV/ electric 
vehicles/ heat pump  

4. Experience of 3-band time-of-
day tariff 

5. Credit customers,  had switched 
supplier in previous year 

6. Credit customers, hadn’t 
switched supplier for at least 5 
years.  

 

Tariff Choices 

1. ‘Static’ TOU tariff, to 
moderate demand at 
specified times when high 
demand routinely occurs   

2. ‘Critical day’ tariff to reduce 
demand at times of prolonged 
shortage of supply 

3, 4, 5. Real-time tariffs, reflecting 
wholesale spot prices  
6.     Standing charge that varies in 
relation to contracted peak demand - 
a capacity-related tariff rather than 
time-related. 
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Static 

TOU 

Critical 

day 

pricing 

Real time 

pricing, day-

ahead notice 

RTP + cashback on 

smart appliances; 

DLC + manual 

override 

RTP+ 

programmable 

apps; user sets 

cut-off prices 
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related 

standing 
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NO 2 12 29 34 27 28 

MAYBE 9 25 12 8 20 10 

YES 36 10 6 5 0 9 



Some quotations (1)  
Predictability and availability. People … run electricity round their lives. Whereas where we seem 
to be heading is, we’ll run our lives round electricity.  
 
Trust and complexity. … is this [Option 2] something that the power company is really going to 
take on board, and get rid of the 5 million other tariffs, or is it just an extra one to confuse us 
with?  
 
At the end of the day, that is hitting us, who don’t have a choice, and lining the pockets of the 
shareholders. Because it’s a company that makes millions and millions of pounds of profit…  
 
Privacy and control. Isn’t [direct load control] sort of an invasion into your personal life? … That’s 
taking decisions out of your hands. 
 
Visibility and enabling tech. I would hope …that manufacturers… would put timers on all of your 
appliances so that you can set them. And… if it was that clear [e.g. a fridge magnet showing price 
bands], I would do my washing, my tumble drying, from midnight.  
 
Time-sensitivity. 30 minutes can give you 80% of your [EV] battery charge, so if you really have to 
go out… and if it’s switched off for 20 minutes … that’d be a nightmare.  
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Qualitative points (2) 
Safety.  I don’t like… having appliances on in the middle of the night, because I was told that it’s a 
fire risk. 

 

Equity. We have four children, we’ve grandchildren, often all in the house at the same time… we 
get visitors . whereas my next door neighbour is a gentleman on his own…he’s got a very good 
pension… to be penalised [by a high standing charge for high peak demand]  because we’ve got a 
busy household… I don’t think that’s fair…  

 

Some acceptance. Is this the way forward, to try to get people to use their electric more wisely? 

 

You might say, … number 6’d be good if you’ve got two people in the household who don’t work, 
… this tariff is not recommended for people who are at home all day, or for old age pensioners… 
you might want to consider this if you’ve got two children …  

  

I think if you’re going to be late for a meeting because the washing machine’s going to be off for 
20 minutes, you seriously need to buy more pants.  
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Conclusions from focus groups 

A new tariff needs to be simple and visible - easily displayed. 

Utilities - or whoever sets the tariffs - need to gain and maintain trust. 

Static TOU tariffs were more popular than real-time tariffs, mostly because 
they were predictable and fitted with existing routines.  

Some willingness to reduce usage at critical times in response to price or 
other signals, and interest in enabling technologies.  

Non-financial, social and educational factors affect adoption of new tariffs  
and new technologies – not just prices.  

Customers need time to understand the reasons for new tariffs, and get used 
to them.  

A risk that customers are seen as necessary to operate the system’, rather 
than contributing to a system that serves them.  This raises questions about 
the scale, nature and governance of smart grids.  
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Simulation-based assessment of Smart 
Metering communications infrastructures 
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Simulation-based assessment of Smart 
Metering communications infrastructures 
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• Scalability testing at different network utilization 
rates 

Simulation-based assessment of Smart 
Metering communications infrastructures 

! Bottleneck: 200.000 stations. For 500.000 stations the simulation time on a 
machine with an Intel(R) Core (TM) i7 CPU and 8 GB RAM took 50 hours 
physical time for 77 seconds simulation time. The estimated remaining time 
is over 2000 hours and all processing units are loaded at 100%, with a 
memory utilization of 99-100% triggering thermal protections and leading to 
crashing.      Moving to use an HPC system 
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Actionable Information 
• Exploiting data mining techniques: 

– Predicting and classifying costs when there is a shift in the 
type of tariff, e.g. shifting to a real-time tariff from a fixed 
price tariff. 

– Clustering of domestic load profiles, determining behaviour 
type and response by the consumer to tariff changes 

• Utilise the Dehams dataset (www.dehams.eu, UK & 
Bulgaria) 

– 263 customers from 2010-03-30 to 2010-11-24 every 8 
seconds,  

– no single customer has a complete record set… 

– Pre-process the dataset to remove clear errors and 
omissions 

– Use 197 of the total 263 

• Utilise well known k-means clustering & the Dirichlet 
Process Mixture Model, a Bayesian non-parametric 
statistical clustering model 

• Bayesian paradigm -> unknown parameters that govern 
the distribution used for explaining the data are 
modelled with a distribution itself 

• In non-parametric algorithms the number of clusters is 
not an input parameter, it grows with the complexity of 
the data 

http://www.dehams.eu


Clustering using Dirichlet Process 
Mixture Model 

Using a Bayesian method allows us to handle uncertainty within 

the data set more easily than more traditional data mining 

methods 





Clustering Performance 

• First Bayesian non-parametric model to cluster 

electricity load profiles 

• Results are similar than other clustering algorithms 

but number of clusters is not a user input parameter 



If we were to do it again? 

• ~200 homes is a tiny dataset 
– Mixed nationality dataset becomes difficult sue to 

different timezones and national differences 
– Are there better data sources available…? 

• Better connection between data mining and consumer 
analysis, follow up original Dehems data sources? 
– Difficult with Data privacy legislation, ending of Dehems 

project and poor data management processes 

• Tighter team relationship including more frequent face 
to faces 

• Publication is more difficult than expected due to remit 
of available publications 
 
 



If we could take this further  

Current research status: 
Many groups tackling 
(aspects of) dynamic 
electricity pricing and tariffs 

Being aware of  each 
other’s existence and 

interests 

Identify 

Entities 

Their area of 
research 

Overlapping 

Relating 

Complimentary 

Create strong links 
between these entities 
and act as a cohesive 
research body 


