
What makes you peak? Cluster analysis of 
household activities and electricity demand 

Aven Satre-Meloy  
 
DPhil Candidate,  
Environmental Change Institute, 
University of Oxford 
 
Co-authors: Dr Marina Diakonova,  
Dr Philipp Grünewald 

ECEEE 2019 Summer Study on Energy Efficiency in Buildings 
Presqu’île de Giens, France 
June 5, 2019 

http://www.energy-use.org	



UK residential contribution to peak demand 

(Lampaditou	and	Leach,	2005)	

(Ofgem,	2010)	–	Table	A2.1	

Customer	 %	peak	demand	

Interruptible	I&C	 3.8%	

Firm	I&C	 16%	

SME	 30.2%	

Domestic	 50%	

Total	 100%	



Measuring and 
Evaluating Time- 
and Energy-use 
Relationships 



Measuring and Evaluating Time- and Energy-
use relationships (METER) 



HelpYouHome

What I didHot drink at 2:20pm

b) Location c) Activity

[...]

d) Other people e) Enjoymenta) Homef) Edit

Where are you at 9:36? Your activity How many people are you
doing this with?

How much do you enjoy this?

Home
Outdoors
Work
Public Place
Travel
Elsewhere

Personal
Joint
Work
Food
Appliances
Customise

Next...
Prepare
Lay of clear
Eat
Snack
Hot drink

Cold meal
Hot meal
Baking
Lay table

Next...

Next...
Oven
Hob
Microwave
Kettle
Toaster

No one
1
2
3
4
More

Very much
Somewhat
So so
Not much
Not at all
Skip

Location Activity Other people Enjoyment

3	selections	à	discriminate	216	options	



Cluster analysis of 
household activities and 
electricity demand  



Cluster analysis: what is it and how does it work? 

What	is	it?		
• An	algorithmic	approach	to	
identify	homogenous	
groupings	of	data	where	no	
a	priori	grouping	exists	

• Aims	to	group	objects	such	
that	those	in	one	cluster	are	
more	similar	to	each	other	
than	those	in	other	clusters	

How	does	it	work?	
• What	does	“more	similar”	
mean?	

• Conventional	clustering	
methods	use	geometric	
distances	to	determine	
“similarity”	(e.g.	Euclidean	
distances)	



Cluster analysis: what is it and how does it work? 

Source:	https://towardsdatascience.com/the-5-clustering-algorithms-data-scientists-need-to-know-a36d136ef68	



Paper 
methods:  
process map 

• Remove	poor	quality	data	
•  Select	sampling	method	

Pre-process	data	

• Determine	what	to	cluster	on	(i.e.	total	usage,	
discretionary	usage,	etc)	

Normalise	data	

• Compare	different	distance	methods	and	clustering	
algorithms	

Exploratory	cluster	analysis	

• Validation	index	to	determine	cluster	"distinctness"	and	
"compactness”	scores	

• Determine	optimal	number	of	clusters	

Evaluate	clusters	



Cluster analysis of peak period electricity load profiles 

Hourly	averages,		
4-9PM	

Cluster	
cumulative	load	
profiles!	



Why cluster cumulative load profiles?  

Equal	Euclidean	distance	between	each	profile	

b	 c	a	

Now	a)	and	b)	are	‘closer’	using	Euclidean	distance	



Paper 
methods:  
process map 

• Remove	poor	quality	data	
•  Select	sampling	method	

Pre-process	data	

• Determine	what	to	cluster	on	(i.e.	total	usage,	
discretionary	usage,	etc)	

Normalise	data	

• Compare	different	distance	methods	and	clustering	
algorithms	

Exploratory	cluster	analysis	

• Validation	index	to	determine	cluster	"distinctness"	and	
"compactness”	scores	

• Determine	optimal	number	of	clusters	

Evaluate	clusters	

• Link	survey	and	activity	data	to	load	profile	clusters	

Exploratory	analysis	of	household		
characteristics	and	activity	patterns	



Results 



Cluster analysis of peak period electricity load profiles 

Sample	details	
Time	period	
• 2016-2018	

Location		
•  UK	

Homes	
•  135	

Occupants	
•  350	

Activities	
•  1,247	

Cluster	1:	37	hh	 Cluster	2:	75	hh	

Cluster	3:	23	hh	

•  Terraced/other	type	homes,	
•  Young	(under	18)	and	old	(over	50)	

occupants	
•  High	washing	machine/tumble	dryer	

&	TV/computers	ownership	
	

•  Flats/apartments,	renters,	small	
dwellings	

•  Few	occupants	over	50	
•  Low	TV/computers	&	washing	

machine	ownership	

•  Detached/semi-detached	homes	
•  Larger	dwellings,	higher-income	

households,	mostly	1-2	occupants	
	



Exploring activity patterns for 
household clusters  



Activity: cooking on hob or using oven Activity: eating & eating hot meal 

Cluster	2:	75	hh	
Cluster	3:	23	hh	Cluster	1:	37	hh	



Takeaways – 3 important messages 
1.  Pre-processing steps are essential for fully capturing temporal 

shape of time series load profiles through cluster analysis 
•  Cumulative profiles enable appropriate use of Euclidean distance metrics 

2.  Demographic differences between clusters can be used to 
identify/prioritise groups for targeted interventions to reduce 
peak demand (i.e. which intervention is most appropriate?) 
•  Households with children that peak earlier require different interventions 

than renters/apartments that peak later 

3.  Meal times and preparation are key for differentiating 
households based on timing of peak demand 
•  Can inform ‘activity-led’ demand response (Grunewald & Diakonova, 

2018) 

METER	aims	to	be	a	laboratory	for	exploring	these	questions	(across	
different	countries	&	household	demographics/activity	patterns)	



Thank you! 

Aven	Satre-Meloy	
University	of	Oxford	
aven.satremeloy@ouce.ox.ac.uk	www.github.com/PhilGrunewald	
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UK electricity 
sector overview 



(BEIS, 2018) 

UK electricity supply, 1980-2017 

UK electricity sector overview 
Electricity demand by sector 2017 



UK energy sector overview 
Consumption by sector Domestic consumption by fuel 

(BEIS, 2018) 



(Priestley, 2018) 

UK carbon budgets & clean growth strategy 



Daily load profiles: UK Household Electricity Survey 

(DECC,	2014,	Palmer	et	al.	2013)	



Time-use data in residential electricity models 

(Lader, Short, and Gershuny, 2006) 

(Torriti et al., 2015) 



Energy, power, and flexibility 

(Grünewald, 2016) 



Sample household electricity profile 

http://energy-use.org/gallery/ 



Household survey variables 



Cluster analysis of peak period electricity load profiles 

Clustering	
approach	

Data	pre-
processing	

Data	
normalisation	

Clustering	
distance	
measure	

Clustering	
algorithm	

Cluster	
validation	
index	

Whole	time	
series		

Select	peak	
hours	(i.e.	
4-9pm)	and	
downsample	to	
hourly	average	

1)  De-min	
(subtract	
baseload)	

2)  Normalize	
by	
maximum	
value	after	
de-minning	

3)  Take	
integral	

Exploratory	
analysis	of	
Euclidean	
variants	and	
others;	final	
analysis	uses	
Euclidean	
distance	

Hierarchical	
agglomerative	
clustering	(HAC)	
with	complete	
linkage	criterion	

Silhouette	
index	
(measures	both	
intra-cluster	
compactness	
and	between-
cluster	
distinctness)	





Exploratory analysis of household survey data 
Cluster	1:	‘Early	peak’	(4pm)	
•  37	households	
•  4pm	peak	(1200W)	and	highest	5pm	

demand	
•  Primarily	terraced/other	house	type,	

with	highest	number	of	young	
(under	18)	and	old	(over	50)	
occupants	

•  Highest	washing	machine/tumble	
dryer	ownership	&	TV/computers	

	

Cluster	2:	‘Mid	peak’	(7pm)	
•  75	households	
•  7pm	peak	(1000W)	but	moderately	

high	5pm	demand	
•  Primarily	detached/semi-detached	

house	type,	larger	dwellings,	higher-
income	homes,	mostly	1-2	
occupants	

•  Highest	ownership	of	portable	
heaters/electric	hobs	

	

Cluster	3:	‘Late	peak’	(9pm)	
•  23	households	
•  9pm	peak	(1200W)	and	lowest	5pm	

demand	
•  Highest	frequency	of	flats/

apartments,	renters,	small	dwellings;	
lowest	frequency	of	occupants	over	
50	

•  Lowest	frequency	of	TV/computers	
&	washing	machines	



Current 
research: 
predicting 
cluster 
membership 
using activity 
data  

• Remove	poor	quality	data	
•  Select	sampling	method	

Pre-process	data	

• Determine	what	to	cluster	on	(i.e.	total	usage,	
discretionary	usage,	etc)	

Normalise	data	

• Compare	different	distance	methods	and	clustering	
algorithms	

Exploratory	cluster	analysis	

• Validation	index	to	determine	cluster	"distinctness"	and	
"compactness”	scores	

• Determine	optimal	number	of	clusters	

Evaluate	clusters	

• Model	likelihood	of	being	in	certain	cluster	using	activity	
patterns	

Predictive	modelling	using	supervised	
learning	



Current research: 
Activity	data	

Hourly	activity	counts	for	
each	hh	

Predict	cluster	1	

Timing	and	type	of	activities	

Predict	cluster	2	

Timing	and	type	of	activities	

Predict	cluster	3	

Timing	and	type	of	activities	

Supervised	
learning	algorithm	

glmnet,	random	forest	

1	 2	 3	
Cluster	membership		
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Validating activity-electricity signatures 



Sewing

Clean floors

BBQ

Read to child

Be with child
Feed child

Laundry (!)

Ironing

Laundry
Tumble dryer

Power footprint of activities 



Link between activity reporting and electricity 
consumption 



Aggregating electricity profiles for various activities 

Get home 
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Washing 
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Charge car Oven 

Tea 

Let’s test your load profile knowledge 
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