
Integrating distributed storage in cities
Consortium for Modelling and Analysis of 
Decentralised Energy Storage

Catherine Bale, Andrew Pimm, Pepa Ambrosio-Albalá, 
Timothy Cockerill, Paul Upham and Peter G. Taylor

UKES Conference

30 November 2016



What is potential for 
integrating distributed 
storage technologies in 
cities?
• Context
• Peak demand 

reduction: Leeds case 
study

• Public perceptions: 
Oxford case study

• Conclusions

Outline



• Benefits specific to co-location of electricity storage with 
demand:

o Reduced peak demands

o Less reverse flow from 
prosumers

o Power quality improvements

o Backup power.

• Also large number of potential adopters: households, 
communities, businesses, public sector institutions, etc

• Potential for community ownership.

Electricity Storage Within Cities

Example net demand of 100 houses

over 1 week.



• Seeking multiple 
objectives; revenue, 
reduction in fuel 
poverty, climate 
initiatives.

• Roles as large asset 
managers, and 
providers of social 
housing. 

Interests of local authorities
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• Distribution network infrastructure requirements depend upon 
After Diversity Maximum Demand of customers being served by 
that infrastructure:

What is the potential peak demand reduction?

ADMD =
1

𝑁
max  

𝑖=1

𝑁

𝑃𝑖

𝑁 : Number of customers

𝑃𝑖 : Demand profile of customer 𝑖

Modelling electricity demand:
• Using the CREST Demand Model [1] … a stochastic model of domestic 

electricity demand based on UK Time Use Survey data. 1-min resolution.

Modelling embedded generation:
• Focusing on rooftop PV, modelled using the Bright Solar Model [2] … a 

stochastic model of solar PV resource. Also 1-min resolution.

[1] McKenna E, Thomson M. High-resolution stochastic integrated thermal–electrical domestic demand model. Applied Energy 165, 2016.

[2] Bright JM, Smith CJ, Taylor PG, Crook R. Stochastic generation of synthetic minutely irradiance time series derived from mean hourly weather observation data. Solar Energy 115, 

2015.



Peak Demand Reduction

Method:
1. Generate net demand profiles for a population of 10,000 households (HHs)

- Four weeks of one year for each HH (one week in each season)

2. Randomly choose 𝑁 HHs, and calculate the ADMD for that group, both with 
and without storage (using random sampling with replacement)

For any given 𝑁, step 2 is repeated 1,000 
times, then mean and standard deviation 
of the results are calculated.

ADMD =
1

𝑁
max  

𝑖=1

𝑁

𝑃𝑖

𝑁 : Number of customers

𝑃𝑖 : Demand profile of customer 𝑖 Mix of households representative of the city of Leeds.

No storage.



• To effect the greatest reduction in peak 
demand, predictions of demand and 
embedded generation should feed into 
the control system.

• Max. poss. peak demand reduction can 
also be found using a setpoint (SP): 
charge whenever demand is lower than 
SP, discharge whenever demand is 
higher than SP.

• Assessing all SPs gives highest possible 
demand reduction.

• Also, for an aggregation of houses (e.g. 
on a distribution substation), 
coordinated control provides greater 
peak demand reduction than isolated 
control.

Storage Control



Results: Leeds case study

• 100 houses, each with:

• 3 kW solar (average for Leeds LA domestic)

• Powerwall v1 type storage (6.4 kWh, 2.2 kW, 85% RTE)

Smart control (i.e. 
optimising storage 
schedule according to 
forecasts of local demand 
and generation) would 
improve the likelihood of 
achieving high reductions 
in peak demand

Mix of HHs representative of Leeds

>50% reduction in peak 
demand possible in this 
scenario



Results: Leeds case study

Comparison for different HH sizes

• 100 houses, each with:

• 3 kW solar (average for Leeds LA domestic)

• Powerwall v1 type storage (6.4 kWh, 2.2 kW, 85% RTE)



• Previous studies on energy storage focus on CCS, PV studies, and 

to a lesser extent, community energy 

• Gap in research studies of public perception of DES technologies

o Some studies of perception of energy related issues are framed 

under the lifestyle theory (Axsen, 2012)

o Lifestyles: people routines and practices, relation with the 

technologies and how this has changed-or not- their way of life.

o Approaching energy issues from risk theory, environmental 

attitudes and the consumption side

 Consumption preferences, use of time and space, social 

acceptance

Public perceptions: Key issues



• Energy Resources for Integrated Communities (ERIC). Part 
funded by the UK government. Established in January 2015: 
Oxford City Council, GreenSquare and private homeowners

• What they do? Look at how using innovative energy storage 
technology could help a group of homes in a community to 
save energy.

• How they do it? Installation of solar PV panels on roofs, and 
at the same time project lead, Moixa Technology, installing a 
Maslow energy storage unit. 

• What is the role of OCC? Provide site project 
management, tenant engagement and capital for installing 
solar PV and Maslow batteries in 60 council properties and 
the new community centre 

Storage in cities: Project ERIC



• Focus group with Project ERIC households 
Identify barriers and drivers to 
perceiving/adopting/investing in DES 
technologies

• Covering the study of the social constraints, 
routines, how the practice is integrated with 
other social practices. 

• Comparison with other groups of non-
adopters.

Exploring public perceptions of DES



Elicit informed opinions of homeowners and tenants

Identify barriers and drivers to 

perceiving/adopting/investing DES technologies

Understanding the meanings of DES technologies ( beliefs, 

people’s routines, imaginary)

Raising awareness of DES among city-residents 

Social housing in East Oxford 

8-10 people, 90 mins.

Themes: Lifestyles and Environment, 

Energy, DES technologies, Governance 

and Institutions

Partnership: Project  ERIC (Oxford City 

Council and Bioregional)

Output

Objective

Design and 

implementation

Exploring public perceptions of DES



Future Work

• Investigate the value of peak demand reduction.

• Understand the optimal scale and type of electricity 
storage in different types of urban areas.

• Compare perceptions of those with household 
battery storage and PV, with those with only PV.

• Linking the techno-economic potential with the 
social acceptance 

 What can we realistically expect the uptake of DES 
technologies in cities to be?



• Opportunities for cities that may bring benefits 
across the whole energy system.

• For local authorities to take a role need an 
economic case and for technologies to be 
socially acceptable.

• Need to understand benefits in order to unlock 
potential. 

• Need to draw together technical, economic and 
social research.

Conclusion
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Thank you for your attention!

For further info:
www.c-madens.org & poster session

Contact: c.s.e.bale@leeds.ac.uk or 
a.j.pimm@leeds.ac.uk
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