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Centre for Challenge Prizes
The Centre for Challenge Prizes was launched in April 2012 and brings together the growing expertise and
interest in challenge prizes. This will help build an understanding of how challenge prizes can play an effective
and strategic role in the stimulation and support of innovation.
Challenge prizes, also called ‘inducement’ prizes, offer a reward to whoever can first, or most effectively, meet
a defined challenge. They act as an incentive for meeting a specific challenge, rather than an award for past
achievements.
Visit: www.nesta.org.uk/areas_of_work/challengeprizes to find out more.

Centre for Carbon Measurement at the National Physical
Laboratory
The National Physical Laboratory (NPL) is the UK’s national measurement institute, which means it is a centre
of excellence for accurate measurement, science and technology.
The Centre for Carbon Measurement at NPL reduces uncertainties in climate data, provides the robust
measurement that is required to account for, price and trade carbon emissions and helps develop and
accelerate the take up of low carbon technologies.
Visit: www.npl.co.uk/carbon–measurement or contact us on: carbon–measurement@npl.co.uk

National Grid
National Grid is one of the largest investor–owned energy companies in the world. We own and manage the grids
that connect people to the energy they need, from whatever the source. In Britain and the north–eastern states
of the US we run systems that deliver gas and electricity to millions of people, businesses and communities.
In Britain, we run the gas and electricity systems that our society is built on, delivering gas and electricity
across the country. In the North Eastern US, we connect more than seven million gas and electric customers to
vital energy sources, essential for our modern lifestyles.

Climate–KIC
Climate–KIC is the EU’s main climate innovation initiative. It is Europe’s largest public–private innovation
partnership focused on mitigating and adapting to climate change. Climate–KIC consists of companies,
academic institutions and the public sector.
The organisation has its headquarters in London, UK, and leverages its centres across Europe to support start–
up companies, to bring together partners on innovation projects and to educate students to bring about a
connected, creative transformation of knowledge and ideas into products and services that help mitigate and
adapt to climate change.
Climate–KIC is one of the Knowledge and Innovation Communities (KICs) created in 2010 by the European
Institute of Innovation and Technology (EIT), the EU body tasked with creating sustainable European growth
while dealing with the global challenges of our time.
www.climate–kic.org

Nesta
Nesta is the UK’s innovation foundation.
An independent charity, we help people and organisations bring great ideas to life. We do this by providing
investments and grants and mobilising research, networks and skills.
Nesta is a registered charity in England and Wales with company number 7706036 and charity number 1144091.
Registered as a charity in Scotland number SCO42833. Registered office: 1 Plough Place, London, EC4A 1DE.

www.nesta.org.uk

© Nesta 2014
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INTRODUCTION
The Dynamic Demand Challenge Prize was designed and delivered by Nesta’s Centre for
Challenge Prizes in partnership with the National Physical Laboratory’s Centre for Carbon
Measurement (NPL) to stimulate demand–side response solutions for households and small
businesses.
The launch of the Dynamic Demand Challenge in July 2013 coincided with the publication of the
Electricity Capacity Assessment Report 2013 by energy regulator Ofgem,1 which warned of the
UK’s capacity margins decreasing in the next few years and provoked headlines and extensive
coverage in the media about the risks of electricity shortage across the UK.
Ofgem said:

electricity margins could tighten in 2015–16 to between around 2
per cent to 5 per cent and the generation industry must get a grip
on the problem through greater investment and other initiatives.
New solutions to demand–side response are needed and the £100,0002 Dynamic Demand
Challenge Prize fund intended to prompt innovations in this area.
The programme was launched with the Dynamic Demand Challenge report The Challenge of
Shifting Peak Electricity3 Demand which outlined the need and context for such a challenge.
The Challenge Prize was match funded by Nesta, the Department for Business, Innovation
and Skills and the Climate–KIC’s Climate Market Accelerator (CMA) programme and was also
sponsored by the National Grid. Imperial College London was a contributor and provided
business development support to participants.
The Challenge Prize was delivered as a staged model (outlined on pages 8–11) inviting potential
solutions from a wide range of organisations, entrepreneurs, engineers and students. Over 75
ideas were received. Ten Semi–Finalist groups were selected to attend a Hack event at Imperial
College London to develop their ideas and present them to the panel of judges. Five Finalists
were then selected and awarded £10,000 each to develop their prototypes and measure the
impact on shifting demand and potential carbon emissions reductions with the support of NPL.
The winner of the challenge is awarded £50,000 to support the continued development of their
idea with a potential for market.
Partner organisations Nesta, NPL’s Centre for Carbon Measurement, National Grid, Imperial
College London and Climate–KIC (drivers of climate innovation in Europe) were joined by
representation from Department for Energy and Climate Change, Ofgem (regulators of the UK
electricity and gas markets) and Which? (the consumer champion) to form the decision–making
panel for the Dynamic Demand Challenge. Commitment from these organisations confirms the
importance of the issue being addressed. More information about the decision–making panel can
be found on pages 28–31.
This report provides an overview of the Challenge Prize and the ideas that were prototyped by
the five selected Finalists.
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WHAT IS A CHALLENGE PRIZE?
Challenge prizes, also called ‘inducement’ prizes, offer a reward to whoever can first, or most
effectively, meet a defined challenge. They act as an incentive for meeting a specific challenge,
rather than an award for past achievements.
Offering cash prizes to incentivise breakthrough innovations is a time–honoured practice. Today,
the practice of using prizes to stimulate innovation is on the increase. Experiments in spurring
innovation with prizes are now taking place around the world, by governments, corporations and
charities – tackling both technical and social challenges.

To find out more about challenge prizes, read Nesta’s reports:
• Challenge Prizes Landscape Review
• Challenge Prizes: A Practice Guide
• Longitude Prize 2014 – briefing and methodology
• The Giving Challenge Prizes
These can be accessed in the publications section of www.nesta.org.uk4
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THE DYNAMIC DEMAND CHALLENGE
Why Dynamic Demand?
The case for reduction in CO2 is well rehearsed and in response the UK government has set a
target of 80 per cent reduction on 1990 emissions levels by 2050.
Electricity generation accounts for around 30 per cent of UK CO2 emissions, with the primary
source of UK electricity still predominantly fossil fuels. Renewable energy sources such as wind,
wave and tidal energy are generally CO2 neutral, but are intermittent due to the unpredictable
nature of the weather.
The UK’s electricity system is therefore under increasing pressure to keep up with the ever–
growing electricity demand. Pressure on and from governments to move towards a low–carbon
economy adds complexity to this problem through increased use of decentralised renewable
energy generation.
An important barrier to the use of renewable energy is that its intermittence means it may need
to be matched with other non–renewable sources of energy that provide base load for power
grids.
Dynamic demand, or demand–side response (DSR) is the exchange of information between
electronic devices, responding to signals from the grid directly or indirectly. These products
or technologies can help shift electricity consumption away from peak hours where electricity
consumption is high, or enable greater usage of excess electricity generation from renewables,
as well as help maximise the use of a smart infrastructure.
The Dynamic Demand Challenge: The Challenge of Shifting
Peak Electricity Demand report was aimed at supporting
potential entrants to the Dynamic Demand Challenge Prize
and also provides an introduction to a wider audience to the
topic of dynamic demand.
The report provides broader contextual information on the
topic of the UK electricity market, the underlying systems
and its market players. It outlines some of the present
workings of the grid as well as future challenges and the
principle of demand–side response, including what drivers
encourage wider uptake of such measures and also what
barriers have yet to be overcome.
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The Challenge
In order to encourage innovation in demand–side response solutions, Nesta and partners
developed the challenge for groups that could increase the potential of demand–side response
management, and have a positive impact on current load balancing and capacity issues, as well
as achieving emissions reductions.

The Challenge Statement
Create a new product, technology or service that utilised data to significantly improve the
ability of households or small businesses to demonstrate measurable reduction in carbon
emissions by shifting energy demand to off–peak times or towards excess renewable
generation.
The Dynamic Demand Challenge Prize presented an exciting opportunity to develop ideas that
have the potential to drive systemic change in shifting demand from peak to off–peak times,
making better use of renewable energy and supporting the growing demands of the electricity
infrastructure.
The expected outcomes of the Challenge were:
• Demonstrable shift in peak usage to off–peak times.
• Measureable reduction in CO2 emissions.
• Responsiveness to dynamics of supply of renewable energy.
Advances in this area:
• Help to ascertain whether the relevant data can be accessed to support the development of
dynamic demand solutions.
• Enable understanding of which dynamic demand technologies, products and services are
likely to have the most impact.
• Advance progress towards CO2 reduction.
• Improve investor, funder and consumer confidence in making energy efficient decisions.
It was also intended that the end solutions should make it easier for household and small
business consumers, with daily electricity usages of up to 50 kWh, to potentially shift their
demand, without having to make significant changes in behaviour.
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THE CHALLENGE CRITERIA
Entry criteria
The Challenge was open to entries from anyone across the European Union. The solution,
however, had to be applied within a UK context.
• We were open to ideas from all sources and sectors. We particularly encouraged entries from
sustainability and energy businesses (SMEs), charities, NGOs, community groups, developers,
engineers, students and sustainability and energy professionals.
• Groups and organisations did not have to be legally constituted to enter.
• Entrants needed to ensure that they had the capacity, or could quickly develop a prototype
or service blueprint for their solution.
• All entrants needed to demonstrate a willingness to share their idea, experiences and learning
to help establish a body of knowledge that can bring about a sustained change in the
culture of dynamic demand. A summary of their solution was made public to help generate
discussion about the topic.
• Prize funding is only awarded for projects that have an identifiable public benefit related to
the aims of the Challenge and Nesta’s charitable objects and where any private benefit to
individuals, companies or shareholders is incidental and not excessive.

Judging criteria
There were three key criteria upon which the judging panel made their decision:

1. Innovation
• We were looking for completely
new products, technologies, or
services or improvements to
existing solutions, combining or
implementing these in new ways.
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2. Shifting demand to 		
off–peak times or towards
renewable generation, 		
which should help reduce
carbon emissions
• The solution needed to demonstrate
a shift in electricity demand from
peak to off–peak times and/or
shift in demand towards times
when renewable energy is being
generated.
• There had to be a measureable
reduction in CO2 emissions that
can be attributed to the use of the
product, technology or service.
(This was calculated by NPL’s
Centre for Carbon Measurement.)
We gained an understanding of the
data sets that have been utilised
to develop solutions and how they
have been used/interpreted.

3. Potential for 				
sustainability and scale
• The solutions needed to
demonstrate market potential
and potential for growth over
time. They also needed to
be easy to understand and
affordable for consumers.

At each stage of the process the ideas/solutions were assessed against these criteria and the
winning solution is the one that judges felt best met the collective criteria.
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CHALLENGE STAGES
This section outlines the various stages of the challenge prize model.

Open Call
• Launched online platform http://dynamicdemand.
nesta.org.uk/ on 1 July 2013.
• Provided guidance and context in published report
The Dynamic Demand Challenge: The Challenge of
Shifting Peak Electricity Demand.
• Accepted online entries and provided a data bank
for related data.
• Closed for entry 9 September 2013.

Selection of Semi–Finalists
• Conducted first–stage assessments of the ideas.
• Shortlisted 25 entries who were interviewed over
the phone.
• Ten Semi–Finalists selected and invited to Hack
event held at Imperial College.

Hack event, 18 and 19 October 2013,
Imperial College
• Semi–Finalists hack their ideas over 36 hours.
• Expert guidance and practical support offered
throughout the Hack.
• Semi–Finalists pitched to judges who selected five
Finalists.
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Development phase for Finalists
• All five Finalists received £10,000 to develop their
ideas.
• Impact measurement and business planning
support was provided by NPL and Imperial College.
• Completion of initial development of prototypes
ready for testing.

Testing – measuring impact!
• NPL scientists worked with Finalists to determine
impact measures.
• Scientists created a model for testing the Finalists’
prototypes.
• Finalists submitted business plans, modelling
results and financial forecasts.
• Judging panel interviewed the Finalists to
determine the winner.

Winner selected and announced!
• £50,000 cash prize awarded to the Finalist
that demonstrated the most significant impact
in shifting demand to off–peak times and/or
towards renewable generation, combined with a
reduction in carbon emissions and the potential for
sustainability and scale.
• Celebration event took place at the Science
Museum, London on 26 June 2014.
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SEMI–FINALISTS
After interviewing a shortlist of 25 entries, we invited ten Semi–Finalists to attend a 36–hour
Hack event at Imperial College. Nine accepted this invitation and attended the full event. We
also invited a selection of skilled specialists that could work with the Semi–Finalists on the
development of their ideas; two of these specialists ‘Hacked’ an idea during the first morning
and entered a ‘wildcard’ into the competition!
The idea descriptions are extracted from the public online platform where all entrants submitted
their ideas and the ‘wildcard’ explanation at the Hack event.

IDEA

SUMMARY

Random Half
Cycle Dropper

The aim of this hardware and software design is to help match/
shape/trim domestic appliance instantaneous demand to local micro
generation, and also in case of grid frequency drop to provide fast
frequency response.

Dynamic Demand
Control for
Portable Electronic
Devices

Portable electronic devices (e.g. laptops, tablets) can easily be
transformed into ‘smart devices’ in terms of energy handling. First
of all, without any additional hardware or cost they already feature
built–in electricity storage (battery) and secondly they can exchange
information via the internet and perform complex algorithms. Imagine
the following scenario: in future we can all choose the energy settings
of our laptops; not only options for ‘long battery life’ or ‘high laptop
performance’, but also an option for ‘dynamic demand’, which enables
the mitigation of power fluctuations from time–varying renewable
energy sources and so contributes to stabilise the grid.

Integrating RES
by Dynamic
Scheduling

The idea is making professional energy device dispatching available to
the mass market. So each connected flexible device can be operated
according to energy generation from renewables.
This is done by innovative scheduling algorithms, compatible to most
of today’s flexible loads or energy generation devices. The B2B service
feeds e.g. smart grid–ready devices with an individually optimised
schedule via the internet. The schedule is telling the device when to
run – and when not. Thus, the complex task of deriving a demand–
driven schedule from weather and demand forecasts or energy market
developments is no market barrier any more.
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Make Demand
Response
Ubiquitous

The vision behind our idea is to make demand response ubiquitous,
allowing all connected devices to engage in demand response without
requiring user engagement, or the need for smart meter infrastructure.
The simplest use–case for this idea is to provide real–time grid
condition information via secure webserver to connected devices such
as desktop, laptops, smart TVs and other devices. This information will
allow devices to select the most appropriate consumption behaviour
for the given grid condition. The more advanced use–case is to
apply this technology to the next generation of larger loads such as
refrigerators, heating and other connected building systems.

WILDCARD –
Powercube

An ultra low–priced electricity tariff, with a capacity ceiling that is
hard wired into consumers’ electricity supply. A smart meter would be
installed in house, including a switch, which will feed from the capacity
limit that is fed from the smart meter. The Powercube will notify the
user via green, amber or red lights and also via text message when
they are utilising a surge of electricity. If a large amount of electricity is
used at one time, the house’s full electricity supply will cut out for 60
seconds as a warning/incentive for the user to be more wary of their
activity.

The remaining five Semi–Finalists were awarded Finalist status at the Hack event after a series
of pitches and debate with the judges. See pages 14 to 24 for more information on the Finalists’
ideas.
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FINALISTS (in their own words…)
Please note that this information is correct at the time of publication (June 2014) but Finalists’
ideas are progressing rapidly.

Hestia powered by Demand Shaper
Exergy Devices have a successful
history of innovation in domestic energy
management. Our smart heating control
project, WattBox, generated significant
IP for the company and was acquired
in 2011 by AlertMe, and now forms part
of Hive Active Heating, the British Gas
smart home device.
Our new product, Hestia, is a smart home controller specifically designed for electrically–
heated homes, and could save these households over £200 per year. Using our Demand
Shaper technology, Hestia implements a time–shifting algorithm to subtly alter domestic
heating schedules in a way which gives precedence to the consumer’s comfort but is able to
modulate electricity demand according to the needs of electricity suppliers, or National Grid.
Our technology offers clear financial, comfort, and convenience benefits to households while
providing a valuable service to our increasingly strained and vulnerable national power grid.

The Team
Dr Peter Boait: invented the Demand Shaper concept and originally entered this competition.
He founded Exergy Devices Ltd in 2006 as a consultancy and research company. He is also a
part–time Senior Research Fellow in the Institute of Energy and Sustainable Development at
De Montfort University. He is the named inventor on five patents relating to domestic energy
controls and management (GB2432016, GB2446530, GB2446972, GB2446418, GB2448896).
Dr Suyeon Kim: has developed the demand shaping application for storage heaters and is the
named inventor on two patent applications that are key to the practical use of the demand
shaping concept.
Dr Matthew Parsons: brings expertise in community energy and project management, and has
developed the code for the prototype evaluated in the Dynamic Demand competition.

Performance
The National Physical Laboratory found from analysis of our Hestia prototype and simulation
of its operation, a potential annual carbon reduction of 2.8–3.8 tonnes of CO2 per installation.
This results from an energy saving of 25 per cent giving the consumer a saving of £200 per
annum. By 2020 we can reasonably expect 60 per cent penetration of electrically heated
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homes, which by then will include one million heat pump homes. This will provide a peak
demand shifting capacity of 1.7GW – a level with real national impact. CO2 savings in 2020
will be up to four million tonnes per annum depending on the carbon intensity of electricity.
Hestia will cost about £200 to install so will rapidly pay for itself in reduced electricity bills.

For further details please contact Exergy Devices
Phone: 07740 644211
Email: peter.boait@exergydevices.co.uk
Address: Exergy Devices Ltd, East End Farmhouse, East End Road, Cheltenham GL53 8QE

Kudos energy challenges
Kudos™ demand response technology provides
distribution network operators with an alternative to
traditional transformer reinforcement (aka oversizing),
reduces low–voltage network losses and improves grid
stability where there are high densities of solar, electric
heat and vehicles.
Transformer and cables losses on the distribution
electricity network create 1.5 per cent of all UK carbon
emissions. Losses are highest on the low–voltage
networks around homes, highest during evening peaks
and highest where there are unbalanced loads from
electric heat, solar or electric cars.
We are applying highly–localised demand response as a losses reduction tool for distribution
network operators, aggregated at the substation level. The Kudos™ solution comprises:
1.

A demand response radio network providing last–mile communications into the home.

2. A robust incentive management platform based on substation analytics.
3. Kudos™ energy challenges – engaging domestic consumers to reduce losses and
support grid stability.
We flatten and balance loads around domestic substations to reduce network losses at the
point of greatest impact.

The Team
Clean Energy Prospector (CEPRO) is an advanced technology development company focused
on creating robust, cost–effective and above all simple solutions that help drive the growth of
renewable systems in the domestic market.
Damon Rand: Co–founder and head of product development, Damon is a visionary engineer
with an entrepreneurial background. He is a proponent of lean startup principles and worked
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as a developer and technology consultant for organisations such as Electricity Corporation of
New Zealand, NatWest Bank, Microsoft Europe and Amnesty International. He is passionate
about the potential for technology to benefit our environment.
Dr. Robbie Mouat: Co–founder and head of technology, with a PhD in Mathematics from the
University of Washington, Robbie brings strong analytical and problem solving skills to the
team. He worked at Microsoft and Markit, a global financial data company, where he was a
senior developer working on data gathering, analysis and reporting systems.
In addition to the founders, CEPRO has built an exceptional engineering team who has
worked together developing energy metering and monitoring projects for a diverse set of
energy customers including Scottish Southern Electric (SSE), Western Power, Powershop,
Centre for Sustainable Energy.
CEPRO currently employs six team members working 15 hours per week or more: Vojislav
Bandobranski hardware engineer, Marcus Valentine radio systems engineer, Chris Hatch web
developer, Mahesh Sutariya embedded systems engineer, Alan Senior embedded systems
engineer, Lisa Muller operations and administration

Dynamic Demand Impact
The NPL analysis of our models states that from 100 households, 155 ± 15 kg CO2e/year will
be saved. Without our interventions, the 100 households would each use about 9.2kWh of
electricity a day on average and generate about 167 tonnes of CO2e/year. So, the national
level savings amounts to about 0.1 per cent or 670 kWh per year.
The analysis completed by NPL did NOT include any variation in the distribution losses in the
network. However, as we have claimed above, the losses vary greatly over the course of a day,
and the difference this makes to the carbon factor is greatest during the local peaks which we
have sought to avoid
To maximise effectiveness, DR needs to be aware of local conditions. Matching DR to local peaks
in demand will be more effective both in reducing network losses and reducing carbon emissions.
Losses in the distribution network will vary from substation to substation due to local demand.
While the carbon factor of the grid can be calculated from the mix of generation. The carbon
impact of each electrical appliance will need to consider the losses in distribution networks.
Most of these losses are proportional to the square of the current through the wires and
transformers (‘copper losses’). And, most of the losses occur in the low voltage, local part of
the distribution network.
So, during local peaks in demand there are much greater losses than during national peaks.
Moreover, when combining grid carbon factor with the network losses, we find that this adjusted
carbon factor is less during the national demand peaks than during the local demand peaks.

Example
At 5pm on Wednesday, 20 November 2013 there is a peak in national demand. During this time, for
consumption around the Greenbank, Bristol substation, the total distribution losses on the network are
around 7.1 per cent. The local peak in demand is at 8pm, at this time the network losses are 8.4 per cent.
Any DR interventions will be more effective if it targets the local peak at 8pm, than if it targets the
national peak at 5pm. By 8pm the national peak has started to abate; if a DR intervention shifted load
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from 5pm to 8pm, then it would increase the local peak and require an additional 1.3 per cent more
electricity to be generated than if the load remained a 5pm.
During periods of average demand, the distribution network losses are 4.4 per cent (for urban and semi
urban network types; for rural and semirural, the losses are higher).

Potential Investors
The business requires an investment of £345,000 in the first two years. We anticipate half of these
funds will come from public support (innovation grants) and half from private equity financing.
With additional funding we will bring a business development role onboard to lead on
working with customers for the Kudos energy challenges service and help us set up and
operate a larger trial that covers a wide area of a city.

For further details please contact Clean Energy Prospector
Phone: 0117 2300048
Email: damon@cleanenergyprospector.com and robbie@cleanenergyprospector.com
Address: Clean Energy Prospector UK, Suite 21a, Easton Business Centre,
Felix Road, Bristol BS5 0HE.

Powervault
Powervault is seeking to disrupt the energy storage market
by developing and selling a consumer installable energy
storage device that lowers users’ electricity bills by 10–15 per
cent and reduces carbon emissions by changing the shape of
householder demand profiles, optimising time–of–use tariff
rates and reducing peak grid electricity demand.
The product is an integrated battery and control system
developed from our prototype design (for which we have
patents pending) with a target retail price of £800, achievable
due to the rapid price declines seen in commodity battery,
inverter and telematics components. Powervault will provide
additional revenue streams to its customers by providing
distributed storage services to utilities – e.g. peak load capacity
management, avoidance of distribution network upgrade costs
and reduction of CO2 emissions – via links into home Wi–Fi
networks. The product also provides benefits, either by being bundled as part of a small–scale
solar installation (creating a combined value proposition) or with its built–in emergency power
socket to provide consumer energy security.

The Team
Joe Warren: Managing Director. Joe previously worked for Open Energi, helping to bring
their smart grid dynamic demand product from concept to commercial reality and creating a
brand new market in which Open Energi arrived first. He also worked as Director of Hosting
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Operations at Pipex Plc looking after datacentre and power infrastructure. Joe holds a BA in
Experimental Psychology from Oxford University and an MBA from INSEAD.
Tony Duffin: Development Director. An engineer with over 20 years’ experience in the
energy and renewable sector and prior to that, a decade of design and development in high–
technology engineering environments. Previous experience includes AEAT and the Carbon
Trust, where he managed the Smart Metering and Micro–CHP Technology Accelerator field
trials. He also worked as Director of Engineering Strategy at the Energy Networks Association
and has been embedded in several startup companies. Tony holds a BSc in Mechanical
Engineering from the University of Birmingham, and is a Fellow of the IMechE and CEng.
Andrew Wordsworth: Co–Founder and Chairman. Former Managing Director of Carbon Trust
Enterprises with extensive experience in the low–carbon sector, Andrew has successfully
created and launched 12 low–carbon companies which have secured over £250 million in
equity commitments. At the Carbon Trust, Andrew contributed to several storage landscape
studies. Previous experience includes four years as a process control engineer with Esso
Petroleum. Andrew holds an MA and MEng in Chemical Engineering from Cambridge
University.

NPL Common Scenario and application to Powervault business plan
NPL has conducted independent measurement and modelling of the Powervault unit using a
model with default assumptions which suggests a saving of 30.65 tonnes CO2/year per 100
households in London in 2013, from our functional domestic energy storage device. Directly
applying the NPL estimate of 30.65 tonnes per 100 households to Powervault’s business
plan sales numbers suggests a total CO2 saving over ten years of 1.2 million tonnes CO2 in
our optimistic case, 0.5 million tonnes CO2 in our base case and 0.25 million tonnes in our
pessimistic case. These numbers are total tonnes of CO2 saved according to the following
graph.
In addition to the solar PV mode of operation investigated by NPL, in future Powervault will
be able to support the network by being controlled by the network operator to alleviate local
and national network problems.
Renewable generation occurring at the wrong place or time must be turned off or ‘curtailed’.
Imperial College, in its report, Strategic Assessment of the Role and Value of Energy Storage
Systems in the UK Low Carbon Energy Future, found that even in the high–cost cases,
deploying 3.5GW of storage is capable of more than halving the curtailment of renewables
from initially around 30TWh in the base case scenario to less than 15 TWh per year in 2030.
Using known carbon intensities, this suggests that storage enables annual emissions reduction
of 6–7 million tonnes CO2e by 2030. We estimate that Powervault devices could save 10 per
cent of this, bringing a potential additional benefit of up to 600,000 tonnes CO2 per year in
the longer term.

What kind of investment is needed?
Powervault has been successful in securing over £260,000 investment and grant funding to
date and is currently seeking £150,000 (SEIS approved) external funding to complete two key
milestones: successful field testing and achieving first revenues. Following the achievement of
these milestones, Powervault will be well positioned to secure funding of £1.5 million required
to reach operating profitability.
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BASE CASE MODEL
NPL Common
Scenario (30.65
tCO2/100) x
Powervault
Business case
unit numbers

OPTIMISTIC CASE MODEL

549,000 tonnes CO2
over 10 years

1,200,000 tonnes CO2 over
10 years

PESSIMISTIC CASE MODEL
256,000 tonnes CO2 over
10 years
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141,587 214,780 302,316 403,143

30.650

102

760

2,853

6,631

12,960

22,069

33,056

Base-case business plan

Optimistic business plan

For further details please contact Powervault:
Phone: +44 (0) 20 3582 0855
Email: contact@powervault.co.uk
Address: Powervault Ltd, 14, Marshalsea Road, London SE1 1HL

45,372

9
Year

10
Year

132,565 170,992

58,952

73,608

Pessimistic business plan
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thEnergy
thEnergy intends to dynamically manage the demand
on the grid using domestic heat pumps combined with
Thermal Accumulators. It will use aggregated Thermal
Accumulators to satisfy domestic demand for heat
when required while decoupling it from electricity
consumption and managing the grid side as an ESCO.
This model will enable thEnergy to provide National
Grid with Firm Frequency Response services as well as
utilising real time energy price fluctuations to generate
revenue.
Load Shifting with Renewable Heating will act as a virtual power plant providing dynamic
demand response and enabling seamless and instantaneous shifting of MWhs of electricity
(both by removing the load from the grid or by providing it on demand), reducing the need
for the provision of new power generation capacity, improving integration of renewables,
resilience and self–healing abilities of the grid and saving substantial amount of infrastructure
investment.

The Team
Mathew Holloway: Managing Director
Mathew has eight years’ experience as a founder of two previous high tech startups where he
has turned his ideas into desirable products and in turn seen them generate seven and eight
figure turnovers. For his last venture, Mathew led the company and developed an innovative
new cooling and ventilation system that reduced energy bills by 90 per cent. He secured
strategic sales and partners (e.g. Workspace PLC, Sainsbury’s, Laing O’Rourke, etc.); ensured
his products were CE marked and accredited by industry bodies, put in place the IP strategy
(to date four patents have been granted), before eventually leading the acquisition.
As part of this experience Mathew has successfully pitched and secured seed funding. He
has won a number of national and international design and business competitions, including;
CIFAL’s ‘Feel the Planet Earth’, HSBC’s ‘Start Up Stars’ and ‘The Good Entrepreneur’ shown
worldwide on CNBC Business and judged by a prestigious panel that included Reid Hoffman
(founder of PayPal and LinkedIn), Sir David King (previously Chief Scientific Advisor to the UK
government) and Jean–Phillippe Courtois (CEO of Microsoft International). His products have
won industry awards such as CIBSE’s Energy Using Product of the Year and most recently an
Ashden Award.
He was educated at Bath University (MEng First–Class Honours), Imperial College and The
Royal College of Art in Engineering and Design (Joint Masters, MA and MSc). His technical
background includes electrical and mechanical engineering, innovation mechanisms, intellectual
property, industrial design, controls and programming (vision, analytics and interfaces).
Mathew uses his software, electrical and mechanical skills combined with a systematic
approach to innovation to lead multidisciplinary teams and rapidly develop new products and
services. His motivation is to get new products into customer hands, capture data to prove
they work and put in place strategies for their commercialisation. His skills and experiences
allow him to break down and understand complex problems, identify who the various
stakeholders are, and put in place a plan that creates value for all parties.
Tom Lipinski: Executive Director
Tom has been the founder of a sustainable design practice, clean tech startups and is a
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dedicated inventor, having filed his first patent application at the age of 12. Tom is a no
nonsense character who believes in practical and commercially sustainable approaches to
tackling environmental issues (the renovation of his own home was featured in The Guardian).
Winner of more than 20 awards for product and sustainability innovation, including Inventor
of the Year (2011 Autodesk), Best Carbon Reduction and Best Sustainable Building Projects
(Energy Efficiency Awards), Tom is well–known in the sustainability construction industry.
Tom is experienced in technology development, academic collaboration, commercialisation
and securing government funding. He has raised seven figure sums for previous startups
through equity finance and grants.
Will Penfold: Technical Director
Will was also a Founder and Technical Director of Artica Technologies with Mathew, and
helped see this award–winning product through to market with him.
Will’s common sense approach combined with an attention to detail and broad technical
knowledge enable products to be brought to market with minimised risk. Will studied
Industrial Design Engineering at both Loughborough University (BA), and Imperial College/
Royal College of Art (Joint Masters MA and MSc).

Load Shifting Impact
A prototype thEnergy Thermal Accumulator was tested at NPL for storage capacity and
power profile. This device held 45.5Kg of Phase Change Material PureTemp 60, and had an
estimated storage capacity of 2.5KWh. The testing of the device at NPL really only scratched
the surface of the testing we would have liked to undertake, and possibly some of the
parameters were not those we had chosen, but it did, however, verify the storage capacity.
The thEnergy thermal accumulator successfully stored 3.5KWh of thermal energy, this was
higher than the estimated 2.5KWh as the test was run over a higher thermal range than initially
envisaged. The thermal accumulator displayed a maximum power of 3.8KW during charging
and 4.5KW during discharge.
The scenario agreed with NPL was for a 10KWh thENERGY thermal accumulator to be
combined with a Variable Capacity Heat Pump to serve the heating and hot water needs of
a three bedroom semi–detached house. This was then to be studied at a scale of 100 houses
(total 1MWh of storage) to determine load shifting and carbon reduction values.
The 10 KWh of thermal storage is to be charged every night at off–peak times to then be used
at peak times the following day. Using the Coefficient of Power (COP) of the heat pump the
number of electrical KWh shifted can easily be estimated. By using a Variable Speed Heat
Pump we are also able to take advantage of higher COP’s available when running the heat
pump at part capacity.
The COP’s of heat pumps vary through the year because of changing temperature differences
and so we look at each month individually when working out annual figures. Even using
standard heat pumps we see an annual load shift from peak to off peak of 1124.3KWhe for one
household or 112.4MWhe for 100 houses.

For further details please contact thEnergy
Phone: 02085601314
Email: tom@greenstructures.co.uk and mat@invea.co.uk
Address: Thames House, Swan Street, Old Isleworth TW7 6RS
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Upside
Upside operates a cloud–based service that
aggregates large fleets of small devices and
coordinates them into a ‘virtual energy store’
that can be used by the grid for demand–side
response.
Our service enables people to earn an income
by reducing their demand for electricity at peak
periods. By 2025, we aim to:
• Build a 290MWh energy store by aggregating
‘spare’ capacity in 145,000 batteries attached
to Solar PV arrays and Uninterruptible Power
Supplies (UPS) owned by SMEs and domestic
consumers
• Generate £14.3 million of revenue p.a., at an operating margin of 15–18 per cent, by using this
energy store to provide balancing services to National Grid and energy suppliers/traders
• Eliminate 7,100 tonnes of greenhouse gases p.a. from the UK’s electricity generation system
by shifting demand from peak to off–peak periods.
To do this, we will operate a cloud–based service that aggregates energy storage capacity in
devices such as Solar Photovoltaic systems, Uninterruptible Power Supplies, Electric Vehicles,
Heat Pumps and similar devices into a ‘virtual energy store’ that can be used by the grid to
balance supply and demand. This service will monitor and predict the state of the grid, and
hence schedule device charge/discharge cycles so as to avoid periods of peak demand and
make best use of cheap or low–carbon generation.

The Team
Dr Graham Oakes: Graham has 30 years’ experience as a software and systems engineer,
across industries including scientific computing, command and control, financial services,
telecoms and games. He has run an independent technology consultancy for over ten years,
working for clients such as Cisco, Intel, Skype, Vodafone and Greenpeace. He has also held
roles including Director of Technology for Sapient, and Head of Project Management for
Psygnosis. He holds a PhD from Imperial College, a first degree in Geophysics from the
University of Queensland, and is a Chartered Engineer and Fellow of the BCS.
Matt Potts: Matt has over four years’ experience as a computer programmer and has been a
director of Tripod Software since it was founded two years ago. Prior to that he obtained a
BSc (hons) and MSc in Computer Science from Lancaster University. He has experience in the
design, architecture, and construction of mobile and web applications.
Matt Fisher: Matt has over four years’ experience as a computer programmer and has been
a director of Tripod Software since it was founded two years ago. Prior to that he obtained
a BSc (hons) and MSc in Computer Science from Lancaster University. He has experience in
embedded programming, hardware design, algorithm design, and building mobile apps.
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We need to hire two additional people in the near term:
• Commercial Manager: This role brings understanding of the energy markets and regulatory
environment. They will build our commercial models, develop relationships and negotiate
contracts with our end customers (National Grid, aggregators, energy suppliers/traders).
• Partner Relationship Manager: This role brings understanding of device manufacturing and
markets. They will build relationships with manufacturers and similar channel partners, and
support them to sell Upside to their customers.

Actual ‘performance’ and ‘modelled’ application ‘common’ scenario
The full NPL report shows a saving of 1.639 tonnes of CO2 for the common scenario (100
households in London, with daily electricity usage of 50kWh). The following table shows our
own simple models of the common scenario.

DOMESTIC
SMALL
TOTAL
		
BUSINESS
200

Number of Upside service customers

100

100

Battery capacity attached to PV array/UPS (kWh)

8

3

Per cent allocated to Upside

50%

20%

Power usage at time of Fast Reserve despatch (kW)

2.0

2. 5

Demand shifted during 15 min Fast Reserve event (kWh)

0.50

0.60

Demand shifted by all customers, per event (kWh)

50

60

Carbon saving per kWh shifted (kg CO2)

0.455

0.031

Total carbon saving per Fast Reserve event (kg CO2)

22.8

1.9

Number of Fast Reserve events per annum

72

72

Total Annual Carbon savings (kg CO2)

1639

134

1773

Savings per customer per day (kg CO2)

0.045

0.004

0.024

110
24.6

It should be noted that these savings will be amplified substantially by our impact on the
markets for green devices such as battery storage for PV arrays and electric vehicles. By
providing an increased financial return for device owners, we will help expand the markets for
such devices dramatically. The scale of these benefits is demonstrated by Sharp’s estimate
that Upside might enable them to sell 17,000 battery systems for PV arrays in the UK by 2020.
The above calculations, of our direct savings from demand shifting, do not include the impact
of this amplification.
Our key assumptions behind these estimates are:
• Domestic customers have an 8kW battery attached to a PV array. Their power use at time of
a Fast Reserve despatch is 2.0kW (their average usage). The main constraint on the amount
of demand they shift is length of the Fast Reserve event – they have more than enough
battery capacity to go ‘off grid’ for 15 minutes (National Grid’s specified length for the Fast
Reserve service).
• Businesses have a 5KVA UPS (as tested by NPL) that is 50 per cent loaded at time of a
Fast Reserve event, slightly above their average power usage but not excessively so. (If the
UPS is protecting systems for eIcommerce, this would reflect the evening peak on many
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eIcommerce sites.) The main constraint on the amount of demand they shift is battery
capacity – they only have enough capacity (within the 20 per cent max depth of discharge
Upside imposes to protect battery life) to go ‘off grid’ for about 14 minutes.
• Fast reserve events happen when the grid is under high stress. At such times, it is likely
to have already despatched much of its older, less efficient generation capacity, so it will
be operating at close to a peak of carbon intensity. We therefore assume Fast Reserve
despatches happen during either a half–hour period of peak carbon intensity or one of the
adjacent periods either side. We calculate the grid’s carbon intensity for this despatch as
being the average of these three periods (based on the data provided by NPL). Across the
72 largest peaks in 2013, this averaged 0.528 kg CO2 per kWh.
• Batteries attached to PV arrays allow zero carbon energy stored earlier in the day to be
used during each Fast Reserve event, thus they generate an average carbon saving of 0.528
kg CO2 per kWh. We have then adjusted this figure to 0.455 kg CO2 per kWh in order to
calibrate our calculations to NPL’s.
• UPS batteries must be recharged within 12 hours in order to ensure that (a) their primary
mission is not compromised, and (b) they are available for future Fast Reserve events. We
therefore direct them to recharge during the five half–hour periods surrounding the next
minimum period of grid carbon intensity within 12 hours of the Fast Reserve event. For the
72 notional Fast Reserve events in the 2013 data (see above bullet), the average carbon
intensity across these five periods was 0.031 kg CO2 per kWh, less then that at the previous
peak (as calculated by averaging the three half–hour periods about the peak, as above).

What kind of investment is needed?
We are offering 25 per cent of the company in return for an equity investment of £150k.
This will provide matched funding for grants (e.g. via TSB or Horizon 2020) to help us
develop a pilot of the Upside platform. It will also help us fill key gaps in our team (in Partner
Relationship Management and Commercial Management), and to develop our IP and open
innovation strategy.

For further details please contact Upside:
Phone: +44 (0)7971 546288
Email: graham@grahamoakes.co.uk
Address: Graham Oakes Limited, 64 The Crescent, Northwich, Cheshire CW9 8AD
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NPL MODELLING
The National Physical Laboratory’s Centre for Carbon Measurement role was to provide an
independent final impact assessment. This included physical testing, where possible, from
various teams at NPL including the Electrochemistry and Electromagnetic Technologies Groups,
and a modelled carbon savings potential, which would provide a measure of impact of the
prototypes that the Finalists produced and was done by the Mathematics and Modelling Group.
The Finalists were in conversation with NPL scientists during the development and prototyping
phase of the Challenge to determine which showed greater variance in the technology readiness
levels and meant that the main point of comparison would be a modelling framework that
would be used to measure impact in shifting demand and reduction in CO2. As each entry is
significantly different in approach, a common scenario was established, so that calculations
could be compared. This common scenario entailed the following basic information:

Common scenario
• Spatial scale: Modelled household/small business group – 100 units.
• Temporal scale for carbon savings: CO2e over a year (2013).
• Location: London.
• Energy use: Households and SMEs with daily electricity usages of up to 50 kWh.
The model also took into account some more particular information for each team (e.g. product
specifications from equipment used in the entry) and further included actual measurement data,
where available, from physical measurements done at NPL.

NPL assessment team:
Dr Valerie Livina (lead author)
Eng Tseng Lau (PhD student, mathematical modelling)
Dr Paul Clarkson (electrical measurements)
Dr James Hesketh (thermal measurements)
David Knight (radio measurements)
Marieke Beckmann (internal reviewer)
Dr Gareth Hinds (internal reviewer)
Hugh Davies (technology consultant)
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Hestia powered by
Demand Shaper
Hestia is a smart home controller specifically designed for
electrically–heated homes, and could save these households
over £200 per year. Using Demand Shaper technology, Hestia
implements a time–shifting algorithm to subtly alter domestic
heating schedules, modulating electricity demand according to
the needs of electricity suppliers, or National Grid.
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WINNING QUALITIES
Here are a few of the reasons why Hestia is a winner!
• Hestia achieved the most significant
shift in demand and demonstrated
the potential for the largest carbon
emissions reductions of all the entries
based on model testing with NPL.
• The product has a solid research
foundation which has appropriately
informed its development.
• They have two patent applications
pending.
• It’s innovative because it potentially
creates a whole new market and
establishes the potential for a new
tariff regime.
• The solution is targeted at more
vulnerable consumers who are likely
to be on lower incomes, an area where
innovations are needed the most.
• There is good payback potential for
consumers.
• The team demonstrate a good
understanding of the market.
• The longer–term vision for the
technology takes into account future
increases and variety of electrification
and can be adapted to respond in new
areas such as EV, which increases its
potential for sustainability and scale.
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THE JUDGING PANEL
Helen Goulden, Nesta, Chair of the panel
Helen is Executive Director of Nesta’s Innovation Lab, where she
oversees the design and delivery of programmes to test new models
for supporting and scaling social and environmental innovation with a
particular focus on digital and open innovation.
This work includes the Centre for Challenge Prizes, Creative Economy,
Digital Education and our work to increase charitable giving.
Before joining Nesta, Helen worked in the private sector developing
digital strategies and solutions for global corporate clients. She spent
five years consulting in the Cabinet Office, Office of the Deputy Prime
Minister and Communities and Local Government, developing national
innovation programmes for local government and leading research and
product development for interactive television services.

Jane Burston, NPL
Jane is Head of the Centre for Carbon Measurement based at the UK’s
National Physical Laboratory (NPL).
Previously Jane was Founder and CEO of Carbon Retirement, a social
enterprise reforming emissions trading and carbon offsetting. In 2011
she was named in Management Today’s ‘35 high–flying women under
35’ list and as Square Mile magazine’s ‘Social Entrepreneur of the Year’.
Jane has been selected as a World Economic Forum Young Global
Leader, alongside numerous Professors, Ministers and business leaders
from around the world.

Peter Childs, Imperial College
Peter Childs is the Professorial Lead in Engineering Design at Imperial
College London, having taken up this chair in 2008 and leads the
Design Engineering group.
His interests include the application of creative tools; mechanical and
product design; desalination; sustainable energy component, concept
and system design. He was formerly the director of InQbate, the HEFCE
funded Centre of Excellence in Teaching and Learning in Creativity,
director of the Rolls–Royce supported University Technology Centre
for Aero–Thermal Systems and a professor at the University of Sussex.
His role at Imperial involves being the joint course director for the
Innovation Design Engineering degree at the Royal College of Art and
Imperial and working with Design London.
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Neil Hughes, National Grid
Neil is Head of Technology for National Grid. As an Electrical Engineer
with nearly 30 years’ experience in industry in a variety of technical,
strategy and business development roles, he has detailed knowledge
of the energy sector and the challenges facing the industry in
securing a low–carbon future in a safe, reliable and affordable way. His
particular interest in identifying and supporting early–stage disruptive
technologies/companies that can transform the energy sector.
Neil began his career as an apprentice electrician with British Nuclear
Fuels before completing his Bachelor’s degree in Electrical & Electronic
Engineering at the University of Leeds. A number of positions followed
in the defence and energy sectors including roles at the Ministry of
Defence, MANWEB and GEC–Marconi. His career at National Grid has
seen him hold roles as IS Manager, Group Strategy Manager and an
overseas position in South America with a telecoms Joint Venture.
Neil is a Chartered Engineer, a fellow of the IET and sits on a number of
advisory boards in the UK and US. He also has a number of positions as
advisor to promising startups, helping them develop their technologies
and target the right markets.

Fiona Cochrane, Which?
As Energy Policy Team Leader at Which?, Fiona works to ensure that
the domestic energy sector delivers for consumers, and that the right
balance is struck between security, affordability and sustainability of
energy suppliers to meet all consumers’ immediate and future needs.
Fiona’s background was in science policy and business development.
After completing her PhD at Oxford she worked for Cancer Research
Technology identifying and developing research with therapeutic
potential, before moving to Cancer Research UK to focus on science
policy.

Dr Jeff Hardy, Ofgem
Dr Jeff Hardy is Senior Manager, Sustainable Development in the
Sustainable Energy Policy team at Ofgem where he focuses on
electricity distribution price controls, innovation, UK low–carbon
energy scenarios, low–carbon heat and climate change adaptation.
Previously he was Knowledge Exchange Manager at the UK Energy
Research Centre and Future and Emerging Opportunities Manager
at the Energy Generation and Supply Knowledge Transfer Network.
Before that he has been Environment and Energy Policy Manager
at the Royal Society of Chemistry, an academic working on Green
Chemistry, a water analyst and a research chemist in a nuclear
laboratory.
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Paul Hollinshead, DECC
Paul has been in the civil service for 26 years. During that time he
has worked in policy areas as the head of analysis, or a team director
developing policy based on evidence. He has been a senior manager
for the delivery of, or a customer for, large R&D programmes up to
£600 million per year. He has been in teams, or led the development
of departmental and national S&T strategies. He has also had many
years of experience as a Programme Director or Senior Responsible
Owner, (SRO), for large and complex procurement projects.
Paul joined DECC in September 2010 as the Director of Science and
Innovation. He is currently the deputy of the Chief Scientific Advisor of
DECC, Professor David Mackay F.R.S. He is the senior responsible owner
(SRO) for DECC’s R&D and energy innovation programmes.

Ian Ellerington, DECC
Ian Ellerington is the Head of Innovation Delivery at the Department
of Energy and Climate Change (DECC). In this role he is responsible
for the department’s £160 million Energy Innovation budget. He joined
DECC from KBC Advanced Technologies, a leading energy and process
consultancy in the oil and petrochemicals industry where he worked
internationally for clients on organisational improvement projects.
Ian is an Engineer who graduated from Cambridge University with an
M.Eng. in Manufacturing Engineering in 1993. His early career was spent
working on Gas Turbine engines with the Ministry of Defence before
moving to project management at QinetiQ where he was responsible
for the commercial arrangements and delivery of the large test
programmes. He left QinetiQ to join Meggitt Defence Systems as UK
General Manager where he set up and ran a new manufacturing plant
for aerospace products. Ian brings an enthusiasm for technology, an
understanding of manufacturing together with the drive and experience
to get things done.

Andrew Burford, Climate–KIC
Andrew has 25 years’ experience working as both an entrepreneur
and senior executive in high–growth technology–based businesses. He
has been involved in many startups and three successful stockmarket
listings (two NASDAQ and one LSE). Prior to joining Climate–KIC,
Andrew ran a Cleantech consulting practice from Oxford in the UK. He
worked with ventures in the Carbon Trust Entrepreneurs Fast Track
programme, with IP generators and worked with a number of leading
universities to help develop IP portfolios. He has also consulted with
early–stage business incubators on all aspects of business planning.
He currently works as the Entrepreneurship Lead for Climate–KIC UK.
In this role he manages the Climate–KIC Acceleration programme and
leads a team that provides support to a diverse portfolio of climate
related ventures.
He has a BSc, Joint Honours in Theoretical Mechanics (Mathematics
and Engineering) from Nottingham University.
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Tim Bradley, National Grid
Tim Bradley has 25 years’ experience in the energy industry. He
currently leads the horizon scanning efforts within the corporate
Group Strategy function at National Grid. In this role, he identifies
emerging transformational and disruptive type technologies and
evaluates the business opportunities and challenges they present.
Following a degree in Chemistry and a Doctorate in Applied
Biochemistry Tim began his career as a research scientist at Albright
& Wilson before joining British Gas R&D where he worked for almost
a decade on Oil and Gas Exploration and Production technical issues.
A number of positions followed in Lattice Group and National Grid,
including roles as an IS Project Implementation Business Lead and a
Senior Commercial Analyst.
Tim is a Chartered Scientist and a Chartered Member of the Royal
Society of Chemistry, sits on the advisory board of a US–based
technology incubator and manages National Grid’s sponsorship
activities for several US–based technology incubators/accelerators.

ENDNOTES
1. Electricity Capacity Assessment Report 2013 by energy regulator Ofgem: https://www.ofgem.gov.uk/ofgem–publications/75232/
electricity–capacity–assessment–report–2013.pdf
2. This relates to cash awards of £10,000 to five Finalists and a final award of £50,000 to the winner of the challenge. Non–
financial support was also provided in the form of impact measurements from NPL and business development from Imperial
College London.
3. http://www.nesta.org.uk/sites/default/files/the_challenge_of_shifting_peak_electricity_demand.pdf.
4. http://www.nesta.org.uk/publications
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