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SMART METERS

The installation of smart meters in every 
home in the UK is coming closer to reality.  
The government is reviewing its original 
target for completion by 2020 and may 
bring it forward.  The technical, logistical, 
commercial and legal challenges are being 
addressed and roll-out could commence 
as soon as 2012.  John Scott of KEMA 
Consulting outlines what needs to be  
done to enable this to happen. 

In May 2007, the UK 
government’s white paper 
Meeting the Energy Challenge 
started a commitment to 
replace nearly 50 million gas and 
electricity meters in 27 million 
homes and two million non-
domestic premises.  The roll-out, 
scheduled from 2012 with a 
target for completion by 2020, 
will allow the UK to meet EU 
targets for 80% of households to 
have smart meters by 2020. 

This is seen as a key 
component of wider policies 
for the low-carbon economy, 
energy efficiency, modernising 
the electricity grid and providing 
consumers with information 
and choice over energy.  Under 

the plans, each home will have 
new ‘smart’ meters for gas and 
electricity: in some European 
countries there would also be 
meters for water and heat. 

A smart meter is essentially 
a meter with communications 
technology.  Smart meters can 
provide continuous two-way 
communication between the 
energy supplier and the energy 
user, enabling both to make 
informed decisions about supply 
and usage. Providing up-to-
date information on energy 
consumption would enable 
more sophisticated pricing 
mechanisms, time-based tariffs 
and peak load management. 
Equipping all consumers with 

smart meters is an ambitious 
project: preparations are now 
at an advanced stage, with the 
government and the energy 
regulator, Ofgem, finalising details 
such as the specifications of the 
meters.  Once these details have 
been established, there will need 
to be a significant programme of 
manufacturing and installation 
to replace 25 million electricity 
meters and 22 million gas meters.  
Over a five-year period this would 
equate to nearly 200,000 meters 
being installed per week.

Smart meters will be an 
important step towards the 
development of a ‘smart grid’, 
delivering improved network 
efficiency and responsiveness 
to changes in demand, along 
with the ability to balance 
energy from fluctuating 
renewable sources, such as 
wind farms.  Definitions vary, 
but the European Technology 
Platform defines smart grids 
as: “electricity networks that 
can intelligently integrate 
the behaviour and actions 

of all users connected to it - 
generators, consumers and 
those that do both – in order to 
efficiently deliver sustainable, 
economic and secure electricity 
supplies”. 

RELEVANCE TO 
CONSUMERS
Today the only information 
energy consumers receive 
regularly is via a bill that may 
arrive months after they have 
consumed the energy: even 
then it may be an estimate.  
Smart meters can provide 
consumers with real-time 
information about energy use, 
enabling them to monitor and 
manage their consumption. 

The ability to see how 
household power demand 
varies as users turn devices on 
and off will help consumers 
to reduce their electricity 
consumption.  This information 
can be broken down by time 
of day, so the user can spot 
anomalies when consumption 
is higher than expected.  Similar 
usage data can be generated 
for gas consumption, potentially 
alerting the user to an inefficient 
boiler or heating setting (see 
panel titled New Features).

Trials indicate possible 
reductions of 5-10% in home 
energy use.  Government 
estimates suggest that smart 
meters could save over 
30 million tonnes of CO2 
emissions over a 20-year period 
as people become more aware 
of their energy use.  Households 
account for 26% of the UK’s 
energy use and CO2 emissions, 
with an estimated £900 million 
of electricity wasted each year 
simply as a result of appliances 
being left on standby.  Smart 
meters would enable consumers 
to pin down such wastage.

The technology is intended 
to help consumers take 
advantage of many of the 
developments of the energy 
market of recent years, such as 
the wide range of alternative 
suppliers and increasing number 

SMART METERS

The Ontario Energy Board had a target to deploy smart meters to all homes and small businesses (small ‘general service’ customers under 50 kW demand) 
throughout the province by the end of 2010.  In this picture a consumer views their online usage and utility screen connected to an electric smart meter.  This 
consumer is choosing the temperature for his house and which lights should be on or off at different times of the day © AP Photo/The Canadian Press, JP Moczulski

CO2 EMISSIONS IN UK HOMES
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ECONOMIC CASE
Ofgem has produced a prospectus that contains a cost benefit 
analysis for two different policy options: an option called ‘full 
establishment’, which envisages the roll-out of smart meters 
when the central communication systems are in place; and a 
second ‘staged implementation’, where meters are installed  
before the central communications are set up.

The cost benefits of the two options are similar.  Capital 
costs, installation and operating costs amount to £5.5 billion, 
communications cost £1.9 billion; while legal, set-up, IT, disposal, 
energy and pavement reading inefficiency costs amount to 
£1.7 billion.  This brings the total cost to £9.1 billion.

The total benefits amount to £14.1 billion and include 
£6.4 billion for consumers, made up mostly of energy savings 
(£4.2 billion) and sensible changing of tariffs (£1.1 billion).  Benefits 
to energy suppliers amount to £6.3 billion and include avoided 
meter reading (£2.6 billion) and reduced inquiries and customer 
overheads (£1.1 billion).  This results in a net gain of £5.0 billion.  
For consumer energy bills, there will be a small increase around 
2015 (about £9 for dual-fuel customers) after which bills will 
decrease again compared with what they would have been.

There are many views and counter arguments about the 
projected costs and benefits.  Neither will be known for certain 
for some time, but there is no doubt that the benefits ought to 
be weighed taking the wider points described in the article into 
consideration.  Putting a value on the carbon saved for example 
would considerably reinforce the business case.

Source: Energy Saving Trust
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SMART METER SET-UP
The smart metering system architecture, as proposed in Ofgem’s Smart Metering Prospectus, comprises 
physical technology, such as meters and communications hardware, and ‘logical’ technology, software 
in the meter and protocols.  Some elements have mandated scope, while other elements are open to 
the market to develop.  The figure illustrates this architecture.

In the UK, domestic electricity and gas meters are normally installed in inconvenient places – 
perhaps under the stairs or in an outside cabinet.  Their position does not encourage householders to 
monitor their energy consumption.

To overcome this, the new architecture will include an In Home Display (IHD) that could be a 
separate unit or could communicate via the TV, computer or mobile phone.  Links to these devices 
and to intelligent appliances will be over a short range in-home communications network.

Long range communications will be via a wide area network (WAN) connecting the home area 
network (HAN), the centralised DataCommsCo and third parties, such as aggregators, network 
companies, energy service companies and suppliers.

The architecture allows for multiple communication technologies such as wi-fi, DECT (the Digital 
Enhanced Cordless Telecommunications used in wireless domestic telephones), Bluetooth or home 
power line communication for the HAN and cellular, Power Line Carrier and radio for the WAN.  The 
architecture is ‘future proofed’, meaning that communication modules can be upgraded or replaced 
without the need to replace the entire meter or HAN.

of suppliers.  Smart meters 
mean individual consumers can 
compare and contrast what is 
on offer more simply, as well 
as doing ‘housekeeping’ tasks 
such as changing their payment 
methods. 

Smart meters are also a 
key enabling technology in 
developing and delivering 
home automation.  The idea 
is that consumers’ own smart 
appliances will communicate 
with the smart meter and run 
more economically when prices 
are advantageous. 

For example, in future a 
smart dishwasher might offer 
the choice of ‘run now’ (with 
the consequence of paying 
premium energy prices), or ‘run 
before the morning’ (where 
the automation will access the 
lowest price period overnight).  
This type of approach has 
attractions where energy use 
can be time-shifted and would 
be particularly relevant for 
electric vehicle charging.

LIKELY SCENARIO
In the UK energy suppliers, 
rather than network companies, 
will be responsible for the roll-
out of the meters at a cost of 
about £300 per household.  
The suppliers will recoup the 
cost from customers through 
higher bills or upfront fees.  
Competition between suppliers 
is expected to ensure that only 
some of the expense is passed 
on to the consumer.  The 
companies stand to make big 
cost savings themselves, with 
the need for teams of meter 

readers becoming a thing of the 
past and many fewer disputes 
over estimated bills. 

Smart meters enable more 
detailed information about 
individual and local energy 
habits to be gathered.  They offer 
the potential for true interaction 
between suppliers, network 
companies and customers.  
Energy companies would be 
able to tailor services to meet 
individual needs and network 
companies could aggregate 
demand response services to 
manage network flows and 
achieve national balancing  
more cost-effectively. 

The national balancing of 
supply and demand could be 
assisted by aggregated demand 
response, perhaps increasing 
demand to make use of surplus 
clean energy if, for example, 
the wind is blowing more than 
expected for a period during 
the day.

Smart meters and smart 
grids can be key enablers for 
connecting more low-carbon 
generation, including micro-
generation at household level, 
to the distribution system. They 
will also enable cost effective 
grid balancing as more variable 
generation comes onto the 
system.  By enabling better 
management of supply and 
demand, smart meters can also 
reduce the investment needed 
in network and generating 
plants to meet new demands 
for electric vehicles and heat 
pumps.  Finally, smart meters 
will provide opportunities for 
engaging with consumers 
to create greater energy 

awareness, energy efficiency, 
and participation in demand 
response services.

TECHNOLOGY 
DEVELOPMENTS
It is evident that the smart 
meter project is about a lot 
more than ‘boxes on the wall’.  
It will need comprehensive 
national data communications, 
data storage and processing, 
and design at every level 
to ensure interoperability 
of different products, data 
protection, and cyber security.  
Software will also be an 
important ingredient in the 
technology of smart metering. 

This is a rapidly evolving 
field.  Thus there is a need 
for ‘future-proofing’ to meet 
developments such as 
enhancements to performance 
specifications or for cyber 
security, or to accommodate 
new developments such as 
local energy storage. 

While the benefits may be 
easy to spot, the complexities 
are also becoming apparent.  
The challenges span the whole 
energy supply chain, with 
costs and benefits falling on 
independent parties, and it all 
has to be implemented within 
the framework of a privatised 
sector that is no longer 
centrally planned.  Effective 
functionality will require a 
systems approach to ensure 
the seamless operation of 
sensors, data communications, 
data management, home 
appliances, electric vehicles, 
and commercial aggregation 

services – whereby smaller 
demand response or power 
providers may be aggregated 
across multiple sites. 

Concerns for data privacy 
and cyber security need be 
addressed.  Smart meters can 
be used to assign a power limit 
to a property, or to turn power 
on and off remotely, to ensure 

safe management of empty 
premises, for instance.  Some 
of these elements will need 
regulatory review, in the same 
way that there are safeguards  
to ensure that cutting off  
energy supplies to consumers  
is a last resort. 

There are also technical 
challenges: failure to achieve 

open systems resulting 
in a lock-in to particular 
manufacturers; smart meters 
and communications that 
do not in reality provide the 
platform for smart grids; and 
technology interfaces that act 
as a barrier to groups such as 
the elderly, the disabled, as well 
as busy people, and result in 

NEW FEATURES
The UK’s draft smart metering implementation programme 
prospectus proposes these standard features for smart meter 
systems: 

 remote provision of accurate reads/information at half-
 hourly periods

 four quadrant measurement (real, reactive, import, export)

 two-way communication to and from the meter 

 a home area network based on open standards and protocols 

 support for a range of time-of-use tariffs 

 load management capability to deliver demand response 

 the ability to turn supply on and off remotely 

 remote switching between payment modes

 alarm and alert functions

 the capacity to communicate with a micro-generator. 

The prospectus does not specify the technology needed or 
communication options, but requires the ‘future proofing’ of the 
design to enable upgrades or replacement of technologies, for 
example by modularity and firmware download capabilities.

The ecoMeter Home LCD In Home Display screen (used widely in Australia) 
contains current energy usage data, greenhouse gas emissions information 
and the last one hour demand.  It can also provide an estimated current 
month total energy cost as well
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them being denied access to 
the best commercial deals. 
Addressing these issues will 
take the traditional energy 
sector into uncharted territory, 
requiring new skills, techniques 
and relationships.  This 
interdisciplinary challenge  
must combine skills from 
science, engineering, sociology, 
product design, and human/
computer interfacing (see   
Smart Meter Set-Up).

PUBLIC 
ENGAGEMENT
The government has presented 
an economic case for smart 
meters and smart grids (see 
Economic Case).  However, 
there is more to consider than 

understand the issues and are 
willing to communicate their 
knowledge.

Smart metering deployment 
will benefit from support from 
both within the project and 
without.  It will need intellectual 
fire power, excellent R&D in 
technical, commercial and social 
aspects.  Considerable gain could 
come from the active support 
of individuals, institutions and 
organisations.  Smart metering 
could be a helpful way to start 
to raise public awareness of the 
need to move to a low-carbon 
energy system. 

The challenges are not 
insignificant, but the rewards for 
success are high.  Smart grids, 
supported by smart meters, 
represent the biggest changes in 
energy management in the UK 
since the national grid system 
was introduced.  The tasks are 
complex and multidisciplinary, 
but the benefits of securing 
cleaner energy supplies at lowest 
cost are potentially far reaching.  
Indeed, smart meters underpin 
the success of the government’s 
low-carbon agenda.

INTERNATIONAL ExPERIENCE
Smart metering and smart grids are high on international 
energy agendas.  Last October, for example, the Obama 
administration announced a grant of $3.4 billion for energy grid 
modernisation.  This will be matched by industry to create a 
fund of more than $8 billion.

Smart electricity metering has been implemented nationally 
in Italy (ENEL had deployed smart meters to 27 million customers 
by 2005).  Sweden and Finland had implemented smart meters 
by 2009 and deployment is in progress in Victoria, Australia 
(2.6 million by 2013).  In these examples the focus is smart meters 
and customer interfaces, but not wider smart grid opportunities.

In the UK the Energy Demand Research Project is investigating 
consumer response to improved feedback on energy use.  Over 
47,000 households are taking part and a further 16,000 households 
form control groups.  Around 17,000 households had both gas 
and electricity smart meters installed.  Interim findings have been 
published by Ofgem and the trial will complete in March 2011. 

While the above developments are encouraging, there have 
also been some significant difficulties revealed internationally.

For example, in the Netherlands in 2007, the government 
proposed that all 7 million households of the country should have 
a smart meter by 2013.  In 2009 the Dutch government had to 
back down after consumer groups raised fears about data privacy.

In the US, concerns have been raised in regard to possible 
health effects, the social impact of Time of Use tariffs, and 
confusion arising from increased energy bills (in fact due to 
wholesale market price changes but blamed by consumers on 
their smart meters).  An overall message here is the importance  
of information and explanation to customers from the outset.

Understandably, there are 
sceptics, and there are 
those who, for a variety of 
reasons, resist change. The 
move to smart meters and 
smart grids is, however, 
evident at an international 
level.  Demonstration and 
implementation are being 
pursued actively across the US, 
China, South Korea and Europe 
– Italy has already installed more 
than 30 million smart meters, 
for example.  Early experience 
has been positive but it also 
reinforces the importance of 
excellent project management 
– and of winning the hearts and 
minds of customers and the 
wider public. 

This is arguably a landmark 
development, a first step 
towards a new energy system 
and one in which consumers 
will be active participants for 
the first time.  Support from 
the engineering and science 
community would be valuable 
indeed.

a simple business case.  Many 
people, perhaps most, neither 
understand nor are interested 
in how energy reaches them.  
While energy supply is crucial to 
society, and interruption brings 
immediate disruption, users take 
it for granted.  Consequently 
the developments led by smart 
metering are not feasible if 
consumers reject the idea.

While this does not mean 
that the public have to become 
enthusiasts, there needs to 
be a willingness to bother, a 
curiosity to find out more, and 
appreciation of the benefits of 
home automation and smart 
appliances.  The media, wider 
government and schools will 
be key influencers, as will be 
engineers and scientists who 

Demonstration and implementation are 
being pursued actively across the US, China, 
South Korea and Europe.
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Self-healing concrete could 
solve the problem of concrete 
structures deteriorating well 
before the end of their service 
life.  Concrete is still one of 
the main materials used in the 
construction industry, from 
the foundation of buildings to 
the structure of bridges and 
underground parking lots.  
Traditional concrete has a flaw,  
it tends to crack when subjected 
to tension. 

A healing agent that works 
when bacteria embedded in 
the concrete convert nutrients 
into limestone has been under 
development at the Civil 
Engineering and Geosciences 
Faculty in Delft since 2006.  
The project is part of a wider 

Mineral-producing bacteria have been 
found that could help mend micro-cracking 
in concrete.  Dr Henk Jonkers, a micro-
biologist at Delft University, talked to 
Ingenia about research developments in 
producing bioconcrete that could bring 
benefits for civil engineering projects.

SELF-HEALING CONCRETE
programme to study the  
self-healing potential of plastics, 
polymers, composites, asphalt  
and metals as well as concrete.

Dr Henk Jonkers, a 
microbiologist who specialises 
in the behaviour of bacteria in 
the environment, has developed 
self-healing concrete in the 
laboratory and full-scale outdoor 
testing will start in 2011.  The 
first self-healing concrete 
products (successful research 
results permitting) are expected 
to hit the market in two years’ 
time and are expected to 
increase the lifespan of many 
civil engineering structures.

Jonkers has worked closely 
with civil and structural 
engineers to learn about the 

Dimitri Sorokin taking samples from the Russian soda lakes.  The bacteria used for developing self-healing concrete have come from such high alkaline natural sources
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