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Time of Use
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Summary
Changing the current energy markets into more efficient and flexible markets not only
implies improving the capacity and flexibility of the grids, it also implies a diversity of the
traditional top-down approach in the energy system. Integration of more decentralised
generation and of consumers which are developing into consumer-producers requires
modernising of the role of the Distribution Systems Operators (DSOs). Demand Side
Management (DSM) has a major role in the electricity industry and has opened up new
avenues for all energy stakeholders to participate in grid optimization within the framework of
ongoing smart grid activities while improving system’s reliability and reducing price volatility.
This report explores the lessons learnt, the understanding and the experience gained from
the case study of Cyprus, in an attempt to create policies and guidelines for optimally planning
the future smart grid where both participating energy stakeholders and end-users can benefit.
Sharing operational experience can strengthen the capacity and technical know-how of policy
makers and energy stakeholders around the world.

Lessons Learned from the Pilot implementation of Time of Use tariffs
To evaluate the impact of DSM on residential consumption, a real pilot-implementation of
time-varying electricity rates was performed for the case study of Cyprus. The development of
a DSM scheme can be divided into three main stages: planning, implementation and
evaluation. All three stages are designed to incentivize customers to change their electricity
consumption pattern, both with respect to the timing and to the level of demand and energy.
A number of the major lessons learned in the process of developing and deploying timevarying tariffs with national rollout potential are discussed in the following sections.
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1

Planning Stage

This stage typically assesses the load profile of the consumer base under the prevailing
tariff and identifies the hours contributing to the load shape and specifically peak demand.
Typically, the data collection process is carried out by installing Smart Meters (SMs) at all
households and is conducted for at least one year. An understanding of end-users load profiles
helps identify end-use options that offer maximum DSM potential. Based on the results of the
load research, power utilities can define the load shape objectives for the current situation.
This step helps in identifying and developing the right price-based DSM scheme (Critical Peak
Pricing -CPP, Real Time Pricing - RTP, Time of Use - ToU tariffs) that can be potentially
targeted to reduce peak demand.

1.1

Smart Meters

A crucial precondition to work with time-varying rates is the presence of SMs. The current
EU directive stipulates that a European roll-out of 80% of the SMs by 2020 is the preferred
policy (Directive 2012/27/EU). To implement such policies, the installation of SMs is
mandatory for more frequent metering of the energy consumption patterns that enables
tailored feedback which takes account of the particularities of the household and raises
consumer awareness.
During the planning stage of a price-based DSM scheme, SMs must be installed at the
consumers’ premises. Besides collecting consumption data for monitoring and billing
purposes, SM can be used for collecting more technical type of data. This data can be used
to detect weaknesses or challenges within the network, and therefore be used to do both
short-term grid management operations and more long-term decisions on grid reinforcements.
Such services rely on the fact that this data is at the disposal of the service provider in a
timely manner. General Packet Radio Service (GPRS) communication has proved to be a
reliable option. In fact, after initial setup and troubleshooting a 92% performance has been
observed throughout the 2 years of pilot implementation. However, GPRS is considered a
costly option in most countries and an optimum data granularity, metering data set selection,
and communication frequency is essential to avoid overcharges that negatively impact the
Cost Benefit Analysis (CBA) outcome.
The aggregated benefit gained from smart metering deployment is proportionate to the
“smartness” of the meter, i.e. the number of functionalities supported by the meter. A targeted
selection of the functionalities set, taking into consideration the needs of the DSO as both
operator and market facilitator, is vital, and a market research is advisable before specifying
the required functionalities.
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1.2

Enabling Technologies

Another important factor that falls within the technology category is the term “enabling
technologies”, which refers to automated technologies that can greatly enhance a household’s
ability to shed or shift loads in response to high rate periods. These technologies include
lightning and Heating, Ventilation and Cooling (HVAC) controls, Energy Management Systems
(EMS) and other devices that can be used to achieve long-term energy cost savings while
reducing peak demand charges when needed. For example, devices such as programmable
communicating thermostats can receive a signal during a peak pricing period and
automatically reduce air-conditioning usage to a level that is specified by the consumer. This
ability to “set it and forget it” reduces the need to manually respond to high or low rate periods
accordingly.
While consumers seem to have a positive attitude towards DSM, they are not willing to
change their habits unless they achieve substantial financial savings, and are not inclined to
deal with control interfaces that are too complicated. Use of smart appliances could
significantly benefit the electricity system when it comes to matching supply and demand,
short-term balancing of the system, and reducing consumption. It could reduce the need for
fossil fuel back-up and be conducive to an increased use of renewable sources of energy.
The project’s results on load shifting performance have clearly revealed that demand
response is greatly affected by automation technologies, ranging from simple time
programming to more advanced load controls. Lack of these kind of technologies proved to
be crucial for the collective effort for load shifting in our pilot as many participants claimed that
they couldn’t shift the usage time of appliances like dishwashers or washing machines despite
being considered as typical deferrable loads. Hence, introduction of smart appliances and
control schemes are anticipated to boost demand response, if a positive CBA is derived.

1.3

Energy Data collection

A critical aspect of the planning stage is the energy data collection. Consumption datasets
should be recorded using the installed SMs in order to validate that the developed ToU tariffs
can benefit the power utility. This is considered as the baseline scenario and can be utilized
for future evaluations and to determine the critical success of the developed price-based DSM
scheme.
It is important to measure consumption data and not only import / export data because
changes in consumption patterns are the ones that typically indicate changes in the energy
behaviour and adaptation to the ToU tariffs. However, installing a large-scale rollout
deployment of SM exclusively for collecting Photovoltaic (PV) production datasets can be very
costly. Results obtained through the project, confirm that weather stations that are
geographically spread throughout the implementation area, can be used for accurately
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estimating the PV production. Weather data such as irradiance and ambient temperature
along with a measured PV production profile (spatial analysis for identifying nearby PV
production SMs) can be utilised by a machine learning algorithm for accurate PV production
forecasts. This method eliminated the expensive need to install PV production SM at each
household.

1.4

Developing Optimum ToU tariffs

The development of the ToU block periods must be based on the participants’ seasonal
energy profiles, while ensuring that the developed ToU rates can maintain a neutral electricity
bill in case the load profile remained unchanged (equity). The developed time-varying tariff
should incentivise the users to use the grid efficiently by promoting:
 Peak reduction – Network tariffs should promote peak demand management and aim
to reduce infrastructure cost for peak demand;


Flexibility – Tariffs should encourage system flexibility, e.g. distributed generation,
demand response and energy efficiency;



Market promotion – Tariffs should promote smart appliances and storage solutions;



Cost reflectiveness – Consumers should be charged in accordance with the costs of
the services they have received, taking into account their contribution to peak demand
and their position in the network.

Another major factor that proved to be vital in the development of ToU tariffs is the creation
of a shoulder period. This period can be used by the prosumers to cover their daily activities
that can be shifted from the peak periods but cannot wait until the off-peak period (e.g.
manually shifted appliances without smart control). Furthermore, this transitional period
smooths the load profile and avoids shifting the peak to other hours of the day – herding
phenomenon.
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2

Implementation Stage

The second stage is the pilot implementation. Training the participants and applying the
developed price-based DSM scheme on the selected sample, are the two main aspects of this
stage. A well-crafted consumer engagement strategy and plan will ensure an economically
successful rollout of the developed scheme. The success in engaging consumers will need to
take into consideration the effort required to familiarize participants with the DSM concept.
The concept of time-varying tariffs is a learning curve for the consumer and adapting to a static
ToU tariff at the outset may be a good prelude to the introduction of more complicated tariffs
(dynamic prices – Demand Response). During the implementation period, it is of utmost
importance to provide to the participants the means to monitor their daily energy profiles. The
most common method is to use In House Displays (IHDs) that provide information on the
consumption data and thus helping the habitants to economically benefit by effectively
changing their energy behaviour.

2.1

Training and education

Success of DSM programs requires continuous and diligent education as well as a
marketing campaign to drive and enhance the participants’ initiatives. Within the context of the
programme, specially trained staff made individual contacts with each one of the participants,
at their premises, and provided a home tutorial before the application of the developed ToU
tariffs. The tutorial was based on the participants’ individual energy profiles and what the best
practices for leveraging the full capabilities of the offered time-varying rates are. Training the
participants had a major role in the pilot implementation of ToU tariffs; if we are to achieve
similar results during an actual rollout, it will be essential to create a communication campaign,
which engages the population as a whole. Targeted training of the participants is a definite
catalyst towards activating the users. Of course, in-person, customized education is costly and
a cost-benefit assessment should be employed to decide on the optimum training strategy for
a massive implementation.
Once consumers are enrolled, follow-up meetings should be conducted in order to discuss
their recorded behaviour and to educate them further in efficiently managing their energy
needs. The meetings, conducted through the project, proved to be important for both sides.
The power utility gathered conclusions and knowledge by the feedback that prosumers gave
through their active involvement. Moreover, the meetings proved very helpful to the
participating prosumers to further digest and understand the benefits that can come in their
direction through their active engagement. Feedback from the participants ascertained that
financial incentives are important to mobilize the participants’ demand response, hence tariffs
should be both cost-reflective and mobilization-enabling.
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2.2

Feedback

In the long term, user understanding and engagement are arguably crucial to the
development of energy systems which reduce consumption and have lower environmental
impacts, whether this argument is made from the customer, supplier or system operator
perspective.
In order for this engagement to happen, though, there must be interfaces through which
utility customers receive feedback from their meters, are pointed towards ways of interpreting
it, and given scope to use the information in making changes in energy use. In this context,
real-time feedback may be especially salient. An important technology is the use of an IHD
which provides feedback in a variety of forms and has been shown to significantly improve the
response from end-users. IHDs can help consumers understand how and when they use
energy, so that they have the opportunity to make intelligent choices about their usage. In
addition to physical energy display devices, less costly web-based approaches to engaging
customers about their energy use have emerged and are evolving rapidly. By uploading
information to the web, there are no hardware costs and it proved to be a better solution to
replace IHDs as it can be accessed by a smart phone or a tablet with an internet connection.
For the purposes of our pilot, a custom web and an android application was developed and
offered exclusively to the participants. The participants were able to monitor the prices they
were exposed to at different points in time, the electricity cost for both bills (flat and ToU tariff)
and compare their energy profiles with the ones collected one year prior to the ToU
implementation (reference year). Individual informative data regarding the user’s energy
profile and behaviour is crucial to sustain their energy awareness and activate their demand
response. A cost-benefit assessment should be deployed to decide whether an IHD is
positively compared to a software feedback channel such as a web application. The granularity
of metering data as well as their update frequency to the user is explicitly affecting his energy
knowledge and consequently his demand response activation.
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3

Evaluation Stage

The final and the most important stage of deploying optimal DSM schemes is the
evaluation. This step tracks the implementation progress compared to the year before the
application of the DSM scheme and investigates that the initial goals set by the utility can still
be met. The evaluation should start along the implementation stage in order to correct any
oversights occurred during the planning stage. Additionally, this can provide the advantage of
improving the developed DSM scheme, based on the participants’ feedback, while the
programme is still running. Additionally, it is vital to analyse the societal benefits including the
reduced bills or incentives to the end-users as well as the environmental impacts.

3.1

Evaluation of the energy behavioural changes

Revenue neutrality is a complicated issue in ToU pricing. A ToU tariff that is revenue-neutral
at the class level is not neutral at the consumer level. Consumers with below (above) average
peak consumption shares will see bill decreases without load shifting. Applied ToU tariffs,
optional or not, can potentially create “free riders” that will cause revenue loss not offset by
cost savings. In order to control “free riders”, in our case study, each billing period the DSO
examined if the participants were “active” by comparing their energy profiles with the baseline
profile of the respective period. A prosumer can be considered “active” if at least one of the
following rules apply:
 Load percentage recorded during the peak period was reduced compared to the one
of the baseline profile for the respective bimonthly period;


Load percentage recorded during the off-peak period was increased while the load
percentage recorded during the peak-period remained the same, compared to the
baseline profile for the respective bimonthly period.

The aforementioned criteria successfully eliminated any unintended revenue loss caused
by any potential “free riders”.
When evaluating the impact of the applied actions, caution should be paid to compare
between unbiased cases. Assurance of an unbiased parallel baseline scenario is very
significant to the outcome of the project results. It should bear the same characteristics and
measured at the same time-frame to exclude intrusion of other parameters that differentiate
the behaviour of the baseline scenario.
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3.2

Refinement of the applied Time of Use tariffs

The most critical part of price-based DSM scheme deployment involves the evaluation of
the programme and the possible redesign of the developed ToU tariffs, including the type of
product or service and the tariffs (time blocks and rates) offered. This step is intended to make
substantive network-wide impact on energy consumption. To accomplish this in our
programme, a refinement of the DSM scheme was performed after the first six months from
the pilot and was based on customer acceptance and reaction to the ToU tariffs as well as the
initial objectives of the program.
While DSM can be straightforward for regular consumers, it is more complex when
prosumers are concerned. This is due to:
 their dual nature (consumer and prosumer) and the absence of explicit consumption
profile if the Renewable Energy Sources (RES) generation is not known. On one hand,
only estimations of their consumption profile can be provided, resulting in limited
information quality and user feedback, or requiring development of advanced
forecasting tools or installation of additional meters to register RES generation.


the conflict between system and individual prosumer optimization strategy, when RES
penetration is not that high to modify the system demand curve. When this is the case,
the prosumers are actually asked to shift their energy consumption from a peak zone
that mostly coincides with the PV generation peak (especially in non-winter periods
where the peak demand matches the hours of RES generation peak). If a net-metering
scheme is in place, shifting consumption outside the PV generation peak may benefit
the prosumer but will tend to increase the burden on the grid as penetration is
increasing.



A prosumer may have a benefit from the ToU even if he has not modified his demand
profile, if his profile is such that most consumption is lying outside the PV generation
curve. This way, the prosumer is credited at the peak price for a great proportion of his
generation, resulting in positive monetary outcome from the ToU tariff. In this case,
additional assessment tools are required to investigate whether a monetary benefit
from the ToU tariff comes from active participation of the prosumer or not.

Results highlight that the developed algorithm for designing ToU tariffs must be generic in
nature and adjustable to the system profile as this is adapting through constantly increasing
PV penetration levels. This increase will gradually create an off-peak period that matches the
PV production hours. Therefore, prosumers will have immense incentive to shift their
consumption to that period to the highest degree possible in order to avoid peak prices and at
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the same time evade the possibility of selling their excess energy at a cheap rate. As these
tariffs evolve with the increased PV penetration they will inadvertently promote selfconsumption. This is similar to the case of Hawaii, another island with high PV system
penetration levels. Under Hawaii’s ToU pilot program the lowest electricity prices occur during
the middle of the day — when solar production is at its peak — and ramp up in the evening.
Low daytime rates and high evening electricity prices will translate into significantly lower
energy savings for solar customers that don’t have a way to store energy generated during
the day. As an island state, Hawaii faces some electricity constraints that other states may not
have to contend with, but it still serves as a good indicator for where other leading solar states
will be heading soon.
This led to the conclusion that the design of time-varying rates has to be viewed as an
iterative process that will only converge when the multiple objectives of the various participants
in the process have all been met up to a certain point that implementation becomes effective.
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Guidelines and Policy recommendations
1

Promoting Smart metering

Policy:
Implementation of smart metering requires a national level smart metering infrastructure
consisting of SMs and a communication infrastructure linking the SM at the consumer’s site
with the meter operator.
Guidelines:
With regards to the communication infrastructure, one major parameter is the communication
protocol. The leading standard in the near future would be DLMS/COSEM (Device Language
Message Specification/ Companion Specification for Energy Metering). The support for
DLMS/COSEM in a lot of other standards (such as M-Bus, IEC 62056-21 and recently Zigbee)
and existing meters illustrate this.
Another issue, which is currently evolving as an important task for regulation, is the
development of a privacy policy and data security standards to ensure customer energy
consumption data is not accessed by unauthorized parties or misused. Specific data privacy
and security framework under national and EU legislation needs to be set up and enforced to
mitigate this potential danger.

2

Promoting Time-varying pricing

Policy:
Energy behaviour changes can be achieved only by providing economic incentives to the
consumers. Making available time-varying pricing plans that let customers take control of their
electricity costs is one of the major enablers. If tariff regulation does not address the
implementation of time-of-use or dynamic tariffs, benefits from smart metering deployment
cannot fully unfold.
Guidelines:
In order to enable consumers to benefit financially from those opportunities, they must have
access to dynamic electricity prices linked to the spot market.
The most important driver to achieve energy savings is to improve the feedback on energy
consumption and costs given to the consumer. Consumers should be provided with accurate
information on actual energy consumption, actual time of use and energy costs. The
information can be provided through IHDs or web applications. Setting rules on clearer billing
information and on certified comparison tools will put consumers at the heart of the energy
market.
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Any unintended revenue loss caused by free riders (consumers with below average peak
consumption shares who will experience bill decreases without load shifting) must be
successfully eliminated. To achieve this, “Pay-for-performance” approaches that include
methods to measure and verify demand reductions should be established.
Time-varying tariff designs must be constantly evaluated and adapted to new market
structures. Tariff reforms must promote both renewable energy and energy efficiency
objectives while reflecting the impact of the consumer on the electricity grid. Additionally,
sufficient funding for grid and system costs should always be maintained.

3

Promoting Awareness

Policy:
Effective consumer engagement through education.
Guidelines:
Results have shown that consumers complain about a lack of transparency in electricity
pricing, reducing their ability to actively participate and benefit. In order to ensure success, the
smart metering roll-out should be accompanied by informational campaigns designed to
increase consumer’s awareness, acceptance and energy saving affinity. Residential energy
efficiency issues and energy management methods should be promoted through a number of
channels including events, workshops, meetings, and mass media campaigns.

4

Promoting Battery Storage

Policy:
To integrate growing shares of renewable energy, the future electricity system should make
use of other sources of flexibility, particularly battery storage.
Guidelines:
It is essential to combine RES systems and storage in order to enable prosumers to capture
and utilize the electricity generated by their RES more effectively by decoupling time of
generation and consumption, while also supporting the grid.
Storage can be deployed both on the grid and at an individual consumer’s home. Utilities can
procure storage assets to address both long-term regulatory requirements and short-term
needs, such as reliability and deferring grid reinforcement. While, decentralized storage will
be even more disruptive because different combinations of storage and solar will likely be able
to arbitrage any time-varying tariff design that utilities develop.
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5

Promoting Smart Homes

Policy:
Creating provisions and regulations for smart homes that utilize Enabling Technologies
(automatically control the building’s operations including heating, ventilation, air conditioning,
lighting, security and other systems).
Guidelines:
A smart building uses sensors, actuators and microchips, in order to collect data and manage
it according to a business’ functions and services. This infrastructure will assist consumers to
reduce their energy use and eventually reduce their electricity bills.
Smart buildings can be defined in a similar manner as Nearly Zero Energy Buildings (NZEB),
by introducing a smartness indicator that assesses the technological ability of the building to
interact with the occupants and with the grid.

6

Promoting Self-consumption

Policy:
Ensure that the benefits of renewable energy are available to the owner without creating the
situation where privately owned renewable energy generation leads to increased tariffs for the
rest of the population. This can be achieved by promoting self-consumption.
Guidelines:
Net metering schemes have proved to be effective to jump-start distributed generation
markets. However, it raises concerns when large deployment levels are reached because
excess production from onsite RES is sold at a retail price that in most cases exceeds the
value of that generation to the power utility.
By introducing a net-billing policy, customers may self-consume energy from their systems,
effectively receiving a retail rate credit for this energy consumed directly on-site. Any energy
not consumed directly on-site is exported to the electric grid will be credited at a non-retail
rate. By offering a lower tariff for electricity injections into the grid during certain parts of the
day, for instance, consumers could be incentivized to consume more of their electricity on-site
by applying load shifting methods or using battery storage.
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7

Promoting the active engagement of SME’s

Policy:
Energy stakeholders must approach small and medium sized enterprises (SMEs) with the
agenda of including them into the demand response (peak levelling and electrical energy
adaptation) programmes.
Guidelines:
Advanced metering can enable businesses to identify energy, cost and carbon savings by
providing detailed information about the way in which industries as well as SMEs use their
energy.
Former industries and SMEs considered only as consumers can become suppliers and even
service-providers (flexibility aggregators, Balance Responsible Parties - BRPs) leading to
changes in the traditional business models of energy companies.
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Conclusions
The power grid is expected to change in different, perhaps fundamental ways, requiring
careful assessment of the costs and opportunities of different technological and policy
pathways. At the same time, an increasing number of consumers are seizing the opportunity
to produce their own electricity through on-site generation, such as photovoltaic (PV) systems.
Demand Side Management (DSM) has a major role to play in the electricity industry. Putting
an effective DSM program in place and at the same time getting it right is a substantial
undertaking, but it is vital to the successful involvement of all energy market players (DSO,
suppliers, aggregators etc.).
All the valuable lessons learnt and guidelines derived during the planning, implementation
and evaluation stage of developing a time-varying pricing programme are presented in this
report. The knowledge gained can help in building a clear road map that addresses all the
aspects and challenges towards optimal DSM scheme development.
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