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Summary

Smart metering is considered to become a central part in distribution grid management in the
future and will be able to provide a lot of new functions if they have the right specifications.
Many DSOs are in the process of preparing for the next generation of Smart Meters (SMs) —
which is referred to as the future customer-utility interface (CUI) and thereby needs to know
the required specifications. This report is proposed to assist in this process by providing
suggestions of research to establish minimum technical CUI specifications with regards to the
different possible functionalities of CUI To investigate the requirement of new functionalities,
the report addresses how both the distribution system operator (DSOs) and customers could
benefit from the new functionalities and what challenges the functionalities can meet. The
project focused specifications for increasing the efficiency of grid management. Moreover, the
report discuss functionalities required to enable customers’ participation in Demand Response
(DR). The report is based on a literature review on functionalities requirement for the future
CUI which satisfy the general requirement by the European Commission (EC) and Swedish
Energy Market Inspectorate (EI) and at the same time will enhance the operation and planning
practices of the DSOs, and promote more active customers. Based on how the grid may look
like in 2030 in terms of electric power generations, loads and equipment of the grid and the
expected changes in electricity demand but also other demands from the rest of the society is
research issues selected and discussed. In the end the challenges are ranked and the risk of
congesting due to higher covariant between loads and due to customer’s participation in
different types of markets may be the most challenging is considered the most challenges in the
nearby future for the distribution grid. There is therefore an urgent need to developing methods
for more load forecasting and market modelling to understand where in the grid problem will
appear before they actually happen. There are different methods on how to meet the congestions
but more load modelling is needed to explore the potential of changes between different
operation strategies. Finally there is also a need to develop a method to be able to compare the
different method to find the most cost efficient way to solve each problem.

Keywords . Customer-utility interface, demand response, emergency grid management,
load modelling, load forecasting, power quality, smart meter functionalities
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1 Aim of the report

This report aims to identify the functionalities of the future customer-utility interface (CUI)
which satisfy the general requirement by the European Commission (EC) and Swedish Energy
Market Inspectorate (EI) and at the same time will enhance the operation and planning practices
of the Distribution System Operators (DSOs), and promote more active customers. Moreover,
the report aims to contribute in different project proposals based on the literature studies
performed on different future potential applications.

2 Background and motivation

This section will discuss how the electricity grid may look like in 2030 and what factors might
impact the future distribution grid. The section attempts to identify functions for future Smart
Meter (SM) based on national and international requirements on the functions and applications
of future smart meters to offer new services to the customers and also to increase efficiency of
grid monitoring, planning and operation. Moreover, new functionalities are required to increase
active participation of the customers in grid management and also to provide options to the
customers to participate in different market based solutions for Demand Response (DR). In
addition, the future CUI may need to support home energy management system since more and
more smart home appliances and load control devices are expected to come in future.

2.1 Electric power system in 2030

2030 is in only 15 years and 15 years is not much when it comes to electric power system. Many
of the large investments has of economic depreciation of more than twice that time. But a lot is
expected to happen anyway both in electricity production and usage in Sweden until 2030. That
will create challenges for the infrastructure, the grid, which needs to facilitate this change. But
there are of course measures that can be taken to find economical feasible solutions to meet the
challenge.

2.1.1 Electricity production in 2030

Electric power system is expected to undergo some changes by 2030 due to technological
advancement, new national and international regulations on e.g., energy efficiency, climate
change and renewable energy target. Renewable energy has been growing rapidly over recent
years in Europe. Following the current renewable energy target of 20% by 2020, Europe is
currently debating new targets of renewable energy for 2030. Greenpeace has put a demand of
at least 45% renewables by 2030 in order to reach the climate target. At least 65% to 70%
renewable electricity will be required to reach the goal of 45% renewable energy by 2030. The
majority of the renewable electricity will come from variable solar and wind due to economic
reasons [1]. In Sweden, wind power electricity is now being produced around three times
compared with that of 2006 and the growth is expected to continue in future [2].Generally larger
wind farms are connected to transmission system while smaller wind farms are connected to
distribution systems due to lower connection costs. Integration of more and more small wind
farms are expected in the distribution grid by 2030 which may pose power quality and reliability
concerns such as harmonics, over voltage, thermal overloading and frequency of tap changes
due fluctuating nature of wind. On the other hand, the Swedish solar-cell market is still very
limited, but has begun to grow slowly with the aid of government funding. However, this
scenario may change in future since the European Union, EU directive on energy efficiency in
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buildings, suggests a future widespread integration of on-site solar technologies. More small
scale solar power is expected to come in the future distribution grid which needs to be
incorporated in the operation and management of the distribution grid. According to [3], the
nuclear power plants could almost be entirely phased out by 2030.

2.1.2 Electricity consumption in 2030

European Union has set a target of 10 per cent of all transport fuel to be derived from renewable
sources by 2020. However, Sweden has set a goal to reduce Greenhouse gas emissions by 40%
compared with 1990 by the year 2020, and also to have a vehicle fleet of completely fossil —
free fuels by 2030 [4]. Moreover, with the advancement of technology, more and more electric
transport system is coming and expected to grow faster in future. In addition, Electric Vehicles
(EVs) are on rise with fast and slow charging facilities which can pose an additional challenge
on the operation and management of the distribution grid.

The products that waste energy are being phased out through the EU Renewables Directive.
Energy wasting products are now phasing out from Sweden which started with light bulbs.
Conventional light bulbs have been replaced by low-energy bulbs, halogen lights and LEDs
following a three-year phase out. The conventional light bulbs may neither be imported into nor
manufactured in Sweden [5]. Other products that have been made subject to stricter energy
requirements are televisions, white goods digital TV boxes, electric motors and circulation
pumps. Moreover, the portion of constant power load in the grid is expected to increase more
in future. The market of smart home appliances and home energy management system is also
expected to grow rapidly in future. In addition, the electricity consumption has been increasing
due to the installation of direct electric heaters and heat pumps [6]. Ground-sourced heat pumps
make up a large part of new heat pumps installations in the Swedish market and the country
currently has the highest amount of ground-sourced heat pumps installed in Europe. Moreover,
the installation of new ground-sourced heat pumps is expected to increase significantly in the
next 10 years. These new types of loads in the distribution grid may change the result of optimal
load flow analysis which considers the traditional loads in the distribution grid.

Demand Side Management (DSM) and Demand Response (DR) from residential customers are
expected to come for congestion management in the distribution network, voltage control and
asset management. Active participation of residential customers in different market based
solutions is also eminent in the future electric power system to manage network congestions
and provide ancillary services. In [3], a 2030 scenario has been investigated and the results
indicate that different levels of demand-side management in the system and inclusion of storage
devices would not result in significant impact on the type of upgrades required on the grid.

2.1.3 Electricity grid in 2030

In the power circuit in the distribution system there are no large changes expected until 2030
since the investments are long term and there has not happen any major technology
advancement in the latest year that is expected will make a major impact. There will of course
be some refurbishment and green field installation but current technology is expected to be used.
The challenge for the refurbishment and green field is that they should last for 40-50 years and
this will be well beyond 2030.

Regarding the communication is larger changes expected, mainly due to considerable short
expected life time of communication systems then in the power circuit but also the increased
need for communication as will be discussed later. One major challenge is the smart meters
that will be needed to be replaced due to age.



The changes in the electricity production and consumption will have an impact on the grid.
There is an expectation that there will be a higher correlation between the different customers
due to more local generation, customers participating in different kind and new peaks in the
consumption patterns due to new types of loads. The anticipated local generation is mainly solar
power which has a high correlation and can be an effect of the neighborhood-effect, which
means that if your neighbor does something you will do the same. This may create very local
congestions in the grid. Today are very few customer participating in some kind of market in
the electric power system (so called active customers). However, the more volatile electricity
prices will be the higher will the interest be for participation at electricity markets. A reduction
is in most cases not a problem but the rebound may be because a high correlation between the
return loads are high. EVs can be the next big thing driven by the neighborhood-effect and
thereby create new peaks either just after office hours at the same time as the afternoon domestic
peak or during night when the electricity price is low. The afternoon peak may be the most
challenging but the night time may coincident with maximum heat load due to low outdoor
temperature or the rebound effect of the DSR during daytime.

The expectations of society on the grid is also expected to change. The availability is expected
to increase because the society is getting more and more dependent on electricity since the
consequences of blackouts is expected to increase. The grid will also be required to never be a
limitation of development or market participation. It will also have to be able to be reconfigured
fast to be more efficient to keep the costs low but still enable customers to use electricity in
their way and participate in different electricity markets. The grid will also need to be able to
supply the customers with information beyond grid data, like electricity price and/or
temperature forecast. The requirement of the quality of the supply, the power quality (PQ), will
also increase because the acceptance of the disturbance due to the grid will be lower.

2.1.4 Meeting the grid challenges in 2030
There are a range of different strategies to meet the challenges in a distribution grid. Below are
the strategies introduced and their advantages and disadvantages.

Do nothing

The “do nothing”-strategy is based that the grid operated does nothing and if something happens
it will treated as a non-planned outage. The strategy requires no measuring system and no
supervision system but a fast response maintenance team is needed. If the number of outage are
low will it only result in bad will for the grid company but it will have a negative impact on the
quality parameters, SAIDI and SAIFI. If the SAIDI and SAIFI will be too high the
energymarketinspectorate (EI) be require the operator to increase the quality not to lose the
concession for the area and thereby their right to operate the grid. The strategy is bad asset
management because the strategy could imply a lot of equipment will be taken out of operation
to early.

Disconnect customers

The disconnect customers-strategy is to disconnect costumers to avoid damage to components
in system. This is a cheap solution because no upgrades in the system is needed but it is only
allowed in extreme situations and the issue is how many situations per year can be considered
extreme enough. If it happens to often is the concession at risk.

Limit the customer’s behavior

The limit the customer’s behavior-strategy is based not allowing the customer to do what he/she
wants to do even it in agreement with current contract. It can also be considered cheap because
not upgrades in the grid is needed but not allowed according to current contracts with customers.
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Upgrade the grid

The upgrade the grid-strategy is to increase the capacity in all places where congestion may
occur. If the planning is well done is the strategy will create a very reliable grid but the cost
will be high and a lot of space will be required. It will also have other environmental impact
like EMC and extensive use of material. The losses will be low and the expected of life time of
the components is not expected to decrease.

Non-optimal operation

The non-optimal operation-strategy of the grid is to reconfigure a grid to solve temporary
problems. This reconfiguration can often be done fast but the losses will increase and there are
no guarantee that it will be enough to meet the challenge if it has any impact at all.

Active customers
The active customers-strategy is based on the let the customer react to the situation in the grid.
This strategy will not require any expensive upgrade of the grid but the capacity is uncertain.

Power quality measurement by smart meters

The power quality measurement by smart meters-strategy is based on PQ measurement in each
smart meter. This will result in a well monitored system but the requirement on measurement
in each smart meters will increase and also the need of communication and data processing.

To be able to meet the challenges and enable customer to use the electricity in the most efficient
way and participate in the different types of markets is it important that all parts of grid will be
able the meet the challenges. It will probably be most challenging for the distributions system
to the meet that challenges because current markets and earliest of the expected markets are
focusing of meeting the challenges of the energy and power balance and the limitations in the
transmission grid.

The grid will also need the follow any existing and new requirement of the EI which also include
the utilization the required specification of the grid.

2.2 Functions of smart meters

SMs can provide energy consumption data and voltage data from the lowest level of the
distribution grid i.e., customer level but also functionalities such as on-demand reading, remote
switching, remote management. The historical data from the SM can be used for operation and
planning of the distribution grid. However, new functional requirements are proposed by
national and international authorities. The functionalities of the SMs need to be adjusted to
provide best possible service to the customers and to increase the efficiency and reliability of
the distribution grid operation and management. Table 1 shows the functional requirements for
future customer/utility interface recommended by EC [7] and proposed by EI [8]. Most of the
functions proposed by EI are similar to the functions recommended by EC. However, there are
some functions proposed by EI which are not recommended by EC, e.g., to include new
functions like alarm for neutral error and also to record voltage, current, energy, active and
reactive power in both directions for each phase. Moreover, there are some functions which
were recommended by EC but not proposed by EI, e.g., support for advanced tariff system and
limitation of power flow to the customer.
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Table 1: Comparison between functional requirements of Customer/Ultility interface

recommended by EC and EI

Recommended by EC

Proposed by EI

For the Customer:

Provides readings from the meter
to the customer and to equipment
that he may have installed;
Updates these readings frequently
enough to allow the information to
be used to achieve energy savings;

The customer gets access
to near real-time values
of consumption

The measuring system
should be able to register
the beginning and end of
long breaks on one or
more phases.

Alarm for neutral error
(new)

aspects of energy
supply:

Allows remote ON/OFF control of
the supply and/or flow or power
limitation.

For the Meter |+ Allows remote reading of meter * The measuring system
Operator: registers by the Meter Operator; will allow remote

* Provides two-way communication reading.
between the meter and external * (Capable to deliver 15
networks for maintenance and minutes value; at least
control of the meter; hourly.

* Allows readings to be taken * The measuring system
frequently enough to allow the must be upgraded
information to be used for network remotely.
planning.

For  commercial | * Supports advanced tariff systems * The measuring system

shall allow remote turn-
on and remote turn-off

For security and
privacy:

Provides Secure Data
Communications;

Fraud prevention and detection.
(Investigated but not proposed by
EID)

Privacy and security

must be analyzed:

- Possible measures to
increase protection

- The protection must
be analyzed from a
system perspective

To allow
distributed
generation:

Provides Import / Export &
Reactive Metering.

The measuring system
should record voltage,
current, energy, active
and reactive power in
both directions for each
phase.

Table 2 shows the functions that are already included and are in use in some of the existing
smart metering system and also the functions that exist in the system but not in use. Moreover,
the table shows the functions that are by recommended by EC or proposed by EI but not
included in the smart metering system in some SM systems.
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Table 2: Summary of functional requirements

Existing Functionality
(in use at some DSOs)

Existing
Functionality
(not in use)

Recommended by EC
(not in use)

Proposed by EI
(not in use)

1. Monthly/hourly
metering value

2. Hourly Meter
value to customer
system

3. On demand
readings

4. Power outage

alarm

+Registration

+statistics

Remote ON/OFF

Usage statistics

7. Monitor power
usage /voltage
levels

8. Monitoring and
alarms

SN

15-min

metering value

(proposed
EID)

by

Readings from the
meter to the customer
and to equipment that
customer may have
installed

Updates meter readings
frequently enough to
allow the information
to be used to achieve
energy savings;
Supports advanced
tariff systems

The customer gets
access to near real-time
values of consumption
Alarm  for Neutral
error. (new)

The measuring system
should record voltage,
current, energy, active
and reactive power in
both directions for each
phase.

3 Applications of future customer-utility interface

This section will discuss potential applications of the new functions of the future CUI presented
in Table 3. The applications are divided into those for distribution system operation and
planning, and those for promoting active customers engagement in managing their energy
consumption. The section attempts for each application to explain why the applications are
important both for utility, society and individual customers. Finally is important research
questions identified which need to be addressed in the future project.
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Table 3: Required new functions of Customer-Ultility interface for the identified topics

Func- | Description Potential Applications
tions
No.
1 Smart ON/OFF switch Emergency load shedding of large number of

customers by smart meters

2 Data with very high sampling rate | i) Power quality monitoring at customer
level

i1) Load composition identification

3 Data in fine time-resolution (high | i) Load modelling;

sampling rate) i1) Information for grid operation;

iii) Forecasting (short and long term) and
faults for new areas

4 Real-time display of data for | Demand flexibility and grid services from the

customers (e.g., energy | customers

consumption, market price, and

other tariff options)

5 Alarms on faults/abnormal | Abnormal-behavior alarm services

behaviors (after the meter)

6 Common information gateway Multi-carrier energy system

3.1 Distribution system operation and planning

3.1.1 Emergency load shedding of large number of customers (using Function 1)

One of the most interesting and challenging strategies is to use the system for a large scale
disconnection of non-critical customers during emergency situations. By disconnection at
customer level, public institutions may be prevented from being disconnected and there would
still be a considerable potential for the load relief of the system. Emergency situations leading
to large scale customers shedding are rare but a requirement of large scale shedding has since
many year been established by the Transmission System Operator, TSO (Svenska Kraftnit) in
Sweden. Due to large scale introduction of renewables in the Nordic system more stability
issues can be expected. It is important to be ready to handle these issues with a minimum impact
on the society.

EI has proposed that the function to turn on and off can be used for planning of prioritizing vital
public electricity users, such as hospitals during load shedding at the extreme power shortage
[8]. The purpose of emergency planning is to mitigate the consequences for society at an electric
power shortage. In the current situation the technology does not allow that individual socially
important users of electricity can be prioritized, but priorities need to be made at management
level, i.e., all facilities connected to the same line as an important public function priority. A
technology that allows decoupling and coupling of individual electricity consumers in a crisis
situation would both improve crisis management, and streamline the planning process that
largely implemented by the county administrative boards, municipalities and network
concessionaire.
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Small scale tests on the operation of switches have been done to gain experience on testing and
investigate the impact on the Low Voltage (LV) grid [9]. Tests have been done that shows that
expectations of problems are low in the LV grid for small scale disconnections/reconnections.
However, some challenges have been identified with respect to implementing
disconnections/reconnections in the present system. Moreover, transient events were observed
due to inrush current taken by the load which may not be harmful for the appliances due to very
short duration of its nature. However, aggregated impacts of transient events need to be
investigated. As a spin-off effect the project has identified that the communication system has
some unwanted limitations. The impact of large scale SMs switching that are needed for
emergency disconnection has not been investigated.

Possible benefits (beneficiary):

o Getting essential services e.g., public services during emergency load shedding
(customers/society)

o Ceritical customers e.g., old houses, pharmacy, clinics etc. can be excluded from
emergency load shedding (customers/society)

o Help maintain system integrity (i.e., avoid blackout) during critical grid condition
(DSO)

o Reduce maintenance cost by avoiding major collapse of the grid. (DSO/society)

o Reduce risk of paying penalty fee to the customers for load shedding higher than 8
hours.(DSO)

o Handling future emergency situation more efficiently with better planning. (DSO)

Next step:

To able to make sure that availability of the grid is sustained is there a need to investigate the
impact of large scale load shedding on voltage and frequency stability of the grid but also the
what is the maximum limit of switching time delay for efficient emergency load shedding.

To be able to make it more cost effective to investigate possible consequences of large load
reconnection in all parts of the grid like protection systems and co-ordination between tap
changers to avoid unnecessary operations.

To increase the compatibility is there also a need to investigate possible consequences of large
load reconnection like tap changing and on voltage controllers to avoid undesired voltage
variations for the remaining customers.

3.1.2 Power quality monitoring at customer level (using Function 2)

The PQ in the LV network and consumer premises, especially homes, is largely unmonitored
and is not well understood. Specific monitoring typically takes place only after consumer
complaints have been laid or abnormalities noticed. Poor PQ has the potential to cause a range
of issues affecting both consumer loads and the distribution network. With the development
and growing penetration rates of new technologies such as photovoltaic generation and PEVs,
voltage profiles on LV feeders are likely to be affected. Distribution networks are tightly
regulated to deliver voltages to consumers within an acceptable range to ensure compatibility
with consumer loads connected to the network. Non-conformance of the supply voltage has a
high societal cost as it impacts the lifetime, efficiency, and performance of consumer loads.

By using the capabilities of modern SMs, grid PQ monitoring can be improved while keeping
costs low. Improved monitoring gives electricity providers proof of PQ that can be delivered to
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residential customers. Moreover, PQ monitoring would allow residential customers to monitor
their own PQ which offers greater potential for early problem identification and preventive
maintenance. Finally, it could enable electricity providers to better optimize the voltage
delivered, which may lead to a reduction of the energy consumed. Based on local voltage
deviation detections, SMs can trigger events to alert the local grid operator. The events could
either trigger a request to automatically increase the sampling rate in the affected area, or be
forwarded to a grid operator for manual decision making.

In [10]-[13], a number of PQ aspects have been identified as being of the greatest interest to
understand PQ and its implications in their LV network. They are: Outage reporting, steady-
state voltage levels, voltage sag/swells, flicker, harmonics. If these capabilities are to be used
and the PQ variables measured, the meters must also have sufficient storage capability. It is not
only the capabilities of the SMs themselves which must be considered, but also the capabilities
of the communications networks and the central system. There is a lack of clarity over what
data and in what format, timeframe, and level of aggregation would be useful. There is also a
lack of clarity over exactly how the data could be utilized to improve the electricity grid
operation and business. Without the data it is difficult to develop algorithms and without the
algorithms it is difficult to demonstrating the possible benefits of measuring and recording PQ
data.

However, EI has mentioned in [8] that for 15-minute interval data, additional communication
costs will be required to handle the increased amount of data during collection and estimated
an additional cost of 23 SEK per meter for 4.3 million meters. Moreover, investment will be
required for increased data capacity for communication servers, databases, etc. and are assumed
to be 50 SEK per meter. Furthermore, the additional costs of operation and maintenance in
connection with the transition to 15 minute interval data estimated as 84 SEK per meter in a
year.

The challenges of implementing PQ measurements in distribution applications include the
following:
o Increased cost of SMs with PQ measurement capabilities
o Capability of present communication infrastructure to support for transmission of large
data packets, particularly for real-time applications.
o Data integration, long-term storage, and sharing.

Possible benefits (beneficiary):

o Customers can monitor their own PQ which offers greater potential for early problem
identification and preventive maintenance.(customer)

o With more PQ monitoring capability, the DSO is more informed about the actual PQ in
their network and can easily identify any source of problems (e.g., harmonics, flickers,
etc.) which can save a lot of work (and cost) to identify otherwise. (DSO)

o Better PQ in the system can reduce the losses in the system as well as potential faults
and mal-functions of equipment in the system (power electronic converters, relays)
which can be caused by e.g., harmonics.(DSO)

Next step:

To increase the compatibility in the most cost efficient way there is a need to reduce the number
of PQ monitoring location to ensure only really necessary monitoring of the grid and the to
determine which parameters needs to be monitored and at what sampling rate. New methods
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may also be needed to quantify the monitoring for the most efficient grid management and the
customers because it is not clear the current methods are the most efficient.

3.1.3 Enhanced load modeling using smart meter data (using Function 3)

The availability of SM data in homes has led to significant interest in analyzing this data to
understand device behavior, customer behavior, and key contributors to overall energy use.
One of the critical needs for distribution system operations and planning applications 1is
modeling of the load, in particular, its dependence on the voltage. Some literatures [14-18]
show that most existing models, however, have been based on overly simplistic assumptions of
device operation. For example, most prior work assumes a device will turn on, consume a stable
level of power (or possibly one of several stable levels), and then turn off.

Many types of devices do not consume energy in this straightforward way, and therefore more
complex models are necessary to present truly device-accurate models. The SM data can be
used to improve load models of LV customers. However, as raw energy data is often difficult
to interpret without prior knowledge of how devices actually operate, most analysis techniques
rely on models of device behavior to interpret data from SMs. Accurate modeling is particularly
important when the only data available is aggregated, as is typically the case with a single SM
providing energy data from the entire house.

The SMs do not show the exact load at a specific moment but the energy usage. By using hourly
energy consumption data, it is nearly impossible to detect that a light bulb was switched ON
for a few minutes during that hour. Since the reading indicates the average power usage of a
larger collection of loads that were active over the entire hour which makes it harder to identify
individual loads. However, by subtracting two consecutive measurements e.g., the average load
in a 15 minutes interval can be calculated. This load is expected to be the average load during
this 15 minutes interval. If the time interval between the energy measurements is small, the
average power used in this period can be estimated. Some SMs can provide even lower minute-
level sampling e.g., a reading every 5 minutes. However, there are indications that the next
generation of SMs will provide sampling resolution of seconds which can help to build accurate
load model.

Aggregated real-time power data from already deployed SMs with a low data sampling rate can
be used for modeling home appliance loads under a general assumption. Most home appliances
work at one or several fixed power demands, which can be characterized by finite discrete states.
Moreover, one power reading at present is independent from early readings in the past.
Therefore, according to [14] Hidden Markov model (HMM) seems a good choice and is widely
used to model home appliances to extract stable information.

In most of power flow calculation, the load is either assumed to be constant power load or
modelled as a mix of constant impedance, constant current, and constant power load which is
typically referred to as ZIP model [19]. This approach may not work, since all the loads are not
always static or time-invariant. Moreover, it is difficult to know the percentage of different
components in the ZIP model and therefore the load cannot be accurately represented. There
are mainly two types of load models: static and dynamic. Static model are with combination of
constant impedance, constant current and constant power loads while dynamic model has time
series simulation of end user loads mainly heating, ventilation and air conditioning and water-
heater. In [18], SM data was used in both static and dynamic load model to perform voltage
optimization in order minimize the energy consumption. The results of their work show that 2-
3% reduction in voltage gives an average of 3-4% of reduction in energy at the feeder.
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Voltage optimization is becoming an integral part of the distribution control strategy in the
smart grid. For many years, voltage reduction has been used as a demand management function
in times of heavy demand. Conservation Voltage Reduction (CVR) refers to the management
of service voltage for the purpose of reducing power and/or energy consumption. According to
[21], by using CVR for energy savings can be one of the most attractive energy savings
investments possible in terms of investment per kilowatt-hour saved. The Load Modelling
Initiative can help to identify important customer characteristics that impact the voltage
response through testing at both the load level and the system level. This can help DSOs to
assign higher priority for CVR implementation to feeders that supply the maximum CVR
benefit and also for flattening voltage profile. Moreover, the load modelling effort can help to
better integrate different customer categories and the associated voltage response characteristics
as part of future utility customer information systems and distribution model databases so that
they can be used as part of normal distribution planning studies in the future.

Furthermore, accurate load models are important for obtaining correct results of voltage
stability study for the grid. One application with this study is to determine the reactive power
support requirement in the grids especially those with high amount of induction machines (e.g.,
heat pumps) to maintain grid voltage stability when fault occurs in the upstream transmission
grid. The DSOs can use the load modelling for planning of the grid more efficiently to keep the
secure operation of the grid. Another application of the enhanced load models is to improve the
results of the calculations of the net transfer capability (NTC) in the transmission system. If the
load models are known for different areas in the transmission systems and for different hours
of the day, more accurate results can be found and the system can be operated closer to the
limits, i.e., more transmission capacity can be put in the market, and thus reduce the total social
welfare of the system. In current practice, hourly load models and locational load models are
approximated. The system operators just have to put a margin to the NTC values which accounts
for the uncertainty in the load models.

The load models in the literatures did not consider dependence of real and reactive power on
voltage. The dependence of both active and reactive power on voltage can be investigated by
using SM data, which can reflect the reality much better than the previous studies. Because,
when the voltage changes the demand also changes. This means that by changing the voltage,
the demand of active and reactive power can be affected. There is a need to develop refined
load flow solutions based on SM data which can be used as an input to different market based
solution of DR. Moreover, the load model can also be used to determine the voltage control
actions required to achieve a certain level of changes in demand for both active and reactive
power for congestion management purpose. The SM data can be classified according to
different layers, e.g., seasons, day types, hours, load conditions, etc. Data mining techniques
such as Davies-Bouldin Index and K-subspace method [22] can be used to derive the load
models. It should be noted that in the future, certain types of customers will be required to fulfill
certain grid connection requirement with respect to voltage control capability set by the
connection code of ENTSO-E [23]. Special treatment need to be given towards these new types
of customers’ while developing the load models. The following research questions have been
identified for investigation while considered the possible benefits of load modelling for the
customers, power systems and the DSOs.

Possible benefits (beneficiary):
o Accurate load modelling could support efficient network operation and planning to
minimize operation and maintenance cost which in turn minimizes per kWh energy
cost of customers. (customers)
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o Understand device behavior, customer behavior, and key contributors to overall
energy use.(DSO)

o Load modelling can help to identify important customer characteristics that impact the
voltage response (DSO)

o Help DSO to better manage the peak demand through voltage control. (DSO)

o Obtaining correct results of voltage stability study for the grid. (DSO)

o Determine the reactive power support requirement in distribution grids to maintain grid
voltage stability when fault occurs, e.g., in the upstream transmission grid. (DSO)

o Improve the results of the calculations of the NTC in the transmission system which
will lead to more efficient use of resources in the electricity markets (i.e., increased
social welfare and reduced market prices). (DSO)

Next steps:

By improving existing load modelling can a more efficient operation of grid be achieved. The
model can also be used to understand how non-optimal operating points can be used for grid
congestion management.

3.1.4 Load forecasting using smart meter data (using Function 3)

Recent developments in active distribution networks, and the availability of SM data has led to
much interest in Short-Term Load Forecasting (STLF) of electrical demand at the local level,
e.g. estimation of loads at substations, feeders, and individual users. Local demand profiles are
volatile and noisy, making STLF difficult as we move towards lower levels of load aggregation.
The recent availability of SM data provides much more detailed information on electricity end-
use than was available before. Data from SMs can allow understanding the changes in demand
patterns in more detail and help produce more useful forecasts. Analyzing large sets of SM data
effectively is a particular challenge.

Accurate forecasting will enable a utility provider to plan the resources and also to take control
actions to balance the electricity supply and demand. Most of the previous literature in the STLF
area to date focuses on large-scale aggregated loads, such as the aggregated electricity demands
for entire countries, or regions, for transmission system applications [24]. Load forecasting on
the individual household level is challenging task due to the extreme system volatility as the
result of a dynamic processes composed of many individual components. The individual load
profile is influenced by a number of factors, such as devices’ operational characteristics, users’
behaviors, economic factors, time of the day, day of the week, holidays, weather conditions,
geographic patterns and random effects.

Several modelling techniques are typically used for energy load forecasting [25, 26]. These
techniques can be classified into nine categories : (1) multiple regression, (2) exponential
smoothing, (3) iterative reweighted least squares, (4) adaptive load forecasting, (5) stochastic
time series, (6) ARMAX models based on genetic algorithms, (7) fuzzy logic, (8) artificial
neural networks and (9) expert systems.

The correlations between demand and the variables which influence it, at various levels of load
disaggregation is examined in [24]. It is shown that, at the local level, standard STLF models
may not be effective, and that simple load models created from historical SM data can give
similar prediction accuracies. The results of this paper suggested that, at lower levels of
aggregation, very simple demand models (e.g. assuming demand is equal to the demand in the
same hour of the previous day), can be at least as effective as sophisticated STLF approaches
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based on linear or non-linear predictive models. The correlation between the demand and the
variables affecting the demand was analyzed on a weekly basis which showed a weak
correlation between the demand and the analysed variables has been found on end-user level.
However, the correlation with the previous day equivalent hour demand, previous week
equivalent hour demand and hour of day increases with the aggregation level. Moreover, the
analysis on an annual basis shows strong correlations with the temperature (negatively
correlated) and the previous 24 hour average demand.

This paper concluded that at the local level of LV feeders and individual users, the correlations
between demand and the influencing variables become much weaker. Accordingly, there was a
significant decrease in STLF accuracy as moved towards lower levels of demand aggregation.
Moreover, the forecasting showed that the prediction capability of commonly-used STLF
approaches based on linear or non-linear predictive models is very limited at the local level. It
is shown that high levels of prediction accuracy could be achieved at the primary and secondary
substation aggregation levels, if appropriate STLF models e.g., non-linear autoregressive model
is used. Future load forecasting methods can be probabilistic, e.g. producing ranges of values
rather than point forecasts, in order to better model such demand uncertainties.

According to [26], probabilistic forecasting is more challenging than point forecasting since we
need to forecast not only the conditional mean but the entire conditional distribution of the
future observations. According to [25], time series methods such as regression models,
Autoregressive Integrated Moving Average, ARIMA models, GARCH and hybrid models such
as combination of ARIMA and Generalized Autoregressive Conditional Heteroscedastic,
GARCH using wavelet transform are not suitable for STLF. This paper showed that artificial
neural networks, which, through their hidden layers and ability to learn, seem much more
capable of solving forecasting problem. This technique is able to identify hidden trends thereby
finding the trends in time series and use them to produce the forecast. This paper concluded that
neural network has a good performance and reasonable prediction accuracy can be achieved.

The use of SM data and weather information has been investigated in [27] for developing day-
ahead residential load forecast models. Artificial neural network method has been used in the
paper for day-ahead load prediction with weather data and historical SM data. Artificial neural
networks act via interconnected group of artificial neurons for processing information and it
solves a system of non-linear mathematical functions for a set of inputs parameters. The
performance of the artificial neural network depends on the selection of the input predictor
variables or predictors, set of training data and the number of trained neurons. The predictors
can be classified as weather factors, time factors and historical data. The training of the neurons
using set of training data involves a choice of the learning algorithm e.g., Levenburg-Marquardt
Algorithm which is a sum of squares of nonlinear functions. However, in the results of this
work noticeable deviation was found during peak periods and also in the mornings due to the
model’s approach of linear regression. The paper has concluded that an increase in predictor
variables can reduce the forecast error significantly where the increase in volume of training
data does not produce corresponding reduction in forecast error.

According to our knowledge, today no DSOs perform load forecasting at lower aggregation
level or for individual customers in the distribution grid. By using historical SM data, models
for load forecast can be developed to estimate residential demand for day-ahead applications
e.g., day-ahead energy markets and also to minimize the imbalance cost to the energy suppliers.
Moreover, it can provide more insight for the DSOs on the state of the distribution grid.
However, none of the literatures discussed about using load forecasting as an input to DR
markets. SM data can be used for load forecasting at lower aggregation level to identify
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congestion in the distribution network with more accuracy. Moreover, the load forecast from
lower aggregation level can be used as an input to create market based solution for DR. Hence,
the project has identified research questions relevant to load forecasting based on data from SM
to identify the data granularity requirement from future CUI. The possible benefits of load
forecasting to the customers and the DSOs have been considered while developing the research
questions.

Possible benefits (beneficiary):

o Accurate load forecast can help to reduce supplied energy cost and minimise cost of
loss in the system which in turn will benefits the customers by keeping low cost for
per kWh energy. (customer)

o Understanding the changes in demand patterns in more detail and help produce more
useful demand forecasts.(DSO)

o Plan the resources and also take control actions to balance the electricity supply and
demand. (DSO)

Next step:

More cost effective operation and to be able to forecast grid problems like congestions and
undesired voltage variation is to improve existing load forecasting models. To able to make a
cost efficient forecasting there is also a need to determine the minimum requirement of smart
meters and its communication system and at what aggregation level is the forecasting needed.

3.1.5 Load composition identification (using Function 2)

By measurements at high samplings rate in a single point it is possible to identify what actual
loads are connected at the moment to the system [28]. To be able to identify the loads with a
90% accuracy, at least 600 Hz measurements is needed [28, 29] and the higher the samplings
rate, the higher will be the accuracy. The idea is based on load identification of the load
signatures, based on studies of active power and/or reactive power and /or voltage noise in
steady state or during start (transient behavior) [29].

By having an active monitoring of actual loads that are connected could be very useful in many
situations for the customer but also for the DSO. The customer could get direct feedback on
which appliances that they use which can teach them how they use their electricity. Normal
feedback is made by a power or energy value but it is hard for almost all people to understand
for what purpose they actually have consumed the power. This is especially hard for children
or elderly people that might need more guidance which these measurements provide. Such a
system will not only warn if the power consumption is too high but also which appliances that
creates the problem. The information could also be sent to others and thereby create a
monitoring system which could be a very useful tools for example monitoring elderly people in
their homes if things are happening or perhaps more important not happening. Also children
staying home alone could get support by this system since a parent could help not forgetting to
turn of the stove etc.

Possible benefits (beneficiary):
o Direct feedback on which appliances that they use and how the device consume
electricity.(customer)
o Monitoring elderly people in their homes if things are happening or not happening.
(customer)
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o The DSO could use the system to get a better understanding of the behavior of
customer group and understand how different life styles effect the consumption but
also see changes in the behavior earlier and be able to meet new requirements
faster.(DSO)

o The information could also be used for more effective energy saving advices. Since only
some of the loads are useful for DSM, such a system could be used to identify the
possibilities and the current potential and perhaps also forecast the development of the
potential, both short and long term. (DSO)

Next steps:

To be able to serve customers in a cost efficient way about how they are using electricity, there
is a need to design an algorithm to distinguish between different loads with a minimum
requirement of the SM and also to find out which information needs to be communicated to the
customer/DSO/aggregator/adviser so that the customer is able to make well considered
decisions of the electricity use.

3.2 Demand flexibility and grid services from the customers

3.2.1 Demand side management (DSM)/Demand Response (DR)(using Function 4)

*  Overview of Demand side management (DSM )/Demand response (DR):

Demand side management (DSM)/Demand response (DR) technique, a tool for load shaping
that can redistribute energy demand over a certain period, to get higher utilization in power
grids rather than extensive constructions. The ability of the customers to manage their electricity
demand in response to market prices (or some other system-related information) is generally
referred to as demand flexibility or DR [37]-[38]. According to DSM principles, customers may
decide to subscribe an agreement which can give the utility the freedom to proceed with load
curtailments in presence of peaks of energy demand. Among techniques for DR, flexible pricing
is an effective tool that can enable users to consume more rationally and more efficiently. In
flexible pricing, the basic idea relates electricity prices to grid real-time operation rather than
setting average prices, 1.€., the price rises when there is a high demand for power causing heavy
load, and falls at a low demand. This contributes to demand side’s reduction of peak load and
load shifting from peak hours to off-peak hours, resulting in a lower peak-to-average ratio in
load shaping. There are different flexible pricing methods such as flat pricing, peak load pricing,
adaptive pricing, and time-of-use pricing.

As an alternative to time-varying prices to consumers which prompt customers to reduce
demand at times of high price, remote control commands can be sent through SMs for DSM
using Direct Load Control (DLC) to reduce demand automatically. According to [30, 31], in
the U.K. and the USA, appliances that are fitted with load control devices, can detect a
frequency drop in the power system and disconnect load automatically. A DLC function will
be available in the proposed smart metering system in the U.K to control domestic appliances
and will be used by any actor operating in the power system to vary the DR available for
transmission system operator [32].
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From the customers’ point of view, DR scheme ability will enable the customers’ better
understanding of their own consumption patterns and thereby manage their demand in such a
way that minimize their total electricity cost [33]. In the future, the customers may install their
own generation, such as roof-top PVs, other types of micro-generation, and may have other
types of loads such as PEVs and battery and thermal energy storage equipment. These add up
to the flexibility of the customers to manage their own energy consumption [34]. This also
opens up new market possibilities for the customers, including the energy export to the grid as
well as energy exchanges between customers. Another market possibility includes ancillary
services provided by customers’ flexibility, such as the voltage control and local network
congestion relief, and when aggregated in large scale, this would lead to the possibility to
provide for system frequency support services [35]. This can be done in small-scale as well as
in a larger scale through a new market player, usually referred to as an aggregator [36].

Possible problems by DRs

From the DSO’s point of view, demand flexibility can increase the uncertainty in the grid since
the customer’s behaviors are now changed which could lead to changes in times in peak demand
in the systems and more unpredictable power flow. In some cases, DR can lead to more flat
aggregated load profile, but in some cases it can lead to increased local peak demand which can
create a problem for the network operation and planning as has been shown in [52].

* Possibilities of DR/DSM for residential customers using future customer/utility
interface

With future customer/utility interface, the customers can be informed various useful
information, such as hourly (or even every 15 minutes) consumption, spot market prices,
weather forecast, etc., which can be used in the scheduling of their own demands within their
houses or buildings. DR implementation in residential sectors is a recent effort to improve
efficiency of the electricity market and stability of the power system. The two main aims of
these applications are to reduce electricity peak demand and to match the demand with
renewable energy [40]. The DR can be made more effective by fully and dynamically
integrating consumers, their loads, and information about their usage into the operation of the
grid. The smart metering system can help in realizing the interaction of consumers and power
systems [42]. The implementation of a smart metering system means that utilities will be able
to offer better targeted tariffs and introduce new business models based on real-time pricing or
active load control, which can be used to reduce high-cost of electricity consumption [41]. Data
collected from local loads and distributed energy resources by SMs can be provided to electric
power marketing system, DSO and electricity consumption management system. The electric
power marketing system will analyzes the load characteristics, the electricity consumption and
abnormal usage, to control the whole situation of the electricity market. Coordinating with the
generation information and weather forecasting, the market can forecast the future load demand
and electricity price, which will be released to users’ electricity consumption management
system [42]. With the information provided by smart metering system, power market,
Supervisory Control and Data Acquisition (SCADA) and distribution system, for advanced
control and the appropriate economic incentives by the utility, including load control and price
policy.

* Load modelling for DR/DSM:

With the development of the smart grid, there is a need for load models that can facilitate the
study of changes in electricity consumption in response to customer behavior and/or signals
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from a utility. Such load models are useful to evaluate the impact of DR at a distribution level.
For the load models to represent DR activities, the following characteristics are required [39]:
the models should cover all major types of controllable loads so that DR can be simulated
considering consumer choices instead of simple load curtailment. Moreover, the models should
be built according to the physical and operational characteristics of the appliances to reflect the
actual situation. Furthermore, the models should allow interfaces for external signals to simulate
the DR control actions and the algorithm should provide reasonable load diversification and
aggregation to represent the distribution circuit load profile.

In the context of DR application, residential loads are generally classified as critical loads and
controllable loads [40]. Critical loads refer to basic electricity consumption such as lighting,
refrigeration and freezing which cannot be scheduled in response to DR application. By contrast,
controllable loads include consumption of Heating, Ventilation and Air conditioning (HVAC),
PEVs, washing, drying and cooking. Controllable loads can further be classified as
thermostatically controlled loads and non-thermostatically controlled loads.

*  One example of DR model:

A DR system with SM that can implement DR locally is proposed in [43]. In their proposed
model, the SMs monitor the real time electric parameters such as voltage and current of the
power system and at the same time it communicates with the utility to receive utility messages.
However, how frequent the data needs to be measured is not mentioned in the paper. User
interface of the SM can be used to set up and display the configurations of the load response
strategy locally. Three inputs are considered in the DR model: utility message e.g., when power
system’s peak is happening and when over, measured or predicted power demands of the system
and the DR strategy which can be configured by user. The output of the DR drives digital output
of the SM directly. The users can set the load groups for shedding, e.g., HVAC is often a prime
candidate for load shedding. The most non-important load groups will be shed first while
reconnected last and the most critical load groups will be shed last while resumed first. Demand
situation matrix and DR mapping matrix can be configured in the model to get different
response operation in different situations.

*  Market for DR:

Markets where customers could participate, either directly or via an aggregator are the day-
ahead energy market (the spot market), intra-day market (adjustment market), different kinds
of ancillary service markets and other upcoming markets. The day-ahead market is the energy
market that buys and sells the electricity one day head. The intra-day market is cleared after the
day-ahead market and used mainly by market players for correcting for forecasting errors in
both production and consumption. Ancillary service markets are other markets mainly for
supporting the operation of the grid, such as the regulating power market in the Nordic countries.
The bids in the regulating power markets are also used for the transmission congestion
management purpose. In some of these markets, it is today not even possible for the residential
customer to participate, some does not even exist, but this will probably change over time.

*  Privacy based DR:

Some literatures e.g., [44-46] have discussed about privacy based DR. Information about the
household such as types of devices inside the house can be exposed from the fine-grained
energy consumption readings. Typical ON/OFF pattern of appliances like refrigerators or coffee
makers can be identified using steady-state monitoring techniques [44]. Moreover, higher
harmonics analysis with a sampling rate of 8 kHz allows the identification and separation of
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loads like incandescent light bulbs and computers from the aggregated current signal.
Furthermore, media content displayed on a TV can be identified with a sample rate of 2 Hz over
aperiod of 5 min [45]. A common approach to secure privacy is to use a local battery for altering
the power consumption profile of a house. In [44,] One Level Consumption (OLC) method is
proposed to use with DR management which can hide most EV charging signals and also
proposed Maximum Difference method which can hide all EV charging signals.

* Reporting available DR from domestic appliances by sending only measurement
changes

Reporting available DR from domestic appliances is examined in [32]. Aggregated load profile
is constructed by using load profiles of fridges, cooking appliances and washers and dryer
which later on used to calculate the average number of load changes in a typical house, at LV
substation, and at high voltage substation. it was assumed that a domestic load controller
installed in each house, calculates the power consumption of three load groups (fridges and
freezers, washers and dryers, and hobs and ovens) at every minute which are available for DR
by DLC and sends the calculated values through the SM. The consumers can decide to join a
load control scheme and there will be incentives for those who are joining to provide DR.
Typical load curves of appliances and probability of appliance use are used from reference work
to construct load profiles of different load groups. It is shown that by aggregating and sending
only measurement changes, the number of bytes sent per minute through the smart metering
communication system could be reduced from 162 M to 30 k for UK smart metering system.

* DR for voltage control and congestion management:

Different DR schemes are proposed in [47-50] for voltage control and congestion management
in a distribution network. In [47], a scheduling model is proposed to adjust the load level of a
given customer in response to hourly electricity price. The impact of the distribution congestion
price based market mechanism is investigated in [50] to manage congestion in a distribution
network. The congestion charge is proposed based on locational marginal price, and is used to
charge the customer with demand that causes the problem. Another DR control mechanism is
proposed in [48] for primary voltage control of an active distribution network by using
controllable thermostatic appliances. In [49], economic incentives are proposed for DR with
respect to congestions to mitigate potential overloads in the distribution system. However, the
calculation method of incentives is not mentioned in the paper.

* Idea for congestion management by new market based solution enabled by DSO

DR itself could cause problem in the distribution network if almost all customers are active in
the DR scheme. Instead of peak shaving, the peak could occur at another time and grid
congestion could occur due to DR scheme. New market based solution enabled by DSO could
be helpful in this case to avoid congestion in the distribution grid and also to control the voltage
within the acceptable limit. Accurate load model and load forecast using SM data would then
be helpful to identify the congestion in the grid and take necessary action quickly to solve the
problem. However, none of the literatures discussed about using load modelling (based on SM
data) and load forecasting (based on SM data) as inputs to the market for DR. This project has
found that a bidding market, managed by the DSO and based on DR could be an interesting
idea to investigate where load modelling and load forecasting could be the input to the market.
Hence, the project has identified research questions related to market based solution for DR to
ensure customers’ participation in the market. The possible benefits of the market based
solution for DR has considered both for the customers and the DSOs.
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Possible benefits (beneficiary):

o Enable the customers’ better understanding of their own consumption patterns.
(customer)

o Manage their demand in such a way that minimizes their total electricity cost.
(customer)

o Flexibility of customers to open up new market possibilities for e.g., energy exchanges
between customers and or to the grid, and ancillary services. (customer)

o Active customers can, in many cases, lead to flattened load profiles which contribute to
peak demand reduction for the distribution grid. This in turn leads to reduced needs for
grid reinforcement (i.e., installations of new transformers or cables), i.e., a big cost
savings for the DSOs. (DSO)

The challenge here is how to promote the DR while maintaining the physical constraints of the
distribution systems. This would lead to a number of research questions which are important to
address.

Next steps:

To be achieve the most cost efficient operation of a grid and still enable the customers to be
active is there a need to find the minimum requirements for the future CUI but also to quantify
the benefits of DR for the customers, distribution system and the society. Also the DRs role in
grid support needs to be further investigated but also how can be incorporate into the daily
operation. Another issue is to find a strategy to manage the demand flexibility for a large
number of customers to make sure the DSO point view is taken into consideration.

3.2.2 Abnormal-behavior alarm services (using Function 5)

Another function for the SM is that the meter can identify what is happening at the customer.
Based on measurements the meter could provide different types of alarm to the customer so that
he/she will be able to act but the DSO could also act on it if the customer approves it. Some of
the things that the system could detect are:

Abnormal high load or abnormal constant load which could perhaps be if someone is
stealing electricity or something is broken or soon will break. An example of the latter is when
the thermostat in a freeze breaks.

Abnormal low load could be problem in a fuse or something has been broken. This is problem
if electricity is needed for example to prevent freezing in building or a pipe. If a freezer is turned
off there is both a risk of destroying the content of the freezer but also to prevent water damages
due to leaking content for the freezer.

Abnormal fast changes in the load could occur when something is about to break.

Possible benefits (beneficiary):

o Alarm to the customer so that the customer will be able to act at an early stage of
problem. (customer)

o Alarms can also be received remotely. (customer)

o The DSO could avoid voltage dips in the grid if fewer faults occur at the customer side.
The relation to the customers would also improve because they will get more value for
their money. This task could also be valuable for example for insurance companies since
this might reduce their costs. (DSO)

Next step:
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By the use of the smart meters much more support can be given to the customers and thereby
creating more good will and a better relation with the customers. A good relation may help if
there will be a need for load shedding for grid operation. However, to achieve this is there need
to investigate what different types of the abnormalities that can be identified and what are the
minimum technical requirement of the smart meter, internal memory size and sampling rate.

3.2.3 Multi-energy carrier systems (interactions between different forms of energy
services) (using Function 6).

Different consumers (industrial, commercial, or residential) require different forms of energy
services provided by different networks, including e.g., electricity, natural gas, and district
heating/cooling. The different energy delivery networks have been traditionally designed and
operated independently of each other. In a world where we consider no boundary between
different networks, the can interact with each other and can lead to synergy effects in terms of
savings to both the systems and their users [51]. The future networks are those with flexibility
to store (electricity, heat, gas) and convert (e.g., power to gas and gas to power, electricity to
heat and heat to power, transportation by electric vehicles or by gas) from one form to another.
From a system perspective, possibility to combine the future networks into a multi-energy
carrier offers higher degree of optimization for utilization of energy resources as well as the
transmission and distribution infrastructures.

From the demand level, multi-energy carrier networks are particularly relevant in urban areas
where manifold networks interact closely within districts and cities, with the potential to
develop “Smart Communities” and “Smart Cities”. The future CUI may have the possibility to
integrate information on electricity consumption with information on other energy services,
such as heating/cooling and natural gas (if available). This would enable the customers to
control and optimize their energy consumptions to achieve the lowest energy bills.

In the case of GEAB, the focus will be on interaction between the electricity supply system and
district heating supply system. Such interactions could be found in, for example:

o Inlarge houses or buildings with heating by both district heating and electrical heating
(either by electric heaters or by heat pumps) available, depending on the level of spot
price of electricity and district heating, the users might chose to switch to use district
heating or electrical heating or both.

o Hot water from district heating and water heated by the washing machine itself. If the
washing machine has the possibilities for both options, there should be a possibility to
control how the hot water can be fed to the washing machine.

o In houses with electric hot water boilers, it is possible to coordinate the use of electric
hot water boilers and hot water from district heating. In Denmark, there are instances
that the users get paid for using the electric hot water boilers when the electricity price
went negative.

Possible benefits (beneficiary):
o Lowered total energy bills. (customer)
Lowered total energy used (DSO)
Lowered network losses (electricity, heating, gas) (DSO)
Reduced demand for investment in infrastructure (DSO)
Better management of network flow (e.g., reduced distribution network
congestion)(DSO)

(@)
o
(@)
o
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Next step:

One way to create a cost efficient operation of the electricity grid is to work together with the
other energy systems and share the costs but also allow the customer to use different types of
energy sources depending on price, availability and/or congestion in the infrastructure.
However, to achieve this is there a need to develop models of the multi-energy carrier network
and design the control infrastructure. Based on the model can optimization of the dispatch of
energies considering the constraints in networks, storage capacities, energy conversion
efficiencies and the scheduling methods of the local energy consumptions within houses,
buildings, or communities be made.
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4 Concluding remarks

The distribution grid facing a lot of new challenges within the closest 15 years like high
expectations on the quality of the supply. The grid should also support all new trends in demand,
like electric vehicles, and at the same time enable customers to participate in different markets,
both existing and future with a sustained quality and cost of the grid. To be able to develop
methods to meet all the challenges is a number of the research topics presented.

The most challenging is to meet the expected change in demand that is expected to happen due
new demand patterns due to fast behavior changes and new types of loads but also to meet the
demands of active costumers to participate in different types of markets. Active customers will
increased the covariations between loads. The level of covariations is an important factor during
design of any distribution grid to limit the cost. Higher covariations risk to increase congestion
problems in the grid, therefore there is a need to be able to identify where congestions may arise
before they actually happens to be able to take actions to avoid them or limit their consequences.
This can be done using the information from smart meters and on how different market work
and might work in the future. Load forecasting will also give information on voltage levels and
how the voltage will vary so the number of times when the voltage is not within its limitations
and reduced. There will also be a need to further develop the different methods for congestion
management and voltage variations. It is mainly the behavior of the load, which needs to be
studied to utilize the full positional of different operating conditions to be used as grid
congestion management method. In load modelling and forecasting is the smart meters
considered a key component to therefore there is a need to establish the minimum requirement
to allow a future use of this applications. If the requirement of the smart meters can be identified
before ordinary replacement of smart meters will the extra costs be low.
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