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(54) System for assigning an energy consumer to an energy provider

(57) The invention relates to a system for assigning
at least one energy consumer to at least one energy pro-
vider comprising: a consumer preferences retrieval de-
vice configured to retrieve data on at least one of the
following: at least one consumption data, at least one
desired source of energy, a location of the at least one
energy consumer; a data retrieval device, wherein the
data retrieval device is configured to gather continuously
or in time intervals data from a plurality of energy provid-
ers comprising at least one energy production provider
and/or at least one energy storage provider and from at
least one energy grid provider, and preferably from at
least one regulator and/or at least one meta-information
source; a prediction engine device, wherein the predic-
tion engine device is configured to predict a demand of
energy based on the data gathered by the consumer pref-
erences retrieval device and a production of energy
based on the data gathered by the data retrieval device;
and a ranking engine device, wherein the ranking engine
device is configured to rank pairs of energy consumers
and candidate energy providers or preferably to rank tri-
ples of energy consumers, candidate energy providers
and candidate energy grid provider under consideration
of the data gathered by the consumer preferences re-
trieval device, the data gathered by the data retrieval de-
vice and the prediction performed by the prediction en-
gine device.

The invention also relates to a system for joint opti-
mization of energy availability and network capacity in
an energy grid using at least one of the following: load
balancing, transport loss minimization, stable operation
of the power supply, in particular without oscillations, and

robust power supply, using a system for assigning at least
one energy consumer to at least one energy provider.
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Description

[0001] This invention relates to a system for assigning
at least one energy consumer to at least one energy pro-
vider. Further, a system for joint optimization of energy
availability and network capacity in an energy grid using
load balancing and/or transport loss minimization is pro-
vided.
[0002] In recent years, energy grid has been material-
ized in many countries as an efficient way to distribute
energy and interconnect the energy production points in
the public distribution network of energy. All types of en-
ergy sources are nowadays interconnected with the en-
ergy grid, such as traditional power plants (e.g. coal and
nuclear) as well as renewable energy (e.g. solar, wind,
etc). In many energy grids, accumulators of energy have
been introduced in order to store the overproduction of
energy and deal with the spikes in energy consumption
demands.
[0003] An energy grid can potentially assist in the op-
timal scheduling and assignment of energy production
and the adaption to the energy consumer needs.
[0004] Today, most of the energy is typically distributed
along a tree-like structure, i.e., the energy between pro-
ducers and consumers flows along unique paths.
[0005] However, energy flow topologies become more
complex and use multi-path propagation. This multi-path
propagation, i.e. not only propagation along a single path,
increases the transport capacity of the network and al-
lows for new ways to route energy flows by setting cor-
responding energy potentials, resistances, shifting phas-
es. Thus, energy consumers can be assigned "close-by"
producers along appropriate paths, depending on current
supply and transport network state.
[0006] The report "Framework and Roadmap for Smart
Grid Interoperability Standards, Release 2.0" (ht-
tp://www.nist.gov/smartgrid/up-
load/NIST_Framework_Release_2-0_corr.pdf) re-
leased by the National Institutes of Standards and Tech-
nology lays out a plan for transforming the nation’s aging
electric power system into an interoperable Smart Grid-
a network that will integrate information and communi-
cation technologies with the power-delivery infrastruc-
ture, enabling two-way flows of energy and communica-
tions.
[0007] In "The path of the smart grid", IEEE Power &
Energy Magazine, Volume 8, issue 1, p. 18-28, Janu-
ary/February 2010, Hassan Farhangi reports on the ris-
ing cost of energy, the mass electrification of everyday
life, and climate change as the major drivers that will de-
termine the speed at which such transformations will oc-
cur. Farhangi discusses flexibilities of future electricity
grids and points out potential network capacity problems.
[0008] US 6,745,105 B1 relates to a distribution net-
work including an energy source; a hydrogen production
facility connected to the energy source; a recipient for
hydrogen from the hydrogen production facility; and a
controller.

[0009] In "Column Generation for Transmission
Switching of Electricity Networks with Unit Commitment",
Proceedings of the International MultiConference of En-
gineers and Computer Scientists 2011 Vol II, IMECS
2011, March 16-18, Hong Kong (ht-
tp://www.iaeng.org/publica-
tion/IMECS2011/IMECS2011_pp1440-1443.pdf), Vil-
lumsen et al. refer to the problem of finding the minimum
cost dispatch and commitment of power generation units
in a transmission network with active switching.
[0010] In "RPL: The IP Routing protocol designed for
low power and lossy networks", Internet Protocol for
Smart Objects (IPSO) Alliance (http://www.cs.berke-
ley.edu/~jwhui/61owpan/IPSO-WP-7.pdf), Vasseur et
al. describe an IP routing protocol using dynamic metrics
changing over a period of time being configured to adapt
changing of node and link metrics.
[0011] In "Cloud-based demand response for smart
grid: Architecture and distributed algorithms", Smart Grid
Communications (SmartGridComm), 2011 IEEE Interna-
tional Conference on Communication, Networking &
Broadcasting , Components, Circuits, Devices & Sys-
tems, Computing & Processing (Hardware/Software),
Power, Energy, & Industry Applications, Hongseok Kim
et al., propose cloud-based demand response (CDR), a
novel demand response architecture for fast response
times in large scale deployments. The proposed archi-
tecture by Hongseok Kim et al., is in contrast to mas-
ter/slave based demand response where the participants
directly interact with the utility using host address-centric
communication.
[0012] The object of the invention is to provide an im-
proved system for assigning at least one energy consum-
er to at least one energy provider and to provide an im-
proved system for joint optimization of energy availability
and network capacity.
[0013] The object of the invention is solved with the
features of the independent claims. Dependent claims
refer to preferred embodiments.
[0014] The invention provides a system for assigning
at least one energy consumer to at least one energy pro-
vider comprising a consumer preferences retrieval de-
vice configured to retrieve data on at least one of the
following: at least one consumption data, at least one
desired source of energy, a location of the at least one
energy consumer.
[0015] The at least one consumption data may com-
prise at least one of the following: a desired amount of
energy, a desired time of delivery of the desired amount
energy which should be delivered, a desired period of
time of delivery of the desired amount of energy, a desired
price for the desired amount of energy, a desired price
range for the desired amount of energy.
[0016] The system for assigning at least one energy
consumer to at least one energy provider further com-
prises a data retrieval device, wherein the data retrieval
device is configured to gather continuously or in time in-
tervals data from a plurality of energy providers compris-
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ing at least one energy production provider and/or at least
one energy storage provider and from at least one energy
grid provider, and preferably from at least one regulator
and/or at least one meta-infonnation source.
[0017] An energy grid is an interconnected network
configured to deliver and/or route energy from energy
providers to energy consumers via one or more paths,
preferably a plurality of paths (multi-path), more prefer-
ably a plurality of redundant paths. An energy grid can
be preferably configured to deliver and/or route electric
power from energy providers to energy consumers, i.e.
a so-called electric grid, e.g. using wires. An energy grid
may also be configured to deliver and/or route gas from
energy providers to energy consumers, i.e. a so-called
gas grid, e.g. using pipelines.
[0018] An energy consumer can be a single consumer,
e.g. a single household, or a larger entity e.g. a company,
production site having several facilities. An energy con-
sumer can also be an administration unit, e.g. a city or
municipality. A consumer can have one or more appli-
ances and/or loads and/or entities.
[0019] In case the energy grid being configured to de-
liver and/or route electric power, an energy production
provider can be for example a provider having one or
more power plants, e.g. nuclear power plants or power
plants using fossil fuels, one or more solar collectors or
any other kind of renewable energy collectors and/or pro-
ducing facilities such as wind power stations or the like.
[0020] In case the energy grid being configured to de-
liver and/or route gas, an energy production provider can
be for example a provider having one or more oil refin-
eries or one or more gas processing plants or one or
more gas fields, e.g. natural offshore gas fields, or one
or more sites/facilities for fracturing, in particular hydrau-
lic fracturing (so-called "fracking"), or one or more town
gas production sites/facilities or one or more sites/facili-
ties for producing gas with anaerobic digestion or any
other kind of renewable gas.
[0021] The data gathered by the data retrieval device
from the energy production providers can be related to
the operational status, the amount of energy to be pro-
duced within a certain period of time and the intercon-
nection between the energy production provider and the
energy storage provider, a current overall energy con-
sumption, an expected energy consumption, the location
of the energy production provider in the energy grid and
the cost of the energy per unit.
[0022] In case the energy grid being configured to de-
liver and/or route electric power, an energy storage pro-
vider can be for example a telecommunications provider
having large battery-stocks as emergency supply for
maintaining their telecommunications network. An ener-
gy storage provider can also be a hydrogen-storage or
the like, e.g. as an intermediate energy storage in a solar
collecting farm.
[0023] In case the energy grid being configured to de-
liver and/or route gas, an energy storage provider can
be for example a provider having one or more gas res-

ervoirs, e.g. aquifer reservoirs, gas reservoirs using salt
formations, gas holders/gasometers. An energy storage
provider can also be a liquefied natural gas producer pro-
viding gas, in particular during peak-times when the de-
mand is high or can also be the energy grid provider itself
storing gas temporarily using line packing, i.e. increasing
the pressure in the pipeline in order to pack more gas
into the pipeline.
[0024] The data gathered by the data retrieval device
from the energy storage provider can be related to the
amount of energy stored in the energy storage, the
amount of stored energy to be dispensed within a certain
period of time, the interconnection between the energy
production provider and the energy storage provider, a
current overall energy consumption, an expected energy
consumption, the location of the energy storage provider
in the energy grid and the cost of the energy per unit.
[0025] An energy grid provider can hold and/or main-
tain at least one energy grid which is connecting the par-
ticipants of the energy grid/network. An energy grid can
comprise one or more paths (multi-path). The energy grid
can particularly comprise on ore more paths which are
redundant, i.e. one or more paths of the energy grid may
connect the same entities.
[0026] The energy grid providers may not be the same
as the energy production providers and/or energy stor-
age providers. However, the invention is not limited to
this case, but also applies for a joint energy production
and/or storage and/or energy grid provider. The data
gathered by the data retrieval device from the energy grid
provider can be related to current energy grid status, pos-
sible congestion of the energy grid, the level of possible
congestion, current capacity of the energy grid, overall
capacity of the energy grid, and possible malfunctions of
the energy grid.
[0027] The energy regulator can be a public authority
which mandates for example use of one sort of energy,
e.g. renewable energy, through taxes and tariffs to the
disadvantage of another sort of energy, e.g. fossil energy
and/or nuclear energy. The data gathered by the data
retrieval device from the energy regulator can be related
to taxes and tariffs of different sorts of energy and quota
of different sorts of energy.
[0028] Meta-information sources can be weather fore-
casters, news feeds, news networks or goods information
portals and first source exchange information portals,
e.g. to check the price of fossil fuels, e.g. crude oil. There-
fore the data provided by a meta-information source can
be weather information data, traffic information data,
news information data or data relating to price of fuels.
[0029] The system for assigning at least one energy
consumer to at least one energy provider further com-
prises a prediction engine device, wherein the prediction
engine device is configured to predict a demand of energy
based on the data gathered by the consumer preferences
retrieval device and a production of energy based on the
data gathered by the data retrieval device. The prediction
engine can be further configured to run continuously and
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to make prediction of the load in the energy grid.
[0030] The system for assigning at least one energy
consumer to at least one energy provider further com-
prises a ranking engine device, wherein the ranking en-
gine device is configured to rank pairs of energy consum-
ers and candidate energy providers under consideration
of the data gathered by the consumer preferences re-
trieval device, the data gathered by the data retrieval de-
vice and the prediction performed by the prediction en-
gine device. Preferably, the ranking engine device is con-
figured to rank triples of energy consumers, candidate
energy providers and candidate energy grid providers
under consideration of the data gathered by the consum-
er preferences retrieval device, the data gathered by the
data retrieval device and the prediction performed by the
prediction engine device.
[0031] According to an embodiment of the invention,
the ranking engine device is further configured to send
the ranking information to the candidate energy providers
and/or to the candidate energy grid providers. The rank-
ing information may comprise an ordered list wherein the
list comprises pairs of energy consumer - energy provid-
er. Preferably, the ranking information may comprise an
ordered list wherein the list comprises matched triples of
energy consumer - candidate energy provider - candidate
energy grid provider. The list may comprise ordered data
on which entity of the energy consumer, which one or
more paths of an energy grid of the energy grid provider
as well as which entity of the energy provider match to-
gether. The candidate energy provider may be an energy
provider which is considered by the ranking engine de-
vice to be the most suitable to deliver a certain amount
of energy to the energy consumer under consideration
of the consumer preferences gathered by the consumer
preferences retrieval device. The candidate energy grid
provider may be a energy grid provider which is consid-
ered being the most suitable by the ranking engine device
to have a respective energy grid capacity, the energy grid
not being congested or overloaded, currently not having
any malfunction in the energy grid.
[0032] The ranking engine device is further configured
to receive the response from the candidate energy pro-
viders and/or the candidate energy grid providers and
further configured to send the confirmation from candi-
date energy providers and/or the candidate energy grid
providers to the at least one energy consumer. In case
that the response from the candidate energy providers
and/or the candidate energy grid providers is negative,
the ranking engine device is further configured to send
the ranking information to the candidate energy providers
and/or to the candidate energy grid providers which are
second most suitable and to receive respective re-
sponse. In case of a further negative response the rank-
ing engine device is configured to subsequently send
ranking information to the candidate energy providers
and/or the candidate energy grid providers in the ranking
information until positive response (confirmation) is sent
back. The ranking engine device is further configured to

assign the at least one energy consumer to at least one
selected energy provider and/or at least one selected
energy grid provider according to an energy consumers
selection of the candidate energy providers and/or the
candidate energy grid providers based on the ranking
information.
[0033] According to another embodiment of the inven-
tion, the system for assigning at least one energy con-
sumer to at least one energy provider further comprises
a user preferences retrieval device configured to retrieve
data on at least one ranking preference and/or ranking
algorithm and configured to submit the data to the ranking
engine device.
[0034] A ranking preference and/or ranking algorithm
may comprise a pre-specified selection of specific energy
providers and/or energy grid providers. This pre-speci-
fied selection may be dependent on the time of the day,
e.g. certain providers are preferred in the morning or at
peak hours, or other time conditions. Another ranking
preference may depend on the location of the energy
consumer, i.e. that the location of the energy consumer
falls within a preferred allocated area of a certain energy
provider and/or energy grid provider. Another ranking
preference may comprise at least one of the following: a
desired amount of energy which has to be delivered, a
desired time of delivery of the desired amount energy, a
desired period of time of delivery of the desired amount
of energy, a desired price for the desired amount of en-
ergy, a desired price range for the desired amount of
energy.
[0035] The ranking engine device is further configured
to perform the assignment under consideration of the da-
ta submitted by the user preferences retrieval device to
the ranking engine device.
[0036] According to another embodiment of the inven-
tion, the system for assigning at least one energy con-
sumer to at least one energy provider further comprises
a consumer request processing device and a consumer
profile database, wherein the consumer request process-
ing device is configured to retrieve at least one energy
consumer request. The consumer request may comprise
a certain amount of energy within a certain amount of
time. The request may further comprise information on
whether a certain amount of energy within a certain
amount of time should be delivered once or on a regular,
e.g. monthly-contract, basis.
[0037] The consumer profile database is further con-
figured to record and store a profile of each of all energy
consumers comprising the history of the activity and as-
signments of each of all energy consumers. The activity
may comprise information on how much energy within a
certain period of time an energy consumer has consumed
and/or purchased or is currently consuming and/or pur-
chasing, which mode of payment the energy consumer
had chosen (e.g. on a prepaid or contract basis; payment
per purchase or fixed-term contract for a period of time),
whether the energy consumer has any open accounts or
the like. The assignments which are comprised in the

5 6 



EP 2 775 446 A1

5

5

10

15

20

25

30

35

40

45

50

55

stored profiles may comprise all previous assignments
of the energy consumer to the energy grid provider and/or
energy consumer.
[0038] According to another embodiment of the inven-
tion, the consumer request processing device is further
configured to submit the at least one consumer request
to the consumer profile database. The consumer profile
database is further configured to subsequently submit
data on at least one of the following: the profile of the at
least one energy consumer, at least one profile of at least
one stored similar energy consumer and the assignments
of all stored energy consumers in the energy grid to the
consumer request processing device. In addition, the
consumer request processing device is further config-
ured to submit the data received by the consumer profile
database to the ranking engine device. The ranking en-
gine device is further configured to perform the assign-
ment under consideration of the data submitted by the
consumer request processing device to the ranking en-
gine device.
[0039] According to another embodiment of the inven-
tion, the system for assigning at least one energy con-
sumer to at least one energy provider further comprises
a price estimator device configured to estimate the cost
of at least one energy consumption of the at least one
energy consumer retrieved by the consumer preferences
retrieval device and/or further comprising a data storage
device configured to store the data retrieved by the data
retrieval device. The price estimator may have access to
a price database which may incorporate the current
and/or planned prices and cost for energy consumption
and/or energy grid usage related to a plurality of energy
providers and/or energy grid providers. The ranking en-
gine device is further configured to perform the assign-
ment under consideration of the data submitted by the
price estimator device to the ranking engine device.
[0040] According to another embodiment of the inven-
tion, the prediction engine device is further configured to
predict the demand of energy and the production of en-
ergy based on the data submitted by the user preferences
retrieval device to the prediction engine device.
[0041] According to another embodiment of the inven-
tion, the prediction engine device is further configured to
predict the demand of energy and the production of en-
ergy based on the data submitted by the consumer re-
quest processing device to the prediction engine device.
[0042] According to another embodiment of the inven-
tion, the prediction engine device is further configured to
predict the demand of energy and the production of en-
ergy based on the data submitted by the price estimator
device to the prediction engine.
[0043] According to another embodiment of the inven-
tion, the prediction engine device is further configured to
predict possible congestions of the energy grid, the level
of possible congestions, current capacity of the energy
grid, overall capacity of the energy grid, and possible
malfunctions of the energy grid based on the data sub-
mitted by at least one of the following: the consumer pref-

erences retrieval device, the data retrieval device, the
user preferences retrieval device, the consumer request
processing device as well as price estimator device.
[0044] According to another embodiment of the inven-
tion, the system for assigning at least one energy con-
sumer to at least one energy provider further comprises
an automated matching device configured to automati-
cally select at least one energy provider of the candidate
energy providers and/or select at least one energy grid
provider of the candidate energy grid providers based on
the ranking information.
[0045] According to another embodiment of the inven-
tion, the system for assigning at least one energy con-
sumer to at least one energy provider further comprises
a routing device configured to control routing of energy
from the at least one energy production provider or the
at least one energy storage provider to the at least one
energy consumer, wherein the routing device is prefer-
ably configured to control routing of energy from the at
least one energy production provider or the at least one
energy storage provider to the at least one energy con-
sumer by at least one of the following: dynamic switching,
adjusting potentials, adjusting resistances, shifting phas-
es, routing the energy through a plurality of energy paths
of the energy grid in parallel. Dynamic switching in this
context refers to switching the current between different
paths. For example, dynamic switching techniques
known from computer switches can be used for switching
between different energy paths.
[0046] According to another embodiment of the inven-
tion, the routing device is configured to control routing of
energy from the at least one energy production provider
or the at least one energy storage provider to the at least
one energy consumer under consideration of the data
gathered from the at least one energy grid provider.
[0047] According to another embodiment of the inven-
tion, the routing device is configured to control routing of
energy from at least one energy plant and/or at least one
energy storage to at least one appliance of the at least
one consumer via at least one path of the at least one
energy grid.
[0048] The invention also relates to a system for joint
optimization of energy availability and network capacity
in an energy grid using one or several of the following:
load balancing and/or transport loss minimization, stable
operation of the power supply, in particular without oscil-
lations, and/or robust power supply using a system for
assigning at least one energy consumer to at least one
energy provider and/or using a system for predicting a
demand and production of energy preferably according
to any of the aforementioned systems.
[0049] The present invention relates to a universal sys-
tem that assigns energy consumption of a user to an
energy supply in a user-specified manner, i.e. jointly op-
timizing resource availability, consumer preferences as
well as energy grid capacity constraints, taking into ac-
count multifaceted needs of the energy consumption us-
ers in real time, the production of energy from all the
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energy producers, the capacity and state of the energy
grid electricity transport network, the location of the en-
ergy production and the location of the user in the energy
grid, as well as meta-information such as the weather
and the price of energy per unit. Moreover, existing ap-
proaches focus on when to schedule production and con-
sumption, not being aware of the transport network be-
tween producers and consumers, and when these ap-
proaches assign consumers to producers, they do not
jointly optimize energy availability and transport network
by taking into account various external information.
[0050] The invention achieves network-aware assign-
ment of energy consumers to energy providers compris-
ing energy production providers and energy storage pro-
viders using the energy grid. The assignment is per-
formed in the sense that the decision of assigning con-
sumption to a particular energy producer or source of
energy as well as energy routing is based on information
that is collected from the user activity, the load in the
energy grid, supply/demand statistical data (e.g., weath-
er), the type of the source of energy, the distance of the
user from the energy production point or the energy ac-
cumulator. The system achieves optimal assignment
(with respect to criteria indicated by system users, e.g.
a joint optimization of energy availability and network ca-
pacity) of consumers based on the available energy pro-
viders and their state. For example, the system may joint-
ly balance the network and supply load in the energy grid,
thus offering robustness and efficient operation.
[0051] The invention provides an information system
that is also aware of the transport network between pro-
ducers and consumers, and when assigning consumers
to producers, jointly optimizes energy availability and
transport network by taking into account various external
information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052]

Fig. 1 shows a schematic diagram of a system for
assigning at least one energy consumer to at least
one energy provider according to an embodiment of
the invention;

Fig. 2 shows a schematic diagram of the input data
of system for assigning at least one energy consum-
er to at least one energy provider according to an
embodiment of the invention; and

Fig. 3 shows a schematic diagram of a system for
assigning at least one energy consumer to at least
one energy provider according to another embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0053] Figure 1 shows a schematic diagram of a sys-

tem for assigning at least one energy consumer to at
least one energy provider according to an embodiment
of the invention. This and the following embodiments of
the invention relate to the case that the energy grid is
configured to deliver and/or route electric power. How-
ever, the invention is not limited to this particular case
but is analogous applicable and/or adaptable to other
types of energy grids delivering and/or routing other types
of energy, e.g. gas. When consumers (300) provide in-
formation about their energy consumption - per one-time
request or on a regular, e.g. monthly basis - the system
for assigning at least one energy consumer to at least
one energy provider computes an assignment for theses
consumers (300) to an energy provider (410, 420), i.e.
an energy production provider (410) or an energy storage
provider (420).
[0054] The energy production provider (410) can be
for example a provider having one or more power plants
- e.g. nuclear power plants or power plants using fossil
fuels - solar collectors or any other kind of renewable
energy collectors and/or producing facilities such as wind
power stations or the like. The energy storage provider
(420) can be for example a telecommunications provider
having large battery-stocks as emergency supply for
maintaining their telecommunications network. The en-
ergy storage provider (420) can also be a hydrogen-stor-
age or the like, e.g. as an intermediate energy storage
in a solar collecting farm.
[0055] The energy consumers (300) as well as the en-
ergy providers (410, 420) are connected to the energy
grid (500). The assignment is performed according to
preferences of the user (200) of the system (100) and
optimization requests by the system users (200).
[0056] Once the assignment is performed the energy
flow is routed from the energy providers (410, 420) to the
energy consumer (300) by traversing the energy grid
(500) infrastructure by using a plurality of paths, e.g. re-
dundant paths in parallel known as multi-path electricity
routing and by adjusting energy potentials, and resist-
ances accordingly. In other words, the routing is not only
performed by conventional switching.
[0057] Hence, the system (100) finds a match between
the demand and request for energy of one or more energy
consumers (300) leading to an energy consumer (300)
being assigned to an appropriate energy provider (410,
420), in a user-specified manner resulting in a joint opti-
mization of supply availability and other crucial factors
as e.g. minimized distance that the energy is transferred,
minimized load of the energy grid (500), maximized ca-
pacity of the energy grid (500), or balance in the energy
grid (500). The consumer assignment also depends on
the consumer preferences, e.g. the price of the electricity
per unit or the source of the electricity (e.g. nuclear, fossil,
or renewable).
[0058] Fig. 2 shows a schematic diagram of the input
data of the system for assigning at least one energy con-
sumer (300) to at least one energy provider (410, 420)
according to another embodiment of the invention.
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[0059] The energy consumer (300) sends consump-
tion information/consumption data to the system (100)
on a regular basis or per request, and demands for a
certain amount of energy for a given time. Alternatively,
the energy consumer (300) can request for receiving en-
ergy as long as its request is valid or is not revoked. The
consumer (300) may also specify its budget, the source
of the energy (nuclear, renewable, coal etc.), and also
send data related to his/her location. The consumption
information/consumption data may also comprise the de-
sired time of delivery of the desired amount energy, the
desired period of time of delivery of the desired amount
of energy, the desired price for the desired amount of
energy, and/or the desired price range for the desired
amount of energy the consumer (300) is willing to pay.
[0060] The location may vary over time, so that data
related to the location may be particularly important, in
case the energy is required for an electric vehicle.
[0061] In addition the system (100) also requests
and/or retrieves data from the energy provider (410, 420).
The data comprises operational status of the energy pro-
vider (410, 420) as well as their respective energy pro-
viding facilities, plants, or storages, the amount of energy
to be produced or ready to be delivered within a certain
period of time, the possible interconnection between the
energy production provider (410) and the energy storage
provider (420), the current overall energy consumption,
the expected energy consumption, the location of the en-
ergy provider (410, 420) in the energy grid (500) and the
cost of the energy per unit. The request and/or retrieval
of data from the energy provider (410, 420) can be per-
formed on a regular basis, i.e. it may vary from seconds
to minutes depending on the agreement between the en-
ergy providers (410, 420) and the operator of the system
(200) about the energy consumption, the remaining en-
ergy consumption, the location that interconnect in the
energy grid (500) and the cost of the energy per unit. The
communication between the system (100) and the ener-
gy production providers can be either on a pull- or push-
basis.
[0062] Another input data of the system (100) is the
data requested and/or retrieved from the energy regula-
tor (600). The energy regulator (600) is a public authority
which mandates for example the use of one sort/source
of energy, e.g. renewable energy. The data gathered by
system (100) from the energy regulator (600) can be re-
lated to taxes and tariffs of different sorts of energy and
quota of different sorts of energy.
[0063] The system (100) also requests and/or retrieves
as another input data from the energy grid provider (700).
The energy grid provider (700) holds and maintains the
energy grid (500) which is connecting the participants of
the energy grid (500) /network, e.g. the consumer (300)
and the energy provider (410, 420). The data retrieved
by the system (100) from the energy grid provider (700)
can be related to current energy grid status, possible con-
gestion of the energy grid (500), the level of possible
congestion, current capacity of the energy grid (500),

overall capacity of the energy grid (500), and possible
malfunctions of the energy grid (500).
[0064] A further input data of the system are data pro-
vided by meta-information sources (800) related to the
weather - e.g. current and expected weather conditions
- , related to the car and public transportation traffic, re-
lated to the latest news - e.g. major sports events or im-
portant political speeches, or related to current and ex-
pected price of fossil fuels as petroleum for example.
Meta-information sources (800) are therefore weather
forecasters, news feeds, news networks or goods and
first source exchange information portals. The data can
be retrieved automatically either using a pull mechanism
or a push mechanisms from the Meta-information sourc-
es (800), e.g., by RSS (rich site summary).
[0065] After the system (100) has taken into account
all input data, it makes a prediction of pairs of energy
consumer (300) - energy provider (410, 420) and addi-
tionally gives a ranking of the best matched pairs in an
ordered fashion. Preferably, the system (100) makes a
prediction of triples of energy consumer (300) - energy
provider (410, 420) - energy grid provider (700) and ad-
ditionally gives a ranking of the best matched triples in
an ordered fashion. Consequently the system (100) out-
puts different options to the user (200) of the system (100)
according to the ranking. The system user (200) can man-
ually select the best matched pair or the best matched
triple, or the system user (200) can rely on an automated
matching algorithm performed by the system (100). With
the automated matching algorithm enabled, the consum-
er (300) is automatically assigned to the best choice ac-
cording to best matched pair with the highest score to
the energy provider (410, 420), in case the system (100)
makes a prediction of pairs of energy consumer (300) -
energy provider (410, 420). With the automated matching
algorithm enabled, the consumer (300) is automatically
assigned to the best choice according to best matched
triple with the highest score to the energy provider (410,
420) and the energy grid provider (700), in case the sys-
tem (100) makes a prediction of triples of energy con-
sumer (300) - energy provider (410, 420) - energy grid
provider (700). A receipt of the purchase of power is also
sent back to the user (200).
[0066] The system also reports to the user (200) which
energy consumer (300) is assigned to each energy pro-
vider (410, 420) for billing and operational reasons. In
addition, an energy production provider (410) can also
be a consumer (300) and/or user (200) of the system
(100) by requesting for storing over-produced energy to
an energy storage of an energy storage provider (420).
The communication between the system and the energy
providers (410, 420) can be either on a pull- or push-
basis. The system (100) also reports back to user (200)
statistics of the operation and maintains logs of all its
decision on assigning consumers (300) to energy pro-
duction providers (410) and energy storage providers
(420). The logs can be used for troubleshooting and also
can prove the smooth operation of the system (100).
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[0067] Fig. 3 shows a schematic diagram of a system
for assigning at least one energy consumer to at least
one energy provider according to another embodiment
of the invention. The user (200) queries the system (100)
and specifies ranking preferences. The ranking prefer-
ences are retrieved by the user preferences retrieval de-
vice (105). Alternatively, the user preferences retrieval
device (105) can be omitted and default ranking prefer-
ences can substitute user ranking preferences.
[0068] As mentioned before, the consumers (300)
send consumption information/consumption data or re-
quests to the system (100) on a regular basis or per one-
time demand and request either for a certain amount of
energy for a given time, or for receiving energy as long
as the request is valid or not revoked. The consumer
(300) can also specify its budget, the source of the energy
(nuclear, renewable, coal etc), and also send his/her lo-
cation. As already mentioned before, the consumption
information/consumption data may also comprise the de-
sired time of delivery of the desired amount energy, the
desired period of time of delivery of the desired amount
of energy, the desired price for the desired amount of
energy, and/or the desired price range for the desired
amount of energy the consumer (300) is willing to pay.
[0069] The request is received by the consumer pref-
erences retrieval device (101). The consumer request
processing device (106) submits the request retrieved
by the consumer preferences retrieval device (101) to
the consumer profile database (107). The consumer pro-
file database (107) records the activity and assignment
of all the energy consumers (300) in the energy grid (500).
The consumer profile database (107) replies with the pro-
file of the respective energy consumer (300), along with
the aggregated profile of similar energy consumers, as
well as the aggregated profile of all the energy consumers
in the energy grid (500).
[0070] When all the data is retrieved, the data along
with the request of the energy consumer (300) is sent to
the ranking engine device (104) with a request for ranking
of all the possible pairs of energy consumer (300) and
available candidate energy providers (410, 420), i.e. the
available candidate energy production providers (410)
and candidate energy storage providers (420). Prefera-
bly, when all the data is retrieved, the data along with the
request of the energy consumer (300) is sent to the rank-
ing engine device (104) with a request for ranking of all
the possible triples of energy consumer (300), available
candidate energy providers (410, 420), and available
candidate energy grid provider (700). Then, the ranking
engine device (104) is sending a request to the prediction
engine device (103) and as well as a request to the data
retrieval device (102).
[0071] The prediction engine device (103) is always
running reporting a prediction of the demand and pro-
duction of the energy based on the data gathered by the
consumer preferences retrieval device (101) and a pro-
duction of energy based on the data gathered by the data
retrieval device (102).

[0072] The data retrieval device (102) gathers informa-
tion from the stakeholders, namely the energy production
providers (410), energy storage providers (420), regula-
tors (600), energy grid providers (700), and meta-infor-
mation sources (800) as shown in Fig. 2. In case the
interfaces of the stakeholders are not reporting correctly
or in case of failure a data storage device (109) acts as
a backup system that provides the recent view of the
energy grid (500) and the reported energy consumption
and energy storage. A view represents a snapshot of the
state of the energy grid (500) at a particular time. The
state of the energy grid (500) comprises at least one of
the following: the loads, the topologies as well as the
availabilities of the energy grid (500). The data storage
device (109) can also store and back up any data re-
trieved by the data retrieval device (102). The data stor-
age device (109) is regularly updated and also maintains
the logs of all the interactions and decisions for billing,
troubleshooting and maintenance.
[0073] The price estimator device (108) estimates the
cost of the requested energy consumption of the energy
consumer (300) considering the cost of the energy per
unit of the respective energy providers (410, 420).
[0074] Once all the data from the consumer preferenc-
es retrieval device (101), the data retrieval device (102),
the prediction engine device (103), the user preferences
retrieval device (105), the consumer request processing
device (106) as well as price estimator device (108) is
available, the ranking engine device (104) combines the
prediction from the prediction engine (103), the feedback
of the candidate energy production providers (410) and
energy storage providers (420) and/or candidate grid pro-
vider (700), the preferences of users (200), the prefer-
ence and location of energy consumer (300), as well as
the price as estimated from the price estimator (108).
[0075] In addition, all the data gathered from the con-
sumer preferences retrieval device (101), the data re-
trieval device (102), the user preferences retrieval device
(105), the consumer request processing device (106) as
well as price estimator device (108) is available, the rank-
ing engine device (104) can be used by prediction engine
device (103) in order to predict the demand and produc-
tion of the energy as well as possible congestions of the
energy grid (500), the level of possible congestions, cur-
rent capacity of the energy grid (500), overall capacity of
the energy grid (500), and possible malfunctions of the
energy grid (500).
[0076] Then, the ranking engine device (104) ranks
pairs of energy consumer (300) and candidate energy
providers (410, 420) or triples of energy consumer (300),
candidate energy providers (410, 420), and candidate
energy grid providers (700). Then the ranking engine de-
vice (104) sends the ranking along with the associated
pricing to data retrieval device (102) to be pushed to the
selected energy provider (410, 420) and in case of triples
to the selected energy grid provider (700), considered
being the most suitable by the ranking engine device
(104).
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[0077] in case the response is positive - i.e. in case of
confirmation of both, the selected energy provider (410,
420) as well as to the selected energy grid provider (700)
- the confirmed selection is sent to the energy consumer
(300). In case that the response from the candidate en-
ergy provider (410, 420) and the candidate energy grid
provider (700) is negative, the ranking engine device
(104) is further configured to send the ranking information
to the candidate energy providers (410, 420) and/or to
the candidate energy grid providers (700) which are sec-
ond most suitable and to receive respective response.
In case of a further negative response the ranking engine
device (104) is configured to subsequently send ranking
information to the candidate energy providers (410, 420)
and/or the candidate energy grid (700) providers in the
ranking information until positive response (confirmation)
is sent back.
[0078] The confirmation is send to the consumer (300).
If the energy consumer (300) has activated the automatic
matching device of the system (100) (not shown) then
the confirmation is approved by sending an automatic
reply to the consumer request processing device (106).
The energy consumer (300) can also manually approve
the selection or even request for a new selection by send-
ing a revised request to the system (100). Until the energy
consumer (300) approves the request, the assignment
transaction is not complete. Only when the assignment
transaction is complete the data storage device and the
consumer profile database (107) mark the assignment
as valid. The chosen and confirmed selection, i.e. the
decision of an energy provider (410, 420) as well as a
energy grid provider (700) is sent back to the system user
(200). A copy of the decision is stored in the data storage
device (109) as well as in the consumer profile database
(107).
[0079] The system (100) additionally comprises a rout-
ing device (110). The routing device is configured to con-
trol routing of the requested energy from the selected
energy production provider (410) or the selected energy
storage provider (420) to the energy consumer (300) via
the energy grid (500). Therefore, the routing device (110)
is connected to the energy production provider (410), the
energy storage provider (420) and the energy grid pro-
vider (700) and is configured to provide requests or com-
mands for routing to them, see dash-dotted arrows in Fig.
3. The routing device (110) is thus controlling the routing
of the energy from the energy production provider (410)
or the energy storage provider (420) to the energy con-
sumer (300) via the energy grid (500) of the energy grid
provider (700) using dynamic switching, adjusting poten-
tials, adjusting resistances, shifting phases. In other
words, the routing device (110) can control routing of the
energy through a plurality of energy paths of the energy
grid (500) in parallel.
[0080] When routing, the routing device (110) consid-
ers the data gathered from the at least one energy grid
provider (700) by the data retrieval device (102), e.g. un-
der consideration of the current energy grid status, pos-

sible congestion of the energy grid (500), the level of
possible congestion, current capacity of the energy grid
(500), overall capacity of the energy grid (500), or pos-
sible malfunctions of the energy grid (500).
[0081] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and non-restrictive; the invention
is thus not limited to the disclosed embodiments. Varia-
tions to the disclosed embodiments can be understood
and effected by those skilled in the art and practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality and may mean "at least one".

Claims

1. A system for assigning an energy consumer to an
energy provider comprising:

a consumer preferences retrieval device config-
ured to retrieve data on at least one of the fol-
lowing: at least one consumption data, at least
one desired source of energy, a location of the
at least one energy consumer;
a data retrieval device, wherein the data retrieval
device is configured to gather continuously or in
time intervals data from a plurality of energy pro-
viders comprising at least one energy produc-
tion provider and/or at least one energy storage
provider and from at least one energy grid pro-
vider, and preferably from at least one regulator
and/or at least one meta-information source;
a prediction engine device, wherein the predic-
tion engine device is configured to predict a de-
mand of energy based on the data gathered by
the consumer preferences retrieval device and
a production of energy based on the data gath-
ered by the data retrieval device; and
a ranking engine device, wherein the ranking
engine device is configured to rank pairs of en-
ergy consumers and candidate energy provid-
ers or preferably to rank triples of energy con-
sumers, candidate energy providers and candi-
date energy grid providers under consideration
of the data gathered by the consumer preferenc-
es retrieval device,
the data gathered by the data retrieval device
and the prediction performed by the prediction
engine device.

2. The system according to claim 1, wherein the ranking
engine device is configured to send the ranking in-
formation to the candidate energy providers and/or
to the candidate energy grid providers and is config-
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ured to receive the response from the candidate en-
ergy providers and/or the candidate energy grid pro-
viders and further configured to send the confirma-
tion from candidate energy providers and/or the can-
didate energy grid providers to the at least one en-
ergy consumer and is further configured to assign
the at least one energy consumer to at least one
selected energy provider and/or at least one selected
energy grid provider according to an energy consum-
ers selection of the candidate energy providers
and/or the candidate energy grid providers based on
the ranking information.

3. The system according to claims 1 or 2, further com-
prising:

a user preferences retrieval device configured
to retrieve data on at least one ranking prefer-
ence and/or ranking algorithm and configured
to submit the data to the ranking engine device;
and
wherein the ranking engine device is further con-
figured to perform the assignment under consid-
eration of the data submitted by the user pref-
erences retrieval device to the ranking engine
device.

4. The system according to any of the claims 1 to 3,
further comprising a consumer request processing
device and a consumer profile database;
wherein the consumer request processing device is
configured to retrieve at least one energy consumer
request from the consumer preferences retrieval de-
vice; and
wherein the consumer profile database is configured
to record and store a profile of each of all energy
consumers comprising the history of the activity and
assignments of each of all energy consumers.

5. The system of claim 4, wherein the consumer re-
quest processing device is further configured to sub-
mit the at least one consumer request to the con-
sumer profile database and;
wherein the consumer profile database is further
configured to subsequently submit data on at least
one of the following: the profile of the at least one
energy consumer, at least one profile of at least one
stored similar energy consumer and the assign-
ments of all stored energy consumers in the energy
grid to the consumer request processing device; and
wherein the consumer request processing device is
further configured to submit the data received by the
consumer profile database to the ranking engine de-
vice; and
wherein the ranking engine device is further config-
ured to perform the assignment under consideration
of the data submitted by the consumer request
processing device to the ranking engine device.

6. The system of any of claims 1 to 5, further comprising
a price estimator device configured to estimate the
cost of at least one energy consumption of the at
least one energy consumer retrieved by the consum-
er preferences retrieval device and/or further com-
prising a data storage device configured to store the
data retrieved by the data retrieval device; and
wherein the ranking engine device is further config-
ured to perform the assignment under consideration
of the data submitted by the price estimator device
to the ranking engine device.

7. The system of any of claims 1 to 6, further comprising
an automated matching device configured to auto-
matically select at least one energy provider of the
candidate energy providers and/or select at least one
energy grid provider of the candidate energy grid pro-
viders based on the ranking information.

8. The system of any of claims 3 to 7, wherein the pre-
diction engine device is further configured to predict
the demand of energy and the production of energy
based on the data submitted by the user preferences
retrieval device to the prediction engine device.

9. The system of any of claims 4 to 8, wherein the pre-
diction engine device is further configured to predict
the demand of energy and the production of energy
based on the data submitted by the consumer re-
quest processing device to the prediction engine de-
vice.

10. The system of any of claims 6 to 9, wherein the pre-
diction engine device is further configured to predict
the demand of energy and the production of energy
based on the data submitted by the price estimator
device to the prediction engine.

11. The system of any of claims 1 to 10, wherein the
data on the at least one energy grid provider com-
prises data on at least one of the following: the en-
ergy grid capacity, the current energy grid capacity
utilization, the state of a energy grid; and/or
wherein the meta-information source provided at
least one of the following data:

weather information data, traffic information da-
ta, news information data, data relating to price
of fuels.

12. The system of any of claims 1 to 11, further compris-
ing a routing device configured to control routing of
energy from the at least one energy production pro-
vider or the at least one energy storage provider to
the at least one energy consumer, wherein the rout-
ing device is preferably configured to control routing
of energy from the at least one energy production
provider or the at least one energy storage provider
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to the at least one energy consumer by at least one
of the following: dynamic switching, adjusting poten-
tials, adjusting resistances, shifting phases, routing
the energy through a plurality of energy paths of the
energy grid in parallel.

13. The system of claim 12, wherein the routing device
is configured to control routing of energy from the at
least one energy production provider or the at least
one energy storage provider to the at least one en-
ergy consumer under consideration of the data gath-
ered from the at least one energy grid provider.

14. The system of any of claims 1 to 13, wherein at least
one energy grid is operated and/or maintained by
the at least one energy grid provider;
wherein the at least one energy grid comprises a
plurality of paths; and, if referring to claims 12 or 13,
wherein the routing device is configured to control
routing of energy from at least one energy plant
and/or at least one energy storage to at least one
appliance of the at least one consumer via at least
one path of the at least one energy grid.

15. A system for joint optimization of energy availability
and network capacity in an energy grid using at least
one of the following: load balancing, transport loss
minimization, stable operation of the power supply,
in particular without oscillations, and robust power
supply, using a system for assigning at least one
energy consumer to at least one energy provider
preferably according to any of claims 1 to 14.
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