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Introduction 
 
Current trends of increasing energy demand, present at both residential and 
industrial/commercial level, as well as constant rise of energy prices led to high energy 
related operation costs. This represents a great motive for introduction of energy conservation 
measures which may bring significant cost reduction as well as better saving of the 
environment. Typically, this objective can be achieved either through introduction of energy 
efficient equipment (e.g. efficient boilers, pumps etc.), which represents a costly solution, or 
employment of an Energy Management (EM) solution aiming at optimization of energy flows 
upon existing equipment, requiring only additional ICT support. The objective of this 
technical solution is to propose such EM solution which will leverage on the Supervisory 
Control and Data Acquisition (SCADA) systems sitting at particular entity (and additional, 
proprietary, energy consumption monitoring if necessary) and considers energy dispatch 
optimization of complex multi-carrier energy infrastructures. Furthermore, this technical 
solution introduces the energy management principle on the neighbourhood level which aims 
at taking the advantage of diverse energy assets located at each entity. 
 
The existing Energy Hub (EH) concept offers the modelling of energy flows from different 
energy carriers while satisfying the requested user demand [1]. The concept leverages on the 
conversion potential of a specific, constrained, domain referred as Hub which serves as a 
point of coupling between existing energy supply infrastructures and energy end use. The 
Hub basically represents a set of energy converters and/or storages which is responsible for 
delivering required energy by taking into consideration different conversion and/or storage 
options while meeting a desired optimization criterion. So far, many aspects of the EH have 
been thoroughly elaborated, thus emphasizing optimization potential of the concept owing to 
its flexible modelling framework, diverse technologies and wide range of energy carriers 
[2][3]. The latest research efforts even considered generalization of this concept by 
introducing renewable energy sources, which was first mentioned in [4]. 
 
However, considering that EH concept basically performs optimization of supply side, 
without affecting the desired energy demand. Therefore, the concept was previously 
strengthened with the introduction of additional, complementary, optimization of the demand 
side, which created space for further energy cost savings in spite of all mentioned advantages 
of EH concept. This implied application of the well-known concept of demand side 
management (DSM), which consists of various techniques for modifying energy end use 
profile, i.e. the demand side. However, it should be emphasized that any additional savings, 
compared to sole application of EH approach, require certain level of compromise coming 
from the end users such as change of the time schedules of equipment, reducing the demand 
etc. Nevertheless, this is perfectly aligned with current trends in energy supply as more and 
more energy providers offer significant economic benefits if, in return, the end user complies 
with some energy end use constraints (reducing loads in peak hours, improving power factor 
etc.). 
 
Energy Hub optimization 
As introduced, the existing EH concept models energy flows from different energy carriers 
aiming to satisfy the requested user demand by taking the advantage of the conversion 
potential of specific Hub. The overall concept is presented in Figure 1, depicting both basic 
Hub elements and its renewable energy extension, extensively elaborated in the following. 
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The EH concept has originally foreseen only downstream energy flows going from inputs 
(left), i.e. energy supply infrastructures, towards the output (right), the energy end use, 
passing through the matrix of conversion and/or storage elements which enabled fulfilment of 
the loads from wide range of energy carriers. However, considering the addition of renewable 
energy sources, meaning that there is uncontrollable energy generation, it is also important to 
enable energy export, i.e. the upstream of energy, which can have strong economical and/or 
environmental benefits attached to it. This is done by means of “neighbourhood loads”, 
which may represent a similar Hub like structure in its vicinity or another complex energy 
infrastructure comprised of wide range of energy carriers such as electricity (power grid), gas 
(gas network) and etc. 
 
A Hub, from a mathematical perspective, is represented as a matrix which includes, in the 
most generic case, elements which enable conversion of all supply energy carriers into any of 
the load carriers. Moreover, in the case where storages are taken into account, each carrier is 
associated with its storage unit which acts as energy buffer at the cost of storage efficiency, 
and the corresponding storage matrix is considered as well. Considering the illustration of 
Hub, the power input, comprising of conventional (P) energy sources, such as electricity 
power grid, natural gas, district heating, fossil fuels etc., is supplied to the Hub. The input 
power is then transformed using the conversion elements (C), allowing for conversion from 
electrical towards thermal energy and vice versa, and/or energy storages (Ė), such as 
batteries, ultra capacitors, fuel cells for electricity or boilers and phase changing materials for 
thermal energy, while taking into account the storage efficiencies depicted with coupling 
matrix (S). Passing through the Hub, depicted by the conversion and/or storage matrix, power 

Figure 1: Energy Hub with renewable energy 
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from the supply side is fed to the demand, loads (L), typically represented with electricity and 
heating/cooling loads. However, with the introduction of renewable energy sources and the 
neighbourhood concept, additional energy flows (vectors) should be defined as well. Apart 
from the power input (P), a vector comprising of all local energy production (R), such as 
photovoltaic, wind turbines for electricity and/or solar thermal and geothermal for thermal 
energy, is added at the input. The output of the Hub, previously depicting the loads is now 
extended with neighbourhood loads (N), preserving the same distribution between electricity 
and heating/cooling loads, which allow the Hub to feed (export) the surplus of energy 
towards the neighbourhood, which is considered to be another similar entity or a piece of 
power infrastructure. Finally, the complete Energy Hub model equation, defined in [2], is 
given in the following: 
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Considering the flexibility and generality of such modelling approach, a Hub concept can be 
applied to an entity ranging from single residence up to a neighbourhood, an entire city or 
country. 
 
Since the main objective of Energy-Hub framework deployment, at the entity level, is to 
optimize entering energy flows, corresponding energy conversion and, finally, status of 
existing storage systems in order to satisfy the desired energy demand (end use) in an optimal 
way, the aim was to establish the merging of the Energy-Hub concept with another, well 
known, concept of Demand Side Management (DSM). To be able to perform such an 
ambitious task, both “supply” and “demand” side should be considered within optimization 
process. Considering that Energy-Hub deals with the “supply” side, whereas DSM tackles the 
“demand”, merging the two concepts should successfully exploit the benefits of these 
complementary concepts. 
 
The hybrid concept is represented as a single Energy-Hub with additional DSM optimization 
engine which takes into account various load management techniques such as peak shaving, 
load shifting, valley filling etc. However, having in mind that the Energy-Hub concept 
already takes into account the dynamic pricing for each energy carrier, it basically “moves” 
the consumption towards to the time intervals with lower energy prices. Therefore, there was 
a reasonable doubt if the introduction of DSM in the overall optimization will lead to the 
improvement of performance at all. Furthermore, another question was raised, i.e. if this 
hybrid solution would bring enough improvement that would justify the introduction of 
another optimization engine, which will certainly increase the computational efforts and 
extend the simulation process. 
 
All these issues were successfully solved and documented in the previous technical solution 
which dealt specifically with energy optimization on the entity level. The following is the 
extension of this concept towards application of Energy Hub principles on a large scale, i.e. 
neighbourhood and/or district level. 
 
 
EM concept at Neighbourhood level 

Once an integrated Energy Hub approach is defined on a single entity level, the issue remains 
to extend this concept towards the neighbourhood, as one of the main objectives of the 
project. Starting from a set of single physical entities, each one is represented with an Energy 
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Hub (#i) as depicted in the overall concept given in Figure 2, and referred as HUB in the 
following text. These HUBs voluntarily form a so-called “Neighbourhood” which can be 
both logical and/or physical entity at which additional energy management optimization can 
be performed, referred as NBH in the following text. 

L [mx1]P [nx1]

C [mxn]

L [mx1]P [nx1]

C [mxn]

D

D

#1

P [Nx1] L [Mx1]

Epic Hub
Neighbourhood

DSM
Optimization

D
S

M
O

pt
im

iz
at

io
n

D
S

M
O

pt
im

iz
at

io
n

Epic Hub
Entities

#N

L [mx1]

C [mxn]

D
S

M
O

pt
im

iz
at

io
n

#i

 

Figure 2: Energy Hub at NBH level  
Before defining the NBH concept and the corresponding business scenario, one should 
remind himself to the conclusions provided in previous section, i.e. that every HUB in the 
neighbourhood is empowered with additional DSM optimization, apart from regular Energy 
Hub optimization. As indicated, the NBH comprises a set of these HUBs and itself can also 
be regarded (and optimized) as an Energy Hub, which may contain its own energy assets 
(production, conversion and storage) and also leverage its optimization engine on the DSM 
approach as well. 
 
The whole optimization process is divided in two major steps. The first step refers to the 
“upwards” direction, going from the HUBs towards a NBH. It starts with request for supply 
or storage from each HUB (P[nx1]), based on demand (L[mx1]), which is derived as an 
output from the Energy Hub optimization associated with “local” DSM strategies. These 
supply vectors are summed accordingly and transferred to the demand side of the NBH 
(L[Mx1]) where Energy Hub optimization together with DSM strategies, leveraging also on 
the assets at neighbourhood, is applied in order to calculate necessary NBH supply (P[Nx1]).  
 
At this point, an overall optimization of the neighbourhood (with all its entities) is performed 
considering assets on both levels and their request for supply or storage. Although Energy 
Hub approach does not affect the demand side of a hub, DSM strategies naturally have 
significant influence on the demand profile. Therefore, following the optimization at NBH 
level (Energy Hub + DSM) the demand side is modified (L’ [Mx1]), which directly affects 
the supply for each HUB and consequently fulfilment of their energy demand (energy end 
use). 
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This is where second step starts, going from NBH level “downwards” to each HUB. Main 
objective of this “backward” optimization is to modify each HUB’s supply (P’[nx1]) offering 
a quantifiable benefit (financial, environmental etc.) to each entity. Although, an overall 
optimization is performed, each HUB is offered with the option to follow the 
recommendation of the NBH or to disregard it, thus relying solely on its own optimization 
and assets. In case of an extreme situation, where all the HUBs decide to disregard the NBH 
recommendations, there is still one degree of freedom for the NBH optimization, i.e. the 
energy assets located at the neighbourhood level, completely independent from the local 
entities. Another issue in this process is how to distribute both energy (L’ [Mx1]) and benefits 
among the particular HUBs, which entered the NBH scheme. Although different heuristics 
might be applied, a brokerage concept seems as a reasonable and feasible approach.  
 
After complying with the recommendations of NBH level, each HUB can follow different 
optimization objectives (as described in previous sections) based on which HUBs can make 
actual dispatch of energy, thus receiving certain benefit in return. After these “negotiations” 
the actual energy dispatch is conducted and energy demand is fulfilled. 
 

Conclusion 
 
Need for an integrated optimization of multi-carrier energy systems is greater than ever, 
considering high operation costs and availability of energy supply in peak time periods. 
Concept named Energy Hub was considered as one of the solutions offering multi-carrier 
optimization as well as flexible modelling framework of the energy infrastructure. This 
allowed for application of EM strategies not only at entity level but on a large scale, 
neighbourhood or district level. However, since the concept originally aimed at complete 
satisfaction of the end use energy demand, and thus leveraged its optimization potential 
solely on better management of energy supply and conversion capacities of the system, the 
concept was first strengthened with additional demand side management optimization.  
 
This technical solution documents extension of this concept and proposes an advancement of 
the optimization strategy in order to tackle energy management challenges on neighbourhood 
level. The proposed “neighbourhood” concept takes the advantage of diverse energy assets 
located at each entity and allows for online optimization of common energy infrastructure. 
Depending on available degrees of freedom for the optimization procedure, i.e. the number of 
energy carriers, conversion capabilities and variable energy pricing, this framework can 
reduce the operation costs significantly. However, these savings do not come without a 
compromise from the users’ side, which are required to comply with certain changes in the 
demand profile and/or sharing of their energy production and storage assets. 
 
To conclude, the challenge of neighbourhood optimization proved to be more demanding task 
from the economical perspective than technical, as the issue of benefit distribution represents 
a difficult problem when several independent legal entities have to share common energy 
assets.  
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Review of technical solution 

GENERIC SYSTEM ARCHITECTURE FOR 
OPTIMIZATION OF ENERGY SUPPLY AND 

DEMAND IN NEIGHBOURHOODS 
 
 
 

This technical solution aims at tacking state of the art energy 
management challenges by proposing a novel concept for optimization of 
energy flows on the neighbourhood level. The proposed “neighbourhood” 
concept takes the advantage of diverse energy assets located at different 
entities that form a neighbourhood, as well as common energy infrastructure 
(e.g. CHP plant, storage facility etc.) and provides continuous optimization of 
the overall energy infrastructure. 

However, the level of energy savings is highly dependent on the 
available degrees of freedom for the optimization strategy, i.e. number of 
energy carriers, conversion capabilities of each entity and flexibility of 
applicable energy pricing scheme. Also, it should be noted that part of these 
savings (coming from the DSM) do not come without a compromise from the 
users’ side, which are required to comply with certain changes in the 
demand profile and/or sharing of their energy production and storage 
assets. Although the challenge of neighbourhood energy flow optimization 
proved to be demanding task from the economical perspective as well, the 
proposed solution successfully tackles the challenge of rightful distribution of 
optimization benefits. 
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