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Abstract

Energy positive neighborhoods and cities are emerging concepts aimed at addressing the current energy and environmental
sustainability challenges. In this paper, the concept and current research on energy hubs relating to energy positive
neighborhoods are presented. In addition to discussing advantages and challenges of energy positive neighborhoods and energy
hubs, opportunities for future research and development are also conversed.
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1. Introduction

With the depletion of fossil fuels and the issue of global warming, people try to integrate different forms of
energy sources into the energy grids. The aim of doing so is to confront these problems and to move towards a
sustainable future. These modifications change the currently centralized energy grids into distributed infrastructures.
As a result of the use of different forms of energy sources, the future energy network will comprise of more intense
integration of different energy carriers than electricity, gas and oil. In order to accommodate these changes, new
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research concepts try to integrate and hybridize different energy carriers (natural gas, oil, hot water, hydrogen,
electricity etc.) to devise smart energy systems with the ability of interoperability.

Buildings are a major aspect that should be focused on, in terms of energy usage in the distributed energy grids.
Buildings will play a vital role in the future smart energy grids with changing energy policies and targets. The
“International Energy Agency” states that demand side activities should be a priority in energy policies and
decisions regarding sustainable energy systems [1]. Apart from the collective sustainable energy targets, each
country has their own building related energy goals. For example, according to the “Energy Performance Building
Directive” all new buildings will be required to be nearly zero energy by 2021 for member states of the EU [2,3].

However, the energy dynamics of buildings cannot be fully analyzed when they are considered as isolated single
units. They are always connected with several outside systems. Therefore, it is beneficial to consider the buildings
with their connected systems as a collective unit at the neighborhood level [4] and achieve energy
neutrality/positivity at the neighborhood level. With the distribution/decentralization of the energy grids, the
neighborhood can be seen as a whole with local supply, demand and local energy management. The complexity of
the local energy management systems increases with the number of energy sources, storage units integrated, and the
demand requirements in the neighborhood. Therefore, optimal coordination of these separate systems is crucial.

Energy hub and smart building clusters are two research concepts that can be found in the literature for optimal
coordination and energy management at the neighborhood level. Authors of [5] indicate that in the literature, the
first attempt of a bi-level operation decision framework using the building cluster concept can be found in the year
2012 [6] while the energy hub was introduced in the year 2007 [7]. Yet, concepts which give attention to the energy
management at the neighborhood level with a futuristic view on multi-carrier energy grids and achieving energy
positivity at the neighborhood level are still lacking. Therefore, the aim of this paper is to review research papers on
energy hubs and identify the potential of this concept to realize energy positive neighborhoods. The first section of
the paper gives an introduction to energy hubs. This is followed by the review study. Finally, an approach to achieve
energy positivity at the neighborhood level with this concept and the challenges hindering the practical realization of
energy hub are discussed.

Nomenclature

BEMS Building Energy Management System IT Italy

SW Switzerland CN Canada

IR Iran NW Norway

CH China UsS United States of America

EPN  Energy Positive Neighborhood GAMS General Algebraic Modeling System
ICT Information and Communication Technology EU European Union

1.1. Energy Hub

The concept of Energy Hub can be defined as a central point where multiple energy carriers meet each other and
respective energy flows can be converted, conditioned, stored and finally distributed according to the demand
requirements in an optimal manner [7,8]. The modeling concept of an energy hub describes the relation between
input and output energy flows and can be used to optimize the energy consumption during planning and operation.
Authors of [9] equate this to a flexible interface between different energy infrastructures.

It is a possibility that the energy carriers exist today will be diversified into different forms in the future. The
energy hub concept could still be used even if the forms of energy carriers change over time. Fig. 1 illustrates an
energy hub composite of different energy carriers. After an optimal coordination between supply and demand, it
provides different demand requirements at the output.

This concept can be designed in different spatial scales according to the resources available and the level of
complexity needed. In [10—-12] authors have conducted their research for a residential energy hub model aimed at a
smart home with residential combined heat and power (CHP) unit as a cogeneration technology and using plug-in
hybrid electric vehicles. In [13] the authors discuss the importance of integrating and managing energy from
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renewables at the neighborhood level using a village in Switzerland as the study case. They have used the energy
hub concept to optimize the energy flows between inputs and outputs and thereby reduce the energy consumption.
Different scenarios have been applied by the authors for the village with a futuristic view on getting rid of the fossil
fuel energy carriers. This explains the capability of the energy hub concept at different spatial levels.

The next important point to consider is the support of energy hubs for large scale renewable energy sources
integration, reducing system losses and greenhouse gas emissions. Reduction of energy system losses is obtained by
properly coordinating, optimizing and managing the different energy carriers [9,14]. Hierarchical optimization with
distributed energy hubs used by the authors of [9] is a noteworthy approach for neighborhood energy management.
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Fig.1: A detailed illustration of an energy hub
2. Methodology

In the literature, more than 3000 research materials can be found for the keyword “FEnergy Hub” using the search
engines Scopus and Web of Science. From these articles, in this paper, only the research materials that can be used
to realize the concept energy positive neighborhoods are discussed. Out of the resulting 3000 papers, further filtering
is undertaken using the keywords “building OR neighborhood energy management”, the number of documents
being reduced to a little above 150. From them, articles related to ICT infrastructures, electricity markets, only
modeling and optimization and materials related to business management were removed. Finally, about 20 articles
were chosen and those articles were found to be in line with the objective of this paper. In addition, other relevant
publications by known authors or found through references were also reviewed. Table 1 shows the structure of
article search.

Table 1. Article search

Search Engine Search Term Search date Number of articles
Scopus Energy hub 20-03-2017 (All articles) 3269
Energy hub and Building 417

Energy hub and (Building or neighborhood) 203
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Limited to subject area Energy and Engineering 161
Limited to keywords: Energy hub/ buildings/ office 42
buildings/ commercial buildings/ energy management/
neighborhood

Web of Science Energy hub 20-03-2017 (All articles) 1698
Energy hub and Building 105
Energy hub and Building and neighborhood 2

2.1. Assessment of the research articles

Table 2 shows the selected articles and the evaluation of the articles according to the scale, use of renewable
energy sources, use of storage systems, tools used in each article to realize their objectives and the variety of case

studies used. A comprehensive research on available tools for district level energy research can be found in [15].

Table 2. Assessment of the articles

Article  Country/year  Scale Renewable Conversion ~ Storage  Tools Case Study
Energy sources technologies  systems

[10] IR /2015 Neighborhood x 4 x - Several residents

[11] IR /2014 Building x v v - Smart home

[12] IR /2015 Building v v v - Smart home

[14] IR-CN/ Building cluster x v x GAMS - CPLEX School-shop-

2015 residential complex /
Resident-food
distribution center

[16] IT /2009 Building 4 4 x DOE-2 Hotel
[17] IT /2009 Building 4 4 x Energy Plus Multi-family building
[18] IT /2011 Building v v X Excel tool/ MS Large Commercial
solver building
Energy Plus
[19] CN /2012 Building 4 4 4 AMPL-CPLEX Resident
12.1/ GLPK 4.38
[13] SW /2014 Neighborhood 4 4 x CitySim Village
[20] SW /2014 Neighborhood 4 v v Energy Plus Village
[21] SW /2015 Building cluster v v v Matlab/ CPLEX Exhibition Center
[22] IR /2014 Building 4 v v CPLEX Resident
[23] SW /2015 Building cluster 4 v x CitySim Campus
[24] NW /2015 Building x v x FICO Xpress University College
building
[25] IR /2015 Building v v v Matlab Resident
[26] CH/2015 Neighborhood - - - - Harbor industrial park
[27] US /2016 Neighborhood x v x Matlab University campus
28] IR -CN/ Building cluster v v v GAMS - CPLEX Residential complex-
2016 restaurant-office-
commercial building
[29] US /2016 Building v v v GAMS - CPLEX Resident
[30] SW /2017 Neighborhood v v v Energy Plus/ Residential
CPLEX community
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3. Results

Results from the reviewed studies emphasized the importance of two major segments. First, it is vital to define a
clear boundary for the neighborhood because it is treated as one unit with demand, local supply and storage.
Treating demand and supply simultaneously is more important than handling them sequentially to have a better
understanding of demand-supply matching. Modeling time interval is a major concern when using storage systems
to impose some flexibility to the system. Second, when defining future scenarios for neighborhood energy systems,
not only the infrastructure changes with different energy carriers, but also the improvements on buildings, (such as
retrofitting of windows, walls, ceilings) need to be anticipated. Subsequently, an overall efficiency improvement in
the selected neighborhood is attained.

4. Discussion

To realize energy positivity at neighborhood level the following approach could be taken.

1. Reduce consumption at dwelling level;

2. Increase local level supply options with renewable sources and increase efficiency of multicarrier energy
systems;

Increase flexibility with storage and energy conversion possibilities at the neighborhood level;

4. Optimize supply energy flows and demand at the neighborhood level.

w

The mentioned approach is likely to be accomplished using the energy hub concept. A two-level optimization is
recommended for the approach: at the building level and the neighborhood level interconnecting the residential level
micro energy hubs and the higher (macro) level neighborhood energy hub. According to the reviewed papers, the
hierarchical optimization with distributed energy hubs has the advantage of separately realizing the objectives of
customers and utility providers. At micro hub level, the objective is to optimize energy consumption and to reduce
energy bills to the customers. The target at the macro level is to optimize cumulative demand response of the cluster
of buildings in the neighborhood and to reduce CO; emissions. This is the main objective of the utility providers.
Incorporation of demand side management in the energy hub is also a possibility as outlined by authors in [31,32].

5. Conclusion

Even though there exist numerous studies on the Energy hub concept, a number of barriers block their practical
realization. At the neighborhood level, the main difficulties are regulation and technical barriers. Most prominent are
the regulation barriers which deal with the efficiency of the market. Not all the participants are interested in the EPN
principal. Some participants have their own goals to reach, such as profit realization. Moreover, consumers are not
willing to compromise and behavioral change is a huge problem. The fact that researchers do not have access to
correct data and a lack of useful data are some of the main issues that can be categorized as technical barriers when
realizing these concepts in general.

In future research, the concept of energy hub will be applied to a neighborhood including residential and
commercial buildings and for a more complex situation like a hospital. The aim is to use the energy hub concept
with a futuristic view on the changes of the energy grids and to achieve energy positivity at the neighborhood level.
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