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Abstract. To achieve the climate goals in the Paris Agreement and clean energy
transition, positive energy districts must be promoted. A positive energy district is
focused on increasing the efficiency of the buildings within it, using the renewable
energy it produces, favouring electric and hybrid cars, and storing all the energy
produced, in order to make clean energy for the whole city. Positive energy is a
concept that takes into account not only the energy aspect, but also the environ-
mental, social, and economic sphere. In order to be effective, this transformation
requires the intervention of the community and the local decision-makers. The
aim of the paper is to investigate the scientific literature, through the scientific
dataset SCOPUS, in order to develop an evaluation framework for energy transi-
tion to support the decision-makers. Since the positive energy district is a recent
paradigm, the investigation is extended to consider energy fields and takes into
account different levels of urban scale. Specific keywords are used in order to find
different economic methods in the literature, which can be used to support positive
energy transition.

Keywords: Energy districts - Positive energy district - Economic evaluation -
Economic valuation - Economic assessment - Economic analysis

1 Introduction

The concept of a positive energy district (PED) is becoming a possible solution for clean
energy and meeting the climate goals set by Agenda 2030 and the Paris Agreement [1-3].
Given that 70% of people are expected to be living in cities by 2050, it is fundamental
to find a sustainable solution at the urban level in order to create a healthy habitat for
citizens. This concept is underlined by the United Nations in the definition of the 17
sustainable development goals (SDGs) within the 2030 Agenda, in particular by SDG
11, which aims to make cities inclusive, safe, resilient and sustainable [2].

In the last few years PEDs have received much attention as a possible solution for the
global situation [3—5]. A PED could be defined as an energy-efficient and energy-flexible
urban area aimed at creating a surplus of clean energy for the city by using renewable
energy, producing an annual net-zero energy import and net-zero CO2 emissions in a
certain time frame [3].
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To increase PEDs it is important to involve the local decision-makers and the com-
munity. In order to support this complex decision, evaluation methodology can help to
quantify the benefit derived from the application of positive energy districts. Until now,
the main evaluation methods used to monetize the environmental impact in the field of
energy decision-making problems have been life cycle cost (LCC) [6], and cost-benefit
analysis (CBA) [7]. In recent years, the analysis of multi-criteria decisions (MCDA)
[8] has also been used to support decisions-makers. MCDA has the aim to involve
decisions-makers in focusing not only on the energy aspect but also taking a wide range
of perspectives into account. There are already various evaluation methods in use for
PEDs, but to support the decision-maker more of them need to be identified in the liter-
ature. The aim of this research is to conduct a literature review to find more evaluation
methods, in this way the concept of the PED is not confined to academic areas but can be
put into practice. The literature review was carried out by using the scientific database
SCOPUS.

The concept of the PED is new in literature. In fact, the period of publication regarding
this concept only started in 2018 and by the end of 2021 there were fewer than 100
documents which mentioned it. In detail, the economic evaluation methods applied
for PEDs are life cycle costs (LCC) [9, 10], cost-benefit analysis (CBA) [11], multi-
criteria decision analysis (MCDA) [12, 13], and life cycle assessment (LCA) [14, 15].
More recently, also other approaches have been considered, such as the estimation of
environmental and social impacts or the sensitivity analysis.

The rest of the paper is structured as follows: the Sect. 2 regards the research method-
ology, aiming to show the steps used for the literature review analysis. The third part
is dedicated to the results, the outcome of the analysis. The last part is the conclusion,
summarizing the overall research and pointing out a future perspective on this topic.

2 Research Methodology

The literature bibliography analysis was conducted by using the SCOPUS database.

All the periods present in the literature, from 1975 to 2021, were taken into con-
sideration. The analysis was conducted by using a multistep research approach (see
Fig. 1). In detail, it was developed in three steps. The first step was the general analysis,
using the keywords ( “economic evaluation” OR “economic valuation” OR “economic
assessment”) AND (“energy”). “All fields” gave a result equal to 85’043, instead of with
the selection “title, abstract, keyword” 7633 results.

Starting from the general analysis, the second step was to reduce the research area by
adding specific words and creating two groups. For the first analysis, the words related
the scale of application were added, creating the group B; in detail:

o ((“economic evaluation” OR “economic valuation” OR “economic assessment”)
AND (“energy”) AND (“Urban”)) = 215 results

e ((“economic evaluation” OR “economic valuation” OR “economic assessment”)
AND (“energy”) AND (“District”)) = 211 results

o ((“economic evaluation” OR “economic valuation” OR “economic assessment”)
AND (“energy”) AND (“Neighborhood”)) = 14 results
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Fig. 1. Literature review framework

For the second analysis, specific keywords regarding the evaluation methods were
added, creating group C; in detail:

AND (“Life Cycle Assessment (LCA)”) = 8 results

AND (“Cost Benefit Analysis”) = 49 results

AND ( “Sensitivity Analysis”) = 29 results

AND ( “Environmental Impact Assessment”) = 14 results

AND (“Monte Carlo Methods”) = 2 results

AND (“Discounted Cash Flow”) = 4 results

AND (“Life Cycle Cost” OR “LCC”) = 13 results

AND (“Multicriteria” OR “MCDA” OR “MCA” OR “Multi-Criteria” OR “Multiple
Criteria Decision Analysis”) = 12 results

AND (“SROI” OR “Social Return on Investment”) = 0 results
AND (“Preference Evaluation” OR “Econometrics”) = 2 results
e AND (“Quantitative Analysis”) = 4 results
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The last step was the analysis of the groups created. Specifically, the analysis was
conducted in: Historical production, Subject area analysis and Country productivity affil-
iation. The historical production allowed the production activity regarding the research
analysis created during the time to be understood. The second analysis, country produc-
tivity affiliation, showed the geographical area where the documents were published.
The last analysis, subject area analysis, according to the SCOPUS database, show the
area of publication, for example, energy, environmental sciences, and social area.

3 Results and Discussions

3.1 Group A: Analysis About Search Fields

The first analysis was the general research in the energy area in the framework of eco-
nomic methods. The outcome shows a total of 85’043 documents for “all field”, and
7’633 documents for the limited research to “title, abstract, keywords”. The documents
start to be published in 1951 (see Fig. 2). The most intense period of production for the
area “all fields” is between the 2008 and 2021, with 77'171 documents, equal to 91%.
In particular, the last four years produced 34,196 documents, equal to 40% of the total
production.

For the area referred to “fitle, abstract and keywords”, the most intense periods of
production were the last 15 years, with a production of 6’040 documents, equal to 79%
of total. Especially, the last four years have produced 2'349 documents, which represent
the 31% of total. Figure 2 reports the historical production analysis comparing the two
areas, “all fields” and the limited area “title, abstract, and keywords”.
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Fig. 2. Historical production for “all fields” and research limited “title, abs and key”.

The second analysis regards the examination of the subject areas (see Fig. 3). The
database SCOPUS identify 27 subject areas for the field “all fields” and the limited
research “title, abstract and keywords”. In particular, for both the fields the main subject
areas are energy, environmental sciences, engineering and chemical engineering. In detail
for “all fields,” 60% of all documents are produced in the four subject areas identified,
instead of the “title, abstract, and keywords” research limitation 71% of documents are
produced from the four-subject area.

The last analysis regards the country of production. For the research “all fields”
it emerges that there are 160 countries which produced documents, instead of for the
limit research “title, abstract and keywords” there are 132. From the dataset SCOPUS,
the countries which have mostly produced documents are China, United States, United
Kingdom and Italy.
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Fig. 3. Subject area analysis for “all fields” research on the left and “title, abstract and keywords”
on the right.

3.2 Group B: Economic Method and Energy View at Territorial Scale

The second analysis focused on the territorial scale. In detail, the research was conducted
in “title, abstract, keywords” research limitation, adding new keywords related to the
territorial scale. Specifically, the words used were urban, district and neighbourhood.
The results shows that the keyword urban has produced 215 documents, instead neigh-
borhood has produced 14 documents. From the historical production analysis, the word
urban was present since 1972, instead, the word neighborhood has appeared just since
2013 (see Fig. 4).
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Fig. 4. Historical production adding keywords, urban, district and neighborhood.
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For the analysis of the subject area specific keywords have been added related to
the territorial scale. The areas with the highest number of documents were the same
as the previous group in detail: energy with 201 documents, engineering with 189 and
environmental sciences with 180.

The third analysis regards the country which produced documents. The SCOUP
dataset shows that 64 countries have published documents. From the results it emerges
that Italy is the country that has been producing the most part of documents. In detail,
the keyword “urban” appears in 35 documents and for “district” 34 documents have
been produced. Instead, Germany is the country that has produced the most part of
documents with the keyword “neighbourhood”, 14 documents (see Fig. 5). Also, the
analysis shows that countries of Northern Europe use more the keyword “district” such
as the United Kingdom with 21 documents, Sweden with 18 documents and Germany
with 12 documents. Figure 5 reports the countries which have the keywords mentioned
with a minimum of 2 documents.

Fig. 5. Country of production focused on the keywords, urban, district and neighborhood.
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3.3 Group C: Evaluation Approach

The last analysis, the most interesting, focused on the evaluation approach. The keywords
added to Group B are related to different evaluation economic methods. Some words
were suggested by the SCOPUS dataset, as Cost-benefit analysis (CBA) (49 documents),
but others were added in order to find different evaluation economic methods, from the
most common methods to monetize the energy as the Life Cycle Cost (LCC) to the
methods used to estimate the social or environmental impact such as the Multicriteria
analysis (MCA). Figure 6 reports all the economic methods added to the research.
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Fig. 6. Number of documents related to evaluations approaches.

The historical analysis shows that in 1975 the economic methods used are the pref-
erence evaluation and the costs benefits analysis. The most intense period of documents
productions was in 2018. The sensitivity analysis started to be present since 2005 and it
increased in the period between 2010 and 2014 (see Fig. 7). Results of the subject area
analysis shows an important production in the fields of environmental sciences, energy
and engineering, as reported in Fig. 8.
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Fig. 7. Historical production activity for different evaluation approaches.
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Fig. 8. Subject areas related to the different evaluation approaches and methods.

4 Conclusion

The present paper allowed the application of different economic methods in the field
of energy at different territorial scales to be understood better, in order to support the
benefits resulting from positive energy districts (PEDs).

The transformation of a city into PEDs is complex. In fact, this type of urban trans-
formation consists in increasing the efficiency of buildings, using renewable energy,
favoring the use of electric and hybrid cars and storing all the energy produced. To
achieve this goal, a literature review was conducted in order to find different economic
methods to support the decision-making in order to develop PEDs. The PED paradigm
is new, so the literature review was extended to take into consideration energy fields in
the framework of economic evaluations at different urban scales.

From the analysis it emerged that the concept of urban scale is present throughout
the literature dating back to 1975, whereas the district scale started to appear from 2009.
Also, it is clear from the analysis that Italy and China are the countries most interested
in working on and developing research on the urban and district scale. The evaluation
approach analysis shows that the economic methods mostly used are Cost of Benefits
Analysis (CBA), sensitivity analysis and environmental impact.

From a future perspective, it would be interesting to investigate integrated
approaches, such as the application of the evaluation methods CBA and MCA together
in order to increase the creation of PEDs, since they are two approaches that comple-
ment each other. In fact, CBA is based on a detailed cost study, whereas MCA takes into
account a wide range of perspectives, such as the human behaviors area.

The outcome of this study could support local decision-making in order to transform
urban areas into PEDs. In this way, the concept of PED will not just be related to the
academic area, but it will have a practical application.

Acknowledgements. This work was developed within the context of the International Energy
Agency (IEA) Energy in buildings and construction (EBC) Annex 83 workgroup “Positive Energy
Districts”. This research has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No. 101036723.



1770 T. Binda et al.

References

10.

11.

12.

13.

14.

15.

. S&P Global Sustainable Homepage. https://www.spglobal.com/esg/about/index. Accessed

22 Dec 2021

United Nations Department of Economic and Social Affairs: The sustainable development
goals repost 2016. United Nations Department of Economic and Social Affairs, New York,
NY, USA (2016)

Bottero, M., Dell’ Anna, F., Morgese, V.: Evaluation the transition towards post-carbon cities:
a literature review. Sustainability 13, 567 (2021)

Brozovsky, J., Gustavsen, A., Gaitani, N.: Zero emission neighborhoods and positive energy
districts-A state-of-the-art review. Sustain. Cities Soc. 72, 103013 (2021)

Guarino, F,, et al.: State of the art on sustainability assessments of positive energy districts:
methodologies, indicators and future perspectives. Smart Innov. Syst. Technol. 263, 479-492
(2022)

Cellura, M., Fichera, A., Guarino, F., Volpe, R.: Sustainable development goals and perfor-
mance measurement of positive energy district: a methodological approach. Smart Innov.
Syst. Technol. 263, 519-527 (2022)

International Organization for Standardization: Building and Constructure Assets, Service-
life Planning, Part 5: Life Cycle Costing. ISO 15686:2008. International Organization for
Standardization, Geneva, Switzerland (2008)

European Commission: Guide to Cost-benefit Analysis of Investment Projects: Economic
appraisal tool for cohesion policy 2014-2020. European Commission, Brussels, Belgium
(2014)

Strantzali, E., Aravossis, K.: Decision making in renewable energy investments: a review.
Renew. Sustain. Energy Rev. 55, 885-898 (2016)

Salom, J., et al.: An evaluation framework for sustainable plus energy neighborhoods: moving
beyond the traditional building energy assessment. Energies 14(14), 4314 (2021)

Laitinen, A., Lindholm, O., Hasan, A., Reda, F., Hedman, A.: A techno-economic analysis
of an optimal self-sufficient district. Energy Convers. Manage. 236, 114041 (2021)

Kiwan, S., Venezi, L., Montagnino, EM., Parede, F., Damseh, R., Damseh, R.: Techno-
economic analysis of a concentrated solar polygeneration plant in Jordan. Jordan Journal of
Mechanic and Industrial Engineering 12(1), 1-6 (2018)

Alpagut, B., Romo, A.L., Hernandez, P., Tabanoglu, O., Martinez, N.H.: A GIS-based mul-
ticriteria assessment for identification of positive energy district boundary in cities. Energy
14(22), 7517 (2021)

Bisello, A.: Assessing multiple benefit of housing regeneration and smart city development:
the European project Sinfonia. Sustainability (Switzerland) 12(19), 1-28 (2020)

Marotta, 1., Guarino, F., Longo, S., Cellura, M.: Environmental sustainability approaches and
positive energy district: a literature review. Sustainability (Switzerland) 13(23), 13063 (2021)


https://www.spglobal.com/esg/about/index

	Evaluating Positive Energy Districts: A Literature Review
	1 Introduction
	2 Research Methodology
	3 Results and Discussions
	3.1 Group A: Analysis About Search Fields
	3.2 Group B: Economic Method and Energy View at Territorial Scale
	3.3 Group C: Evaluation Approach

	4 Conclusion
	References




