UNIVERSITY OF THE
WEST of SCOTLAND

mim  Uws

University of Maribor

10™ International Conference on Sustainable
Energy and Environmental Protection:

Energy Management and Policies

(June 27™ - 30™, 2017, Bled, Slovenia)

(Conference Proceedings)

Editors:
Emeritus Prof. dr. Jurij Krope
Prof. dr. Abdul Ghani Olabi
Prof. dr. Darko Goricanec
Prof. dr. Stanislav Bozicnik

University of Maribor Press




University of Maribor Press



University of Maribor Press

10™ International Conference on Sustainable Energy and
Environmental Protection

Energy Management and Policies

(June 27™ —30™, 2017, Bled, Slovenia)

(Conference Proceedings)

Editors:

Emeritus Prof. dr. Jurij Krope
Prof. dr. Abdul Ghani Olabi
Prof. dr. Darko Gori¢anec
Prof. dr. Stanislav Bozi¢nik

June 2017



Title:

Subtitle:

Editors:

Review:

Tehnical editors :

Design and layout:
Conference:

Honorary Committee:

Organising Committee:

Programme Committee:

10™ International Conference on Sustainable Energy and Environmental Protection (June
27™ —30™, 2017, Bled, Slovenia) (Conference Proceedings)

Energy Management and Policies

Emeritus Prof. Jurij Krope, Ph.D. (University of Maribor, Slovenia),
Prof. Abdul Ghani Olabi, Ph.D. (University of the West of Scotland, UK),
Asso. Prof. Darko Gori¢anec, Ph.D. (University of Maribor, Slovenia),
Asso. Prof. Stanislav Bozi¢nik (University of Maribor, Slovenia).

Prof. Zeljko Knez, Ph.D. (University of Maribor, Slovenia),
Prof. Niko Samec, Ph.D. (University of Maribor, Slovenia).

Jan PerSa (University of Maribor Press),
Armin Turanovi¢ (University of Maribor Press).

University of Maribor Press
10™ International Conference on Sustainable Energy and Environmental Protection

Abdul Ghani Olabi, Ph.D. (Honorary President, University of the West of Scotland, United
Kingdom), Igor Ti¢ar, Ph.D (Rector of the University of Maribor, Slovenia), Niko Samec
Ph.D. (Pro-rector of University of Maribor, Slovenia), Zdravko Kravanja, Ph-D. (Dean of
the Faculty of Chemistry and Chemical Engineering, University of Maribor, Slovenia).

Jurij Krope, Ph.D. (University of Maribor, Slovenia), Darko Gori¢anec, Ph.D. (University
of Maribor, Slovenia), Stane Bozi¢nik, Ph.D. (University of Maribor, Slovenia), Peter Trop,
Ph.D. (University of Maribor, Slovenia), Danijela Urbancl, Ph.D. (University of Maribor,
Slovenia), Sonja Roj (University of Maribor, Slovenia), Zeljko Knez, Ph.D. (University of
Maribor, Slovenia), Bojan Stumberger, Ph.D. (University of Maribor, Slovenia), Franci
Cug, Ph.D. (University of Maribor, Slovenia), Milo§ Bogataj, Ph.D. (University of Maribor,
Slovenia), Janez Zlak, Ph.D (Mine Trbovlje Hrastnik, Slovenia), LL. M. Tina Zagar
(Ministry of Economic Development and Technology), Igor Ivanovski, MSc. (IVD
Maribor, Slovenia), Nusa Hojnik, Ph.D. (Health Center Maribor).

Prof. Abdul Ghani Olabi (UK), Emeritus Prof. Jurij Krope (Slovenia), Prof. Henrik Lund
(Denmark), Prof. Brian Norton (Ireland), Prof. Noam Lior (USA), Prof. Zdravko Kravanja
(Slovenia), Prof. Jiri Jaromir Kleme$ (Hungary), Prof. Stane Bozi¢nik (Slovenia), Prof.
Bojan Stumberger (Slovenia), Prof. Soteris Kalogirou (Cyprus), Prof. Stefano Cordiner
(ltaly), Prof. Jinyue Yan (Sweden), Prof. Umberto Desideri (Italy), Prof. M.S.J. Hashmi
(Ireland), Prof. Michele Dassisti (Italy), Prof. Michele Gambino (ltaly), Prof. S. Orhan
Akansu (Turkey), Dr. David Timoney (Ireland), Prof. David Kennedy (Ireland), Prof. Bekir
Sami Yilbas (Saudi Arabia), Dr. Brid Quilty (Ireland), Prof. B. AbuHijleh (UAE), Prof.
Vincenc Butala (Slovenia), Prof. Jim McGovern (Ireland), Prof. Socrates Kaplanis
(Greece), Dr. Hussam Jouhara (UK), Prof. Igor Ti¢ar (Slovenia), Prof. Darko Gori¢anec
(Slovenia), Dr. Joseph Stokes (Ireland), Prof. Antonio Valero (Spain), Prof. Aristide F.
Massardo (Italy), Prof. Ashwani Gupta (USA), Dr. Aoife Foley (UK), Dr. Athanasios
Megartis (UK), Prof. Francesco Di Maria (ltaly), Prof. George Tsatsaronis (Germany), Prof.
Luis M. Serra (Spain), Prof. Savvas Tassou (UK), Prof. Luigi Alloca (ltaly), Prof. Faek
Diko (Germany), Dr. F. Al-Mansour (Slovenia), Dr. Artur Grunwald (Germany), Dr. Peter
Trop (Slovenia), Prof. Philippe Knauth (France), Prof. Paul Borza (Romania), Prof. Roy
Douglas (UK), Prof. Dieter Meissner (Austria), Dr. Danijela Urbancl (Slovenia), Prof.
Daniel Favrat (Switzerland), Prof. Erik Dahlquist (Sweden), Prof. Eric Leonhardt (USA),
Prof. GianLuca Rospi (ltaly), Prof. Giuseppe Casalino (Italy), Prof. J. Dawson (USA), Dr.
José Simoes (Portugal), Prof. Kadir Aydin (Turkey), Dr. Khaled Benyounis (Ireland), Prof.
Laszlo Garbai (Hungary), Prof. Mariano Martin (Spain), Prof. Masahiro Ishida (Japan),
Prof. Michael Seal (USA), Prof. Marco Spinedi (lItaly), Prof. Michio Kitano (Japan), Prof.
Milovan Jotanovi¢ (BiH), Prof. Nafiz Kahraman (Turkey), Prof. Na Zhang (China), Prof.
Naotake Fujita (Japan), Prof. Niko Samec (Slovenia), Prof. Oleksandr Zaporozhets
(Ukraine), Prof. Osama Al-Hawaj (Kuwait), Prof. Petar VVarbanov (Hungary), Prof. Peter
Goethals (Belgium), Prof. Qi Zhang (China), Prof. Rik Baert (The Netherlands), Prof. Rolf
Ritz (USA), Dr. Stephen Glover (UK), Prof. Signe Kjelstrup (Norway), Dr. Sumsun Naher
(UK), Prof. Sven Andersson (Sweden), Dr. Salah Ibrahim (UK), Prof. Sebahattin Unalan
(Turkey), Prof. Sabah Abdul-Wahab Sulaiman (Oman), Prof. Somrat Kerdsuwan
(Thailand), Prof. T. Hikmet Karakog¢ (Turkey), Prof. Tahir Yavuz (Turkey), Prof. Hon
Loong Lam (Thailand), LL.M. Tina Zagar (Slovenia), Prof. A.M.Hamoda (Qatar), Prof. Gu
Hongchen (China), Prof. Hagsmet Turkoglu (Turkey), Dr. Hussam Achour (Ireland), Dr.
James Carton (Ireland), Dr. Eivind Johannes (Norway), Prof. Elvis Ahmetovi¢ (BiH), Prof.



D.G.Simeonov (Bulgaria), Prof. Abdelakder Outzourhit (Morocco), Prof. Bilge Albayrak
Ceper (Turkey), Prof. Bekir Ziihtii Uysal (Turkey), Prof. D. Bradley (UK), Dr. Silvia
Tedesco (UK), Dr. Valentin lvanov (Germany), Dr. Vincent Lawlor (Austria), Prof.
Yonghua Cheng (Belgium), Prof. Yasufumi Yoshimoto (Japan), Prof. Yahya Erkan Akansu
(Turkey), Prof. Yunus Ali Cengel (Turkey), Prof. Zeljko Knez (Slovenia), Prof. Zoltan
Magyar (Hungary), Dr. William Smith (Ireland), Dr. Abed Alaswad (UK).

First published in 2017 by

University of Maribor Press

Slomskov trg 15, 2000 Maribor, Slovenia
tel. +386 2 250 42 42, fax +386 2 252 32 45
http://press.um.si, zalozba@um.si

Co-published by

University of Maribor, Faculty of Chemistry and Chemical Engineering
Smetanova ulica 17,2000 Maribor, Slovenia

tel. +386 (0)2 22 94 400, faks + 386 (0)2 25 27 774

http://iwww. fkkt.um.si, fkkt@um.si

Published: 5. July 2017

© University of Maribor Press

All rights reserved. No part of this book may be reprinted or reproduced or utilized in any form or by any electronic, mechanical,
or other means, now known or hereafter invented, including photocopying and recording, or in any information storage or
retrieval system, without permission in writing from the publisher.

CIP - KataloZni zapis o publikaciji
Univerzitetna knjiZnica Maribor

621.311:502.131.1(0.034.2)

INTERNATIONAL Conference on Sustainable Energy and Environmental Protection (10 ;
2017 ; Bled)

Energy management and policies [Elektronski vir] : (Conference proceedings)
/ 10th International Conference on Sustainable Energy and Environmental Protection,
(June 27th-30th, 2017, Bled, Slovenia) ; [organised by] University of Maribor [and]
University of the West of Scotland ; editors Jurij Krope ... [et al.]. - El. zbornik.
- Maribor : University of Maribor Press, 2017

Nac¢in dostopa (URL): http://press.um.si/index.php/ump/catalog/book/242

ISBN 978-961-286-051-6 (pdf)

doi: 10.18690/978-961-286-051-6
1. Gl. stv. nasl. 2. Krope, Jurij 3. Univerza (Maribor)
COBISS.SI-ID 92427521

ISBN  978-961-286-051-6
DOI:  https://doi.org/10.18690/978-961-286-051-6
Price:  Free copy

For publisher:  Prof. Igor Ti¢ar, Ph.D., rector (University of Maribor)

https://doi.org/10.18690/978-961-286-051-6 ISBN 978-961-286-051-6
© 2017 University of Maribor Press
Auvailable at: http://press.um.si



http://press.um.si/index.php/ump/catalog/book/242
https://plus.si.cobiss.net/opac7/bib/92427521

10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND

)
ENVIRONMENTAL PROTECTION (JUNE 27™ — 30™, 2017, BLED, -ﬁ-

SLOVENIA), ENERGY MANAGEMENT AND POLICIES i
_ . " . niversity of Maribor Press
J. Krope, A.Ghani Olabi, D. Gori¢anec & S. Bozi¢nik

Preface

The 10" International Conference on Sustainable Energy and environmental Protection —
SEEP 2017 was organised on June 27 — 301 2017 in Bled, Slovenia, by:

e Faculty of Chemistry and Chemical Engineering, University of Maribor,
Slovenia,
e University of the West of Scotland, School of Engineering and

The aim of SEEP2017 is to bring together the researches within the field of sustainable
energy and environmental protection from all over the world.

The contributed papers are grouped in 18 sessions in order to provide access to readers
out of 300 contributions prepared by authors from 52 countries.

We thank the distinguished plenary and keynote speakers and chairs who have kindly
consented to participate at this conference. We are also grateful to all the authors for their
papers and to all committee members.

We believe that scientific results and professional debates shall not only be an incentive
for development, but also for making new friendships and possible future scientific
development projects.

General chair
Emeritus Prof. dr. Jurij Krope

Ky
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Plenary Talk on
The Relation between Renewable Energy and Circular
Economy

ABDUL GHANI OLABI - BIBLIOGRAPHY

Prof Olabi is director and founding member of the Institute of
Engineering and Energy Technologies (www.uws.ac.uk\ieet) at the
University of the West of Scotland. He received his M.Eng and Ph.D.
from Dublin City University, since 1984 he worked at SSRC,
HIAST, CNR, CRF, DCU and UWS. Prof Olabi has supervised
postgraduate research students (10 M.Eng and 30PhD) to successful
completion. Prof Olabi has edited 12 proceedings, and has published
more than 135 papers in peer-reviewed international journals and
about 135 papers in international conferences, in addition to 30 book
chapters. In the last 12 months Prof Olabi has patented 2 innovative
projects. Prof Olabi is the founder of the International Conference on Sustainable Energy
and Environmental Protection SEEP, www.seepconference.co.uk

He is the Subject Editor of the Elsevier Energy  Journal
https://www.journals.elsevier.com/energy/editorial-board/abdul-ghani-olabi, also
Subject editor of the Reference Module in Materials Science and Materials Engineering
http://scitechconnect.elsevier.com/reference-module-material-science/  and board
member of a few other journals. Prof Olabi has coordinated different National, EU and
International Projects. He has produced different reports to the Irish Gov. regarding:
Hydrogen and Fuel Cells and Solar Energy.

CORRESPONDENCE ADDRESS: Abdul Ghani Olabi, Ph.D., Professor, University of the West of
Scotland, School of Engineering and Computing, D163a, McLachlan Building, Paisley, United
Kingdom, e-mail: Abdul.Olabi@uws.ac.uk.
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Plenary Talk on
Energy Footprints Reduction and Virtual Footprints
Interactions

JIRI JAROMIR KLEMES & PETAR SABEV VARBANOV

Increasing efforts and resources have been devoted to research during environmental studies,
including the assessment of various harmful impacts from industrial, civic, business,
transportation and other economy activities. Environmental impacts are usually quantified
through Life Cycle Assessment (LCA). In recent years, footprints have emerged as efficient
and useful indicators to use within LCA. The footprint assessment techniques has provided a
set of tools enabling the evaluation of Greenhouse Gas (GHG) — including CO,, emissions
and the corresponding effective flows on the world scale. From all such indicators, the energy
footprint represents the area of forest that would be required to absorb the GHG emissions
resulting from the energy consumption required for a certain activity, excluding the proportion
absorbed by the oceans, and the area occupied by hydroelectric dams and reservoirs for
hydropower.

An overview of the virtual GHG flow trends in the international trade, associating the GHG
and water footprints with the consumption of goods and services is performed. Several
important indications have been obtained: (a) There are significant GHG gaps between
producer’s and consumer’s emissions — US and EU have high absolute net imports GHG
budget. (b) China is an exporting country and increasingly carries a load of GHG emission
and virtual water export associated with consumption in the relevant importing countries. (c)
International trade can reduce global environmental pressure by redirecting import to products
produced with lower intensity of GHG emissions and lower water footprints, or producing
them domestically.

To develop self-sufficient regions based on more efficient processes by combining
neighbouring countries can be a promising development. A future direction should be focused
on two main areas: (1) To provide the self-sufficient regions based on more efficient processes
by combining production of surrounding countries. (2) To develop the shared mechanism and
market share of virtual carbon between trading partners regionally and internationally.

CORRESPONDENCE ADDRESS: Jifi Jaromir Klemes, DSc, Professor, Brno University of Technology
- VUT Brno, Faculty of Mechanical Engineering, NETME Centre, Sustainable Process Integration
Laboratory — SPIL, Technicka 2896/2, 616 69 Bmo, Czech Republic, e-mail:
klemes@fme.vutbr.cz. Petar Sabev Varbanov, Ph.D., Associate Professor, Brno University of
Technology - VUT Brno, Faculty of Mechanical Engineering, NETME Centre, Sustainable Process
Integration Laboratory — SPIL, Technicka 2896/2, 616 69 Brno, Czech Republic, e-mail:
varbanov@fme.vutbr.cz.
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JIRI JAROMIR KLEMES - BIBLIOGRAPHY

Head of “Sustainable Process Integration Laboratory — SPIL”, NETME
Centre, Faculty of Mechanical Engineering, Brno University of Technology
- VUT Brno, Czech Republic and Emeritus Professor at “Centre for Process
Systems Engineering and Sustainability”, Pézmany Péter Catholic
University, Budapest, Hungary.

Previously the Project Director, Senior Project Officer and Hon Reader at
Department of Process Integration at UMIST, The University of Manchester
and University of Edinburgh, UK. Founder and a long term Head of the

: Centre for Process Integration and Intensification — CPI2, University of
Pannoma Veszprem Hungary. Awarded by the EC with Marie Curies Chair of Excellence (EXC).
Track record of managing and coordinating 91 major EC, NATO and UK Know-How projects.
Research funding attracted over 21 M€.

Co-Editor-in-Chief of Journal of Cleaner Production (IF=4.959). The founder and President for 20
y of PRES (Process Integration for Energy Saving and Pollution Reduction) conferences.
Chairperson of CAPE Working Party of EFCE, a member of WP on Process Intensification and of
the EFCE Sustainability platform.

He authored nearly 400 papers, h-index 40. A number of books published by McGraw-Hill;
Woodhead; Elsevier; Ashgate Publishing Cambridge; Springer; WILEY-VCH; Taylor & Francis).

Several times Distinguished Visiting Professor for Universiti Teknologi Malaysia, Xi’an Jiaotong
University; South China University of Technology, Guangzhou; Tianjin University in Ching;
University of Maribor, Slovenia; University Technology Petronas, Malaysia; Brno University of
Technology and the Russian Mendeleev University of Chemical Technology, Moscow. Doctor
Honoris Causa of Kharkiv National University “Kharkiv Polytechnic Institute” in Ukraine, the
University of Maribor in Slovenia, University POLITEHNICA Bucharest, Romania. “Honorary
Doctor of Engineering Universiti Teknologi Malaysia”, “Honorary Membership of Czech Society
of Chemical Engineering", "European Federation of Chemical Engineering (EFCE) Life-Time
Achievements Award" and "Pro Universitaire Pannonica" Gold Medal.

CORRESPONDENCE ADDRESS: Jifi Jaromir Klemes, DSc, Professor, Brno University of Technology
- VUT Brno, Faculty of Mechanical Engineering, NETME Centre, Sustainable Process Integration
Laboratory — SPIL, Technickd 2896/2, 616 69 Bmo, Czech Republic, e-mail:
klemes@fme.vutbr.cz.
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Plenary Talk on
Renewable energy sources for environmental protection

HAKAN SERHAD SOYHAN

Development in energy sector, technological advancements, production and consumption
amounts in the countries and environmental awareness give shape to industry of energy.
When the dependency is taken into account in terms of natural resources and energy,
there are many risks for countries having no fossil energy sources. Renewable and clean
sources of energy and optimal use of these resources minimize environmental impacts,
produce minimum secondary wastes and are sustainable based on current and future
economic and social societal needs. Sun is one of the main energy sources in recent years.
Light and heat of sun are used in many ways to renewable energy. Other commonly used
are biomass and wind energy. To be able to use these sources efficiently national energy
and natural resources policies should be evaluated together with the global developments
and they should be compatible with technological improvements. Strategic plans with
regard to energy are needed more intensively and they must be in the qualification of a
road map, taking into account the developments related to natural resources and energy,
its specific needs and defining the sources owned by countries. In this presentation, the
role of supply security was evaluated in term of energy policies. In this talk, new
technologies in renewable energy production will be shown and the importance of supply
security in strategic energy plan will be explained.

CORRESPONDENCE ADDRESS: Hakan Serhad Soyhan, Ph.D., Professor, Sakarya University,
Engineering Faculty, Esentepe Campus, M7 Building, 54187 - Esentepe /Sakarya, Turkey, e-mail:
hsoyhan@sakarya.edu.tr.
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HAKAN SERHAD SOYHAN - BIBLIOGRAPHY

Professor at Sakarya University, Engineering Faculty. 50 % fot teaching
and the rest for reasearch activities.

Teaching, courses taught:
Graduate courses:

- e Combustion technology;
? e Modelling techniques;

Undergraduate courses:

e  Combustion techniques;
e Internal combustion engines;
e  Fire safety.

Tehnical skills and competences professional societies:

25 jurnal papers in SCI Index. 23 conference papers;

Editor at FCE journal. Co-editor at J of Sakarya University;
Head of Local Energy Research Society (YETA);

Member od American Society of Mechanical engineers (ASME);
Member of Turkish Society of Mechanical Engineers (TSME).

CORRESPONDENCE ADDRESS: Hakan Serhad Soyhan, Ph.D., Professor, Sakarya University,
Engineering Faculty, Esentepe Campus, M7 Building, 54187 - Esentepe /Sakarya, Turkey, e-mail:
hsoyhan@sakarya.edu.tr.
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Defining Corporate Energy Policy and Strategy to Achieve
Carbon Emissions Reduction in Non-Energy Intensive
Multi-Site Industrial Organisations

NOEL FINNERTY, SERGIO CONTRERAS, RAYMOND STERLING, DANIEL COAKLEY &
MARcCUS M. KEANE

Abstract Research on the components and characteristics of long-term
energy policy and strategies in large organisations is limited. Non-energy
intensive multinationals do not face the environmental regulations required
by their energy intensive counterparts, further widening the “energy
efficiency gap” due to missed opportunities. This work investigates the
development of long-term energy policy and associated strategy for non-
energy intensive multi-site organisations via a systematic literature review
identifying essentials of energy policy, strategy and associated
barriers/drivers to energy efficiency. Highlights include a review of energy
policy guidelines and standards, an analysis of the parameters influencing
decision-making practices, including the non-energy benefits of energy
efficiency investments and a study of 6 top-ranked sustainable global
companies to identify best-practices. Subsequently, this work proposes a
methodology to formulate ‘corporate energy policy and strategy’ for non-
energy intensive industries. A case study is presented with findings on
initial deployment in a Fortune 500 multinational.

Keywords: « energy policy * energy strategy * ISO 50001 * non-energy
intensive ¢ multinational ¢

CORRESPONDENCE ADDRESS: Noel Finnerty, Boston Scientific Corporation, Ballybrit Business
Park, Galway, Ireland, email: Noel.Finnerty@bsci.com. Sergio Contreras, College of Engineering
and Informatics, IRUSE, Ryan Institute, NUI, Galway, Ireland, email: sdcontrerasg@gmail.com.
Raymond Sterling, PhD, Researcher, College of Engineering and Informatics, IRUSE, Ryan
Institute, NUI, Galway, Ireland, email: raymond.sterling@nuigalway.ie. Daniel Coakley, PhD,
College of Engineering and Informatics, IRUSE, Ryan Institute, NUI, Galway, Ireland, email:
danielcoakleyl@gmail.com. Marcus M. Keane, Lecturer, College of Engineering and Informatics,
IRUSE, Ryan Institute, NUI, Galway, Ireland, email: Marcus.keane@nuigalway.ie.
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N. Finnerty, S. Contreras, R. Sterling, D. Coakley & M. M. Keane: Defining Corporate
Energy Policy and Strategy to Achieve Carbon Emissions Reduction in Non-Energy
Intensive Multi-Site Industrial Organisations

1 Introduction

Industrial firms struggle to make positive investment decisions on energy efficiency
projects even when they are financially viable, contribute to lessen their impact on the
environment and even provide additional non-energy benefits. This sub-optimal level is
referred to in literature as the “energy efficiency gap” [1]. It is a consequence of the
interaction between energy efficiency barriers and drivers that affect a firm’s decision
making processes.

Empirical research shows that energy efficiency barriers affect small, medium and large
manufacturing companies, and that the impact on non-energy intensive® firms is greater
than on the energy intensive ones [2]. Since energy costs are a small fraction of
production costs in non-energy intensive companies, energy efficiency is given less
importance. Moreover, as energy efficiency may not be closely related to the core
business activities, it could also be treated as non-strategic, leading to lack of top
management involvement, competition for funding with other “more important”
investments, limited resources and an unstructured decision making process [3].

Different drivers stimulate enterprises to find and execute investments in energy
efficiency. These drivers can be internal or external to the firm and include, reduction of
production costs, compliance with environmental regulations on energy efficiency and
CO; emissions or an improved sustainability record. Non-energy intensive organizations
are not required to meet the strict environmental regulations required by their energy
intensive counterparts, however, due to their size and revenue volumes, they are subject
to high public exposure through corporate sustainability rankings making them an
interesting focus group in terms of energy policy and strategy formulation. However,
drivers are ineffective to overcome barriers if companies do not practice energy
management and lack long term energy strategies and appropriate energy management
systems [1], [2].

This study identifies the essential components of a corporate energy policy and proposes
an approach to formulate the supporting energy strategies to enable non-energy intensive
firms meet energy and carbon reduction goals.

2 Literature Review

In large organisations, energy policy is typically associated with an internal energy
strategy. Although, a long-term energy strategy is a fundamental driver for energy-related
issues, research about essential components and characteristics of such a corporate
strategy are rare. An study in Sweden, found that the majority of the studied firms did not
have an energy strategy or had a short-term one (<3 years) [1]. Also in Sweden, it has
been found that long-term energy strategies of more than three years are more frequent
in large firms than in small ones [4]. It is expected that an energy strategy helps to create,
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maintain, or develop a firm’s competitive advantage by increasing value, reducing costs
and reducing risks associated with energy issues [3]. Finally, to the best of our
knowledge, peer reviewed literature on corporate energy policy and supporting energy
strategy is scarce, to date, no research has been conducted for non-energy intensive
multinationals.

2.1 Main barriers to energy efficiency

Since 1998 empirical studies have provided evidence about the barriers that prevent cost-
effective energy efficiency projects from being executed in manufacturing firms.
Previous research revealed that barriers vary according to both the characteristics of the
firm (e.g. size, energy intensity and sector) and the energy efficiency measure (e.g.
production disruption, implementation and technical requirements).

Low capital availability is a recurring and relevant economic obstacle for energy
efficiency investments, but, in large firms, it can be considered because of the low priority
of energy efficiency. This low priority reveals companies strategic view on energy
efficiency [5]. In fact, while access to external funding and lack of own capital are
reported as causes for this barrier in SME’s [6][7], opportunity costs and allocation of
capital to other non-energy projects might be the reason in large enterprises [8].

Risk of production disruptions are regarded as a critical barrier in both non-energy
intensive [9] [10] and energy intensive firms [11].

Lack of awareness, governmental initiatives, and time to implement energy efficiency are
also identified barriers [10], [2], [6], [12].

2.2 Main drivers to energy efficiency

Reduction of energy costs is perceived as the most important driver for energy efficiency
but it might not be enough motivation to adopt energy conservation measures if energy
is given low-priority within the organisation [5], [13].

The existence of a long-term energy strategy and ambitious people within an organisation
is one of the top drivers for adoption of energy efficiency measures [9], [11], [14].

Awareness of the non-energy benefits related to an energy efficiency investment, those
that affect the production cost, and including them into the financial evaluation can also
lead to more favourable assessments [15]. Energy efficiency projects can be successfully
sold to management if rather than the usual financial approach a strategic approach is
taken [5] by using non-energy benefits to emphasise its contribution to enhance a firm’s
competitive advantage.
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However, industry “do not seem to have yet acknowledged how relevant non-energy
benefits are to promote energy efficiency measures adoption” [2], and “lack of knowledge
of how these [non-energy benefits] should be quantified and monetised” [16].

2.3 Decision-making practices in manufacturing firms

The investment decision process plays a definitive role in the selection and
implementation of energy efficiency measures in manufacturing firms. The decision-
making practices are influenced by diverse internal factors surrounding the evaluation
process (e.g. criteria selection), the financial assessment (e.g. fiscal rules on payback
period and methods used) and the investment parameters such as categorisation, size and
complexity. In addition, external and cultural factors also shape decision-making
processes. “Profitability plays an important but not decisive role in investment decision-
making” [12], the rest of the decision is related to, for example, strategic character of
investment, company culture and knowledge of non-energy benefits or lack of
information about contracts with third party companies (e.g. ESCOs or fuel suppliers).

2.4 Non-energy benefits of energy efficiency investments

Non-energy benefits are mainly related to positive impacts on productivity such as lower
maintenance costs and improved public image.

Benefits such as reduced labour and maintenance costs can be monetised to construct
compelling business cases with higher savings and better financial metrics than those
accounting for lower energy consumption alone [17]. The average payback period from
a sample of projects was reduced from 4.2 to 1.9 years when the contribution of
productivity related benefits was monetised [15].

Non-energy benefits are considered as essential components of the business case and
profitability of energy efficiency investments. Two main reasons are identified. First, by
connecting non-energy benefits and their contribution to improve a firm’s competitive
advantage imprints a strategic character to these investments. Second, the potential of
non-energy benefits to increase the profitability of energy efficiency projects.

25 Energy policy guidelines from international standards

ISO-50001 [18], ENERGY STAR™ [19], and SEP™ [20] standards recognise that
energy policy is fundamental to set the direction and drive energy performance
improvement through the implementation of energy management systems. These
standards converge in defining energy policy as top management’s official commitment
to improve energy performance in an organisation. However, none provides a step by
step guide to policy formulation and associated supporting strategies.
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2.6 Industry best practices on corporate energy policy

Companies voluntarily participate in sustainability ranking processes via surveys [21]-
[23] aimed at recognition as leading performers in sustainability. The outcome of these
rankings is followed by investors that direct resources towards top ranked enterprises
[23]-[25]. Top ranked sustainable companies are a source of best practices in energy
performance improvement. Since part of the ranking criteria relate to energy
performance, their sustainability assessments cover energy related issues. Six non-energy
intensive corporations were studied. They are recognised leaders in sustainability in their
industry sector.

An analysis of the energy policy practices that are being applied by the six corporations,
including information found in the Carbon Disclosure Project, is used to identify best
practices on energy policy. Findings are:

e Hierarchy within the organisation: embedded into or dependent on the
Corporate Sustainability Policy.

e Justification: Alignment to relevant climate change efforts (e.g. Paris
Agreement [26]);

e Carbon emission scope covered by energy policy: Scopes 1, 2 or 3 of the
Green House Gas Protocol [27];

e Duration: Two main deadlines identified: 100% RES electricity by 2020;
80%-100% emissions reduction by 2050;

e Targets: Separate energy from CO, targets:

o Energy: Source all electricity from RES (medium term) and all energy from
RES (long term);

o Carbon: carbon positive or carbon neutral;

e Target setting methods: ‘Scientific based’.

e Common strategies for targets achieving: Promotion of energy efficient
manufacturing; Use of renewable energy; Dedicated budget for energy and
carbon reduction projects; Monetary reward for managers linked to targets'
achievement; and Membership to industry advocacy initiatives.

e Other strategies: 1SO-50001 implementation, favourable ROI requirement
for energy/carbon reduction projects, operation in ‘green’ certified buildings,
new facilities aligned to high energy efficiency standards.

None of the six top ranked corporations uses an internal price for carbon to drive
investments in energy performance improvements that reduce carbon emissions. In
addition, only one corporation uses carbon offsets to neutralise its global carbon
emissions and another has set a goal to reach a carbon positive state.



6 10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL
PROTECTION (JUNE 27TH—30™, 2017, BLED, SLOVENIA), ENERGY MANAGEMENT AND
PoLICIES
N. Finnerty, S. Contreras, R. Sterling, D. Coakley & M. M. Keane: Defining Corporate
Energy Policy and Strategy to Achieve Carbon Emissions Reduction in Non-Energy
Intensive Multi-Site Industrial Organisations

3 Methodology

This section proposes a methodology for the definition of a corporate energy policy (Why)
and the development of an associated corporate energy strategy (How) to deliver on the
vision and goals set out (What) in the proposed policy.

3.1 Corporate energy policy

The corporate energy policy is part of the organisation's sustainability policy or plan to
improve environmental performance.

An energy policy establishes top management’s direction regarding energy issues in the
long-term, emphasizes top management’s support to energy management and contains
goals such as reduction of energy usage and implementation of energy management
systems [1].

The energy policy will document the justification for pursuing performance
improvements and will ensure organisation’s top-level commitment to achieve carbon
emissions reduction targets. The policy should remove the barriers and build on the
drivers identified in section 2.

Based on the identified best-practices, Figure 1 summarises the process for developing
and implementing a corporate energy policy.

=

Revise Outline
Communicate Define
Approve

Figure 1. Energy Policy Process.

Outline: a single, easy to read yet comprehensive statement is needed to outline the
corporate energy policy. This statement is the first commitment of the organisation
towards improving its performance and is also a key communication piece for
disseminating the policy. The statement must at least show a clear performance
improvement goal and deadline for achievement (e.g. carbon neutrality by 2030).
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Define: the next step is to define the constitutive elements of the corporate energy policy.
The corporate energy policy must at a minimum:

e Be aligned with the organisation’s nature and strategic direction of the
corporate sustainability plan;

e Reflect the organisation’s long term vision in energy performance and carbon
emissions (e.g. Alignment with global climate change efforts such as the Paris
Agreement);

e Clearly define what is within the scope of the performance targets set as
defined by the Greenhouse Gas Protocol [28];

e Engage and commit top-management to the implementation of the vision;

e Commit to the development of a roadmap to achieve the long-term vision
(energy strategy section 3.2);

e Establish performance improvement as a priority and align individual sites to
it;

o Reflect the commitment to provide the necessary resources to achieve the
vision;

e Be documented;

e Commit to internal and external communication of its goals and achievements;

e Enact a periodic review and update process.

Approve: since the energy policy presents a clear and sometimes aggressive commitment
to achieving improved performances, it is paramount that it is approved and endorsed by
top-management.

Communicate: the energy policy must articulate and disseminate, through a common
language, its commitment to employees, shareholders, the community and
(internal/external) stakeholders.

Revise: revise the energy policy document periodically to ensure its alignment with the
corporate sustainability plan and updated global performance improvement efforts.

3.2 Corporate energy strategy

The corporate energy strategy should define the targets, roadmap and enablers required
to meet the long-term targets that ultimately deliver the long-term vision committed to

by policy.
Set ‘SMART’ Targets

While the policy defines the long-term vision and associated boundary conditions (GHG
protocol), best practice indicates that a staged approach to reaching the vision through
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long term target setting is optimal. Definition of targets is suggested to follow the
‘SMART’ approach [29]: Scientific based, Measurable, Attainable, Relevant and Time
bound. It is recommended to separate energy and carbon targets as follows:

P% renewable electricity by 20YY (medium term);
Q% renewable energy by 20ZZ (long term);

R% CO; reduction by 20WW (medium term);
Carbon neutral/positive by 20TT (long term).

Energy Strategy Roadmap

The proposed roadmap is referred to as C3. It stands for Cut, Convert and Compensate.
It is aligned to the long-term target performance requirements.

Cut energy use: continuous pursuit of increased energy efficiency at a site level through
EEM’s (Energy Efficiency Measures).

Convert to renewables: through a procurement strategy and its generation on site.

Compensate unavoidable CO, emissions: purchase off-setting certificates, through
projects ‘in country’ where possible.

It is worth noting whilst all three strands of the roadmap can be developed in parallel it
is envisaged that the implementation of ‘Compensate’ commences when the ‘Cut’ &
‘Convert’ initiatives are mature.

Energy Strategy Enablers

To advance the C® roadmap and meet the targets outlined ultimately requires investment.
The literature review highlights the gaps that currently exist in the ad-hoc decision-
making practices. To ensure optimal investment a ‘Decision Support Framework’ (DSF)
is needed to allow top management unbiased visibility to all potential EEM’s from any
site [30].

The C2 roadmap is underpinned by several enablers that provide critical inputs from
management teams. The following paragraphs outline the key areas supported by
enablers;

Decision making process: requires defining the project selection criteria to use (e.g.
financial, sustainability and business continuity criteria) and the appropriate mechanism
to quantify (monetise if possible) all associated non-energy related benefits. The strategic
input is from top management and it is fed into the DSF. Assigning a value to ‘non-energy
related benefits’ needs to include the impact to the sustainability targets set (e.g. using
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carbon pricing) as well as those related to improved business reliability and reduced
maintenance. Such approach helps formulate a compelling business cases by effectively
communicating the link between energy improvement projects and core business
activities. This is a vital stage in the process of ‘levelling the playing field’ between
energy and other company investments. Firstly, as defining the selection criteria enables
energy projects compete independently from other business related projects. Secondly, if
there is no dedicated energy budget it is imperative that all non-energy benefits are
accounted for to optimise the business case.

Investment Strategy: top management and the finance department are key players.
Ideally a dedicated budget is set-aside for C* implementation. Even if this is not always
feasible, an investment roadmap is required to deliver the strategy and policy targets.
Direction is needed on the preferred company funding mechanism (e.g. own company
capital vs. power purchase agreements (P.P.A)) and on financial rules relating to payback
parameters such as NPV, IRR, and Rol. The strategy needs to recognise the special
features that typical energy projects exhibit (e.g. long payback times). It is recommended
to fix future energy forecasting based on a set period of past performance for each site in
the network. Agreement on the financial equivalent of a production disruption period
(recommended one hour) is required to monetise the potential impact or improvement on
business continuity associated with an EEM. Establishing accountability and links
between management remuneration and energy performance targets is also
recommended.

Energy management system support: initiatives driven by an energy management
system are enabled by strategic energy management decisions. For example: energy audit
frequency and intensity level, energy management maturity models and yearly
progression targets, alignment to independent certification bodies (e.g. LEED and 1SO-
50001) to ensure best practices, alignment to industry advocacy initiatives (e.g. CDP and
RE100) for recognition of progress and achievements and, communication strategies
(internal and external).

Verify: Metrics and monitoring

Key performance indicators (KPI) are required to track performance at an individual site
and organisation level to meet policy targets. The KPI are designed to capture both
quantitative (e.g. energy usage) and qualitative (e.g. energy management maturity)
metrics.

Promote and disseminate the strategy

Investment in EEM is improved by effectively communicating the link between EEM
and core business activities. Alignment of policy and strategy reporting to the ‘Global
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Reporting Initiatives’ [31] is recommended to facilitate benchmarking and sustainability
mapping from organisation’s sustainability reports.

4 Case study

GEMS (Global Energy Management System) [30] is a methodology designed between
Boston Scientific Corporation (BSC) and the National University of Ireland, Galway
(NUIG) aimed to guide multi-site organisations to meet energy reduction and GHG
targets. GEMS complements each individual site’s energy management system
regardless of maturity level. GEMS is being rolled out in BSC which is a non-energy
intensive multi-national manufacturing corporation in the life sciences industry.

4.1 GEMS introduction

The GEMS methodology [30] results in a simplified, understandable, systematic,
repeatable and scalable decision support framework addressing the complexities unique
to decision-making on capital investments in global multi-site organisation. The GEMS
methodology is based on three foundation elements and four pillars as outlined in Figure
2.
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Figure 2. GEMS overview

The GEMS methodology is ideally positioned to implement a corporate energy policy
(foundation) and associated energy strategy (pillar) as outlined in section 3.
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4.2 GEMS energy policy foundation
BSC (GEMS) energy policy forms part of the corporate sustainability policy and
represents top management's commitment to drive and fund optimal network energy
performance and reduce carbon emissions across all its sites in support of global efforts
aligned to the Paris Agreement on climate change. The policy was outlined and defined
by the global energy manager and has been approved by top-management.
BSC’s boundary is Scope 1 and Scope 2 Emissions as defined by the GHG Protocol.
BSC will document GEMS in its 2016 sustainability report which is distributed internally
and externally to all relevant stakeholders, apart from being publicly accessible through
BSC webpage. The energy policy is reviewed and updated (if required) annually.
4.3 GEMS energy strategy pillar
‘SMART’ Targets
BSC has set the following target:

e 35% reduction in CO by 2019 compared to 2009 baseline;

Note: Under GEMS renewable electricity, renewable energy and carbon neutral or
positive targets are under review.

Energy Strategy Roadmap

Using GEMS as the framework, the ‘Energy Strategy’ pillar navigates the roadmap to
potential carbon neutrality using the C2 approach.

Cut energy use: under the governance of GEMS, in 2016 alone BSC invested over US$5
million into strategic energy infrastructure yielding US$2.25 million in long term
operational annual savings and reducing CO; emissions by over 4% (3,866t of CO2.¢q
emissions avoided).

Convert to renewables: this is a high-impact low-cost approach, BSC is currently
reviewing all existing energy provider contracts to assess potential for supply from
renewable sources.

Compensate unavoidable CO,: BSC will review implementation of Carbon off-set
projects when the ‘Cut’ and ‘Convert’ initiatives are mature.
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Energy Strategy Enablers

Decision-making process: under GEMS, BSC implemented a DSF as the cornerstone of
the decision-making strategy where operation savings, sustainability targets and business
continuity are part of the assessment criteria [32]. It is worth noting the NPV on a high
impact EEM (Tri Generation plant) increased by 40% when all the non-energy benefits
were accounted for. These included cost avoidance of CO, emissions, reduced running
costs and maintenance of exiting HVAC equipment and business continuity
improvements. The impact of a specific EEM on the overall company and site
sustainability target is listed in the DSF results despite being already implicit via internal
carbon pricing; such is the qualitative nature of the carbon emissions performance.

Investment strategy: BSC has proposed a dedicated fund to support their long-term
goals (calculated as internal carbon pricing times their carbon emissions times multiple
year payback periods). This creates good practice and aligns to the ‘Cut’ phase of the C3
roadmap. Both, company capital and PPA are used in their strategy, with PPA model
typically used for longer term returns. NPV and IRR are fundamental financial metrics
for project assessment. Future energy forecasting is based on the associated sites previous
5 year historical trends unless exceptional circumstances applies. Production disruption
period of 1hour is agreed on a site by site basis proportional to the overall value of the
site value of production.

Energy management system Support: The GEMS energy audit and energy maturity
level parameters are set by the Global Energy Management Team. BSC has eleven LEED
certified buildings including platinum for their global headquarters. BSC main
distribution centre in Quincy, US, is ENERGY STAR certified. In 2016, the ‘Newsweek
Green Ranking’ listed BSC in 21 position in the US, an improvement of 8 places from
2015.

Verify: Metrics and monitoring

GEMS utilises six enterprise level KPI’s to track performance at an individual site and
Global level as follows; Energy usage, energy management maturity level, green real
estate, carbon footprint, green energy, cleaner energy.

Promote and disseminate the strategy

GEMS utilises a dedicated pillar to perform all aspects of ‘shared learning and

dissemination’. GEMS logo and tag-line ‘At BSC patient care begins with Planet care”
are direct outcomes of this pillar.
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Conclusions and Future work

The methodology outlined contains the key components of a long term corporate energy
policy and strategic roadmap to address the barriers and support the drivers identified in
the literature review. The energy strategy helps reduce the gaps identified in the literature
around decision making practices and the non-energy benefits. Both policy and strategy
build on best practices identified from recognised leaders in sustainability within their
industry sector.

Future work will focus on evolving the methodology to enable further deployment in
other organisations.
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Notes

1 In non-energy intensive organisation, energy costs are < 2% of the turnover or <5% of production
costs [2], [9].
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1 Introduction

In implementing energy management, organisations align to standards such as 1ISO-50001
aimed at improving energy performance. These standards require implementing
organisations to develop and prioritise energy performance improvement projects.
However, specific guidelines for such prioritisation are missing, resulting in
organisations having to create bespoke solutions. For industrial firms, including non-
energy intensive multi-site organisations® with operations across a network of sites, this
ad-hoc approach may result in both, under-investment and non-optimal or biased
investment decisions. This has been highlighted in literature as a contributing factor to
the energy efficiency gap [1].

This work proposes a project prioritisation tool to close this gap as part of a decision
support framework. The proposed framework is aimed at ensuring top management are
presented with all the necessary, un-biased characteristics and performance trends, from
any site within an organisation, coupled with key performance indicators on the proposed
energy performance improvement projects and their associated impact on the
organisation.

The prioritisation tool is a hybrid multi-criteria decision method (MCDM) that combines
different decision-making methodologies: Analytical Hierarchy Process (AHP), Fuzzy
Logic (FL) and Technique for Order of Preference by Similarity to ldeal Solution
(TOPSIS). In this MCDM, the novelty lies on how the organisation’s priorities are
translated into criteria weights (i.e. technical, environmental, financial and social) via
qualitative assessment by top management.

2 Literature Review
2.1 Decision making in companies

Energy related projects are rarely seen as a priority in manufacturing firms [2], leading
to lack of top management involvement, competition for funding with other investments
considered as “more important”, limited financial resources and unstructured decision
making processes [3]. Understanding of the investment decision processes plays a
definitive role in the execution of energy projects. Such processes are composed by a
sequential and dynamic set of decision events which are not always linked to financial
evaluations and depend on diverse context factors that vary from firm to firm. The
approval or refusal of proposals is, therefore, influenced by investment categorisation,
size, culture and complexity of the organisation [4] [5]. Furthermore, internal and external
cultural factors also shape the decision-making processes [6].

Since “profitability plays an important but not decisive role in investment decision-
making” [12], strategic alignment of energy projects requires not only attractive financial
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figures, but also awareness on the connection of energy investments with the
organisation’s core business activities. Such awareness presents top managers with
compelling, informed business cases [3].

In organisations, energy-related decision-making process begins “once the need for an
investment in energy efficiency is identified” [4]. It finishes either with a refusal decision
for the investment proposals or with implementation of the measure designed to address
the initial need. The evaluation and choice of solutions to address the identified need
corresponds to the prioritisation of energy improvement investments required by ISO-
50001 [7]. Companies without a specific category for energy investments may create an
unbalanced competition between them and other investments directly linked with the
firm’s core business. This may lead to negative decision-making outcomes for energy
investments not considered strategic [3].

An approach to present top-management with business case supported by a structured,
unbiased and informed decision-making framework is needed.

2.2 Multi-criteria decision making for energy projects

Multi-criteria decision methods (MCDM) are techniques that aim at facilitating a rational
ranking of alternatives to select the best. MCDM are especially advantageous when using
conflicting criteria, as for example, capital cost of energy generation technologies versus
their contribution to reduce CO; emissions in a manufacturing site.

Large industrial organisations are expected to support a continuous improvement of
energy performance to advance the organisation’s sustainability record. The energy
management system should employ a holistic approach, aligned to sustainability criteria,
to prioritise energy projects. MCDM developed in the field of sustainable energy provide
a suitable reference.

The use of sustainability criteria and MCDM to rank energy projects was covered in detail
by Wang [8]. Wang’s work identified financial, environmental, social and technical
criteria as the preferred set for ranking energy projects. These findings align with the
standard triple bottom line (TBL) approach of sustainability assessments (economic,
environment, society) [9] complementing it with the technical side of the energy project
if needed. Table 1 contains a list of criteria that are frequently used in sustainable energy
oriented MCDM.



20 10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL
PROTECTION (JUNE 27TH—30™, 2017, BLED, SLOVENIA), ENERGY MANAGEMENT AND
PoLICIES
S. Contreras, N. Finnerty, R. Sterling, D. Coakley & M. M. Keane: A Systematic
Decision Support Framework and Prioritization Method for Energy Projects in
Industrial Organisations

Table 1. List of evaluation criteria
Criteria Sub-Criteria
Investment cost — CAPEX
Payback period (Simply / discounted)
Annual O&M cost - OPEX
Equivalent annual cost
Net present value-NPV
Internal rate of return - IRR
Fuel Cost or Electricity cost
Fuel availability, Service life
NOXx emissions, CO emissions
CO; emissions, SO, emissions
Particles emissions
Renewable energy fraction
Volatile hydrocarbons emissions
Land use, Noise
Social (stakeholders) acceptability
Job creation, Future suitability
Social Effect for energy security
Benefited communities/ persons
Safety, Safeguards
Efficiency, Exergy efficiency
Automation grade
Primary energy ratio
Operability, Reliability
Technology maturity
Technology innovation

Economical

Environment

Technical

With regard to the techniques used in energy and sustainability decision-making,
Analytical Hierarchy Process (AHP) is the preferred method [10]. AHP is based on
disaggregation of a problem into several levels to construct a hierarchy that eases problem
solving (see Figure 4). When applied to sustainability problems, an AHP model with two
levels fits the TBL approach. The first level includes the environmental, economic and
social criteria. The second level sub-criteria are those included in Table 1.

By combining AHP with other techniques such as TOPSIS and FL, the resulting hybrid-
MCDM are appropriate for use in complex multi-criteria assessments involving
qualitative criteria, human judgments and uncertainty [11], [12].

TOPSIS is a decision-making technique broadly used due to its simplicity and easy
programmable computation process [11]. It is based on the concept that the best
alternative shall be the closest to a positive ideal solution, and the farthest to a negative
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ideal solution [8], [13].

Fuzzy Logic is a theory that supports MCDM in dealing with human uncertainty of
decision-makers. This theory facilitates MCDM to use qualitative criteria, for which
performance is to be given in linguistic terms rather than numbers (i.e. low or high
performance). It also facilitates the estimation of criteria weights, especially when
combined with AHP [11]. FL translates linguistic evaluations into numerical figures [14].

3 Methodology
3.1 Decision Support Framework

An organisation’s energy strategy should define the targets, roadmap and enablers
required to meet the long-term objectives committed to by an energy policy. Meeting the
targets requires investment. To ensure optimal investment a ‘Decision Support
Framework’ (DSF) is needed to allow top management unbiased visibility to all potential
Energy Efficiency Measures (EEM) from any site [15].

A minimal DSF dataset requires information from both site and corporate level. Site
level data (top-row Figure 3) is tactical in nature and includes the proposed energy
performance measure parameters (i.e. 1MW solar) and site energy performance metrics
(i.e. energy consumption performance history and energy management maturity
assessment). The corporate level data (bottom-row Figure 3) is strategic in nature and
includes the preferred financial funding mechanism (i.e. own capital vs. Power Purchase
Agreements —PPA) and the critical output from a project prioritisation tool.

Current Proposal
Site Performance
Parameters Parameters
DSF bakiabiihich
Corporate Investment Prioritisation
P Model | process output

Figure 3. DSF - Minimal Dataset

The DSF presents a robust overview of all proposed energy projects and their respective
impact at a site and organisation levels. Through this presentation of energy opportunities
to the executive leadership, informed decision-making may take place promoting
increased funding for energy efficient projects across the organisation.

The prioritisation process, as described in next section, is supported by a multi-criteria
decision making method (MCDM).
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3.2 Multi-criteria decision methods

The proposed MCDM is a hybrid approach that combines Fuzzy Logic, AHP and

TOPSIS. 1t is based on previous MCDM [11], [12] and has the following general
characteristics:

e An AHP structure with two levels. Economic, environmental, social and
technical criteria on the 1% level. 14 sub-criteria on the 2™ level.

e Economic and environmental criteria composed by quantitative sub-criteria.

e Social and technical criteria composed by qualitative sub-criteria.

o A criteria weighing method based on AHP linguistic pair-wise comparisons,
FL and extent analysis [16].

e TOPSIS and FL to establish the best solution.

Prioritised Project

I
I
‘ ‘ ‘ ‘ gregation of
Economical Environmental Social Technical performance in
1st level criteria
L -+ Capital L CO2 emissions \g Stakeholders L Operability
inobstment reduction acceptability . Reliabilty
- Intemal Rate - Energy use - Safety of
of Return reduction operations - Future
suitability
- Discounted . Renewable
payback time energy share Aggregation of
+ NetPresent . Reductionin performance in
Value water each set of 2nd
- Reductionin level criteria
waste
generation
[ Set of projects to be ranked }

Figure 4. AHP structure and sets of criteria

Corporate Priorities Estimation|

Top Management & Expert
Criteria Importance evaluation =
selection Fuzzy Logic

AHP’s Linguistic

pairwise comparisons —— | AHP's Chang Numerical
— ’7 among criteria extent analysis criteria

weights
Linguistic I
importance
scale

AHP’s
Hierarchical
Structure l
Projects Performance

Projects
prioritisation

Numerical assessment Numerical

for quantitative criteria I performance TOPSIS
| Linguistic assessment Fuzzy
for qualitative criteria Logic
Projects Linguistic I Projects
Information performance ranking
scale
Figure 5. MCDM flowchart
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The flowchart presented in Figure 5 describes how the MCDM produces a ranking of
energy projects. Qualitative performance assessments are based on subjective opinions
about characteristics of energy projects and the technologies involved. Evaluators are
provided with the following linguistic performance scale: very low, low, medium, high,
very high. The evaluations are then translated into numerical assessments using FL for
triangular fuzzy sets (TFN), see Figure 6.

VL L M H VH
1.0R--"""""" R "TTTTTTATTTTTTTTATTTTTTTC .
i VL:@eryAow
| L:EFflow
0.5 E M:EMedium
i H:@FHigh
| VH:®/eryhigh
0.0 :
0.0 0.3 0.5 0.7 1.0

Figure 6. Linguistic performance scale and associated TFN sets [11], [12]

Criteria weights estimation is carried out by AHP pairwise comparisons. This step
requires to elucidate the n’s priorities when appraising energy projects. As indicated in
Figure 5, opinions from the organisation’s top managers and experts are used to
understand those priorities and translate them into criteria weights. Nonetheless, inherent
vagueness is expected in this process. To deal with that uncertainty, the novel MCDM
proposed in this research work, requires managers and experts to complete two tasks.
First, to judge whether criteria X (i.e. environmental) is more important than criteria Y
(i.e. economical) within their organisation. And second, to use a linguistic importance
scale to grade the relative importance of the more important criteria over the another (i.e.
strongly more important). The linguistic importance scale is provided in Figure 7.

El WMI SMmi VSMI AMI
1.0{----mmm e ) N
0.5
0.0
0.0 1/2 1 3/2 2 5/2 3 7/2
El:R Equally@mportant;@ VSMI:B Very@tronglyPMore@mportant;?

WMI:B  Weakly@More@mportant;Z ~ AMI:E  Absolutely@More@mportant
SMI:R StronglyEMore@mportant;2

Figure 7. Linguistic importance scale and associated TFN sets [14].
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Estimation of the numerical criteria weights is carried out using Chang’s Extent Analysis
for fuzzy-AHP [5] and the TFN shown in Figure 7.

Final project prioritisation is carried out by the TOPSIS component of the MCDM. It
employs the numerical performances of all projects and aggregates them in accordance
with the AHP structure and criteria weights. TOPSIS ranks the set of projects based on
their geometric distances from the Positive Ideal Solution and the Negative Ideal Solution
of the decision-making problem. The MCDM assigns a score of 100% to the top ranked
project, because it is the closest project to the ideal solution. The rest of the projects are
assigned proportional scores depending on their closeness to the best project. For
instance, the score for the bottom ranked project is 0%.

4 Case Study

As part of the development and deployment of a global energy management system [15],
the DSF and associated MCDM described in Section 3 have been implemented to assist
the investment decision for five energy projects in five different manufacturing sites in
Boston Scientific Corporation (BSC). BSC is a non-energy intensive multi-national
manufacturing corporation. For BSC, the DSF serves two mutually exclusive target
audiences:

o Clear presentation of energy opportunities to the executive leadership;
¢ Normalized benchmark performance for the site energy manager.

4.1 MCDM application

Criteria weighing: The criteria weights were estimated using FL to transform the
linguistic pairwise comparisons carried out by the appropriate top managers and experts
in each discipline within the organisation. The estimated weights for first and second
level criteria are reported in Table 2.
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Table 2. Criteria weights

Descript | Weight | Description Weight
ion % %
Initial Capital 18
Investment
Economi 31 Net Present Value 47
c Internal Return Ratio 18
Discounted Payback 18
Time
Cco2 Emissions 29
Reduction
Energy Consumption 29
Reduction
Environ Renewable  Energy 26
34
mental Share
Water Consumption 1
Reduction
Waste Generation 14
Reduction
Safety of Operation 68
Social 9 Stakeholder's 32
Acceptability
. Operability 34
;e"h”'c 26 | Reliability 56
Future Suitability 10

Table 2 indicates that environmental performance is the priority when ranking energy
projects at BSC. The economic criteria are the second priority, followed closely by the
technical criteria.

Projects: The MCDM was applied to prioritise five energy investment opportunities BSC.
The set of projects comprises a Tri-generation System (P1) for Site 1; a new Combined
Heat & Power plant (P2) for Site 2; an Ice Storage System (P3) for Site 3; a Chillers’
Upgrade project (P4) for Site 4; and a Solar PV System (P5) for Site 5.

The evaluation matrix: Information for the five projects per the criteria listed in Table 2
is presented in the evaluation matrix Table 3. Performances for quantitative and
qualitative criteria are numerically and linguistically expressed respectively.

Project prioritisation: The prioritisation outcome is shown in Table 4. It depicts the
project ‘P5’ as the top ranked, followed by project ‘P2’, which offers only half the rating
than ‘P5’. The output of the MCDM provides an unbiased ranking for the available
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investment opportunities based on the priorities of the organisation as defined by the
criteria weighting. This score is the input into the DSF (Figure 1).

Table 3. Decision-making matrix

First Second Level Criteria P1 P2 P3 P4 P5
Level Attri [Description Sitel |Site2| Site3 | Site4 | Site5
Criteria |bute
Cost |Initial Capital| $2,575,0| $1,34 |$1,250, | $800,000 | $0
Investment ($) 00 6,000 | 000
Bene |Net Present Value (S) [$841,000| $1,90 ($609,62| $996,000 | $900,0
Economic fit _ 0,000 7 00
Bene |Internal Return Ratio| 19 45 23 40.0 100
fit (%)
Cost |Discounted  Payback| 3.9 2.1 3.6 2.7 0.0
Time (yr.)
Bene |CO; Emissions| 1.9 15 0.0 0.5 0.6
fit  |Reduction (%)
Bene |[Energy Consumption| 1.9 13 0.6 0.4 0.2
fit  |Reduction (%)
Environ |Bene |Renewable Energy| 0.0 0.0 0.0 0.0 37.0
mental  [fit  |Share Increment (%)
Bene (Water  Consumption| 0.0 0.0 0.0 0.0 0.0
fit  |Reduction (%)
Bene |Waste Generation| 0.0 0.0 0.0 0.0 0.0
fit  |Reduction (%)
Bene |Safety of Operation High | High | High High Very
Social fit - - High
Bene |Stakeholder's Very | Very | Mediu High Very
fit  |Acceptability High | High m High
Bene |Operability High | High | High High Very
fit High
Technical ]Ic3i:>ne Reliability High | High | High High High
Bene |Future Suitability Medium [Mediu| Very | Medium | Very
fit m High High

4.2 DSF results

The DSF application results is shown in Table 4.
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The proposed DSF approach and its implementation at BSC resulted in four projects
being funded in 2016. This is attributable, among other elements, to the improved
decision-making process for energy projects enabled by the DSF.

Table 4. DSF dataset?

Current
1= Performance 1<
= g SE|>x= = § GE)
3, 2% |63|28 |5 8|88
ey O = = —
£ | 22 |33|85EBs|222182e
P1 |Owncapital] 3 134 2.4 $2,575,0
(30%) 0
P2 |Owncapital] 2 128 2.2 $1,346,0
(50%) 00
P3 |Owncapital| 4 97 2.2 $1,250,0
(20%) 00
P4 |Owncapital| 5 78 2.1 | $800,000
(0%)
P5 |PPA 1 78 2.1 $0
(100%
)
5 Conclusions

The aim of the DSF is to present top management with an easy to understand yet
comprehensive data-set of necessary, unbiased, information from proposed energy
conservation measures to aid in the decision-making process. From the global energy
manager perspective, the DSF is a condensed, repeatable, and effective template to
request approval for funding, while for the executive leadership, it constitutes an
understandable, fact based approach to reach informed decisions enabling optimal
investment across the organisation.

The role of the DSF is not to eradicate the need for expert knowledge in project selection.
It is important to note that the MCDM score does not necessary determine the order for
funding. For example, the decision may conclude that the strategic need to improve the
performance of one site out-weights the importance placed on the MCDM output for each
individual project. In fact, the driver for capital investment may be to bring all sites to an
acceptable level of performance and subsequently generate a list of projects to be
implemented. This enables energy to become an asset that is maintained and invested in
to ensure optimum running costs across the network. With a site only approach this is
non-existent.
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The outputs of the MCDM are twofold. On the one hand, it elucidates the relative
priorities given by the organisation to the environmental, economic, social and technical
dimensions of energy improvement projects. On the other hand, it provides an objective
prioritisation guide for resource allocation. Regarding the corporation’s priorities, as per
results shown in Table 2, this reveals that a project’s contribution to improve the
environmental footprint and business continuity have higher priority than financial
benefits within this organisation. This outcome is aligned with results from empirical
works on investment decisions for energy efficiency projects.
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Notes

1 As suggested by previous literature, a company can be considered as non-energy intensive if its
energy costs are less than 2% of its turnover or are less than 5% of its production costs [6], [17].

2 The energy and maturity indicators are outside the scope of this paper, the interested reader is
referred to [15].
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1 Introduction

There are various management system standards, such as 1SO 9001 (quality
management), 1SO 14001 (environmental management), ISO 22000 (food safety), and
ISO/IEC 27001 (information security), which complement each other while an exery
management system standard has been recently proposed by Hepbasli [1]. In particular,
ISO 50001 (or BS EN 16001) follows the plan-do-check-act (PDCA) process for
continual improvement of the energy management system [2]. These similar or common
characteristics enable organizations to integrate exergy management with their overall
efforts to improve quality, energy, environmental management and other challenges
addressed by their management systems.

ISO 50001 is the international energy management system standard (EnMSS) issued in
June 2011. The main objective of this standard is to focus on the continual improvement
of energy performance, which covers the essential key items such as energy use, energy
consumption, energy efficiency, and energy intensity.

A prescriptive step by step approach to implement an energy management system will
help an organization perform the required tasks through effective resource allocation. The
ISO 50001:2011 International Standard is a voluntary global management system
standard and does specify mandatory requirements for an EnMS such as an energy policy,
energy objectives, energy targets and action plans on significant energy uses [3], [4]. The
ISO 50001 is a standalone standard and can be adopted regardless of any management
systems (e.g. ISO 9001, 14001) that already exist. Depending on the size of any
institution, it may be a separate standard or an integrated part of existing management
system standards.

As far as some universities achieved the 1SO 50001 standard are concerned, University
College Cork (UCC) in Ireland has become the first third level institution worldwide to
achieve the 1SO 50001 standard in 2011, and is committed to continuous energy
performance improvement to enhance the environment of the university community in
which they work, teach and carry out research [5]. Singapore Management University
(SMU) became the first public-funded, autonomous university in Singapore to achieve
certification to the 1SO 50001 EnMSS in 2013 [6]. Keele University, one of the first
universities in the UK, achieved the ISO 50001 standard. The University’s EnMS
currently covers a combination of academic buildings, classrooms, lecture theatre,
restaurant/cafe, teaching labs, kitchens and the estates activities for the academic and
encompasses the work environments of approximately 1650 staff and 10000 students [7].
The University of Reading has become one of just a handful of universities in the UK to
achieve certification to the 1SO 50001 standard in 2015 [8]. Sheffield Hallam University
also received the ISO certification and addresses a range of sustainability topics and
issues such as energy management, engineering and environmental studies [9]. Turkish
Standards Institution (abbreviated as TSE in Turkish) certified Yasar University’s EnMS
to TS EN ISO 50001:2011 (TS is the abbreviation of Turkish Standard) on 5 January



10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL 33
PROTECTION (JUNE 27TH—30™, 2017, BLED, SLOVENIA), ENERGY MANAGEMENT AND
PoLicies
H. Sekerci, N. Yildirim & A. Hepbasli: Energy Management System Standard
Implementation at Yasar University in Izmir, Turkey: From Iso 50001 to Practice

2016 [10]. One can conclude that up to date, the ISO 50001 standard has been applied
mostly to industrial sector organizations and companies [4] while the number of
universities achieved the 1SO 50001 EnMSS s relatively very low.

The main objectives of this contribution are to (i) briefly present the EnMS structure of
Yasar University, which was established in 2000 in Izmir, Turkey, (ii) explain some
studies implemented within the framework of the 1SO 50001 certification, and (iii) give
some assessment values by focusing on the significant energy uses (SEUS), the energy
baseline and energy performance indicators (EnPIs) in the planning part of the EnMSS.

2 A Brief Outlook on Energy Management System Standard

1SO 50001 is based on the PDCA continual improvement framework like 1ISO 9001 and
ISO 14001. Figure 1 characterized by the authors shows the 1SO 50001:2011 EnMS
model based on the PDCA approach. As can be seen in the figure, this standard is depicted
with four main steps as follows [3], [11]:

Plan: conducting the energy review and establishing the baseline, the EnPls, objectives,
targets and action plans necessary to deliver results in accordance with opportunities for
improving the energy performance and the organization’s energy policy.

Do: implementing the energy management action plans.

Check: monitoring and measuring processes and the key characteristics of its operations
that determine energy performance against the energy policy and objectives and report
the results.

Act: taking the necessary actions to continually improve energy performance and the
EnMS.
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Figure 1. The 1SO 50001:2011 EnMS Model
3 An Application of Yasar University
3.1 Boundaries and scope
EnMS covers the education and dormitory services belonging to Yasar University,
located in Selcuk Yasar Campus and Yasar University Dormitory. Some enterprises
(dining hall, cafeteria and copy center), which are located in Selcuk Yasar Campus and
renders of Yasar University, are out of scope. Transportation activities are also left out of
scope.
3.2 Composing an energy policy
Yasar University’s energy policy has been composed as follows [12]:
As Yasar University, we are committed to continuously improving our energy

performance in all our activities with an awareness of carrying the responsibility for the
energy management system.
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In order to achieve the above-mentioned objective, we will make every effort to:
Reduce energy and water usage in all our activities;

Raise cultural awareness about energy efficiency in our university by continuously
organizing trainings/seminars;

Continuously monitor and report our energy consumption targets by defining them;
Perform regular energy efficiency audits for defining energy efficiency improvement
areas;

Follow up updated legal statutes related to energy and water usage, and meet their
requirements;

Include energy performance improvements in the design stages of projects;
Purchase and effectively utilize energy-efficient products and services.

3.3 Appointing the management representative

Energy Efficiency and Management Coordination Committee (EnEMCC) was formed on
16 December 2016, as shown in Figure 2.

Energy Management Team
System Management Assistant to Management
Representative Representative
Directorate of P
Financial Affairs
Technical Management Other Energy
Directorate of Representative WManagers
Rector Media Relations (Energy Manager) nd
—l TS EN 150 50001 Directorate of Technical
.|  Top Management Services
Representative
Operational ‘ I |
Efficiency Manager Directorate of Directorate of Directorate of
(Vasar Holding) Human Resources IT Center Student Dormitory
Directorate Directorate Directorate of Directorate Head of Students
of of Media Public Relations of Student Aszociztion En Eff &
Purchasing Center & Marketing Affairs MMznagement

Figure 2. An Organizational Structure of the EnEMCC

In this regard, a top management representative, a technical management representative,
a system management representative and an assistant to the system management
representative were appointed. At Yasar University, there are 6 certified energy
managers, of whom one acts the energy manager of the university.
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According to a regulation in Turkey, if yearly (annual) energy consumption exceeds the
following cut off limits, an energy manager should be appointed or designated:

1000 tons of oil equivalent) TOE in industrial enterprises; 500 TOE or a construction are
of 20 000 m?in buildings, and 250 TOE in public enterprises. The annual TOE value for
Yasar university is lower than this limit of 500 TOE (being about 360 TOE -student hostel
17 TOE & campus 343 TOE- in the year 2016), but the construction surface area is larger
than this limit of 20000 m? (campus 47547 m? & student hostel 9690 m2), at least one
energy manager should be appointed. Figure 3 illustrates a picture of the energy
management team, consisting of a total of 13 people from various disciplines such as
mechanical, electrical-electronics, civil, of whom 6 are certified energy managers, 1 top
management representative and the remainder from technical services department
including the manager and technicians.

y : :
‘( SPEE BT

-ﬁgure 3. A Picture of the Energy Management Team

3.4 Energy planning

Energy planning consists of mainly three sections, namely planning inputs, energy review
and planning outputs. Past and present energy uses along with relevant variables effecting
the SEUs are inputs to the energy planning while energy baseline, EnPls, energy
objectives, energy targets and action plans fall into the outputs of the planning process.
In this study, the SEUSs, the baseline and EnPls are considered as follows:

3.4.1 Significant energy uses (SEUs)

The criterion used for selecting energy uses as significant depends on the method applied.
In this context, there are various approaches (e.g., energy balance, ranking, Pareto,
fishbone diagram or identifying energy opportunities) to determining the SEUs in any
enterprises. In this study, we selected the energy balance method. The criterion we used
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was a percentage of the total energy consumption and the top three ranked energy uses
after lighting and miscellaneous electrical usage were selected to be SEUSs, as indicated
in Table 1 where chillers, the boiler and air handling units are SEUSs.

Table 1. Energy Balance Results for SEUs.

Description | Size ‘ Unit |Op. Hour‘ Load‘ kWh ‘ M) ‘ % Total
Electrical Usage
Air handling units 64.6] kW 8640, 0.9/502,330| 1,808,387 14.8%
Cooling tower 7.5 kw 4320/ 0.8 25,920 93,312 0.8%
Chiller 216 kw 4320/ 0.8746,496| 2,687,386 21.9%
Circulation pumps 57.35| kw 8640 0.6/297,302| 1,070,289 8.7%
Fire pumps 150| kw 100 0.5/ 7,500 27,000 0.2%
Sport center electrical
boiler 35| kW 4320/ 0.5 75,600 272,160 2.2%
Lighting and misc.
electrical usage 5,108,896| 41.7%
Natural Gas Usage
Boiler 500/ kw | 727]  0.9[327,000] 1,177,200  9.6%

12,244,628| 100.0%

Enterprise Annual Energy Usage
Source Usage Units
Natural gas 1,177,200 M)
Electricity 11,067,428 MJ
Combined MJ 12,244,628 MJ

3.4.2  Energy baseline

The purpose of the energy baseline is to develop a starting point for measuring energy
performance improvements [14]. In the literature there are different ways. In some cases,
this can be a very complex subject, but the process can be simplified through the selection
of the appropriate method.

In this regard, we used the driving factors, which have been established earlier to predict
the amount of energy that should have been used and to compare it with what has actually
been achieved, as recommended in Ref. [13]. The monthly heating and cooling degree-
days are calculated by using measured hourly outside air temperatures in Yasar
University for the year of 2015 and 2016. The design indoor temperature is taken as 22°C
for winter and 26°C for summer to calculate degree-days. The baseline was established
to be the best fit straight line on the regression chart of driver against energy use, as
indicated in Figure 4. As performance improves, this line will move downwards. As it
can be seen from Figure 4, the best fit straight line is y = 0.7869x + 249.67 for 2015 and
y=0.771x+244.79 for 2016. These show that the weather—dependent consumption per
degree-day is 786.9 kwWh and 771 kWh for the year of 2015 and 2016, respectively.
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Figure 4. Establishing the Baseline

3.4.3  Energy performance indicators

The purpose of this activity is to identify a small number of indicators of energy
performance which will help any enterprises to be confident that performance targets are
being met and if not to alert any enterprises of any problems at an early stage [13].
There are also some factors, such as weather (e.g., temperature, dew point, relative
humidity, and wind speed), operations (operating hours, operating days, operating shifts,
seasonal variations, which affect EnPls. In developing the EnPls, relevant factors should
be considered, as also stated in Ref. [14].

Various EnPlIs used for assessing the performance of buildings are reviewed in Ref. [15].
The most commonly used energy benchmark is the simplified Energy Use intensity or
Index (EUI) in kWh/m?, which accounts for only one building feature that affects energy
consumption.In this study, we used three different EnPls. The first two ones are related
to the EUI, as indicated in Figures 5 and 6.
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Figure 6. Energy Use Index per Degree-Day

The monthly EUI is in the range of 3.4-11.3 kWh per m?, while the range of EUI per
degree-day is 1353.4-5092.6 kWh.

The third is the normalised performance indicator (EnNPI), defined as the annual
consumption per m? of floor area, normalised for weather, exposure, and hours of use.
The annual electrical energy and natural gas usage in 2016 is 3921030.5 kWh and 91840
m3, respectively. The EnNPI for the year of 2016 is calculated as 85.2 kWh/m? with total
57237 m? building area and 4874084.5 kWh energy usage, while it is calculated as 87.5
kWh/m? for 2015.

35 Some awareness activities

The following activities have been made during implementing the EnMS studies to
increase energy awareness among staff and greater participation:
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e Awareness training for staff (from top management to the employees and
students) on the importance of energy management and energy cost reduction
has been included.

e Energy suggestion boxes (cubes) have been established to encourage the
campus community to voice suggestions and concerns about energy usage and
energy efficiency improvements [16].

e An orienteering event was organized. Students were given a specially
prepared orienteering map, which they used to find control points, where
energy efficiency-related questions were included.

¢ Students Association of Energy Efficiency and Management has been formed
to motivate and encourage students to be aware of Yasar University’s
commitment to improved energy performance.

e Two courses, namely energy management and efficiency (mandatory for
energy systems engineering students and elective for electrical-electronics
engineering students), and EnMSSs (elective for all engineering students) have
been offered to engineering students. The course EnMSSs has been delivered
at Yasar University for the first time in the country.

4 Concluding remarks

One of the ways of maintaining sustainable development is to use energy efficiently. In
this regard, establishing energy management systems in all institutions play an essential
role because EnMS could offer many advantages, such as reductions in energy
consumptions, energy costs and environmental impacts, improvement of corporate
image.

We may list some main conclusions as follows:

a) University College Cork (UCC) in Ireland is World’s First University to get
ISO 50001 in 2011 while Yasar University achieved TS EN 1SO 50001:2011
Certification for the first time in Turkey.

b) The majority of the enterprises achieved the ISO 50001:2011 certification
come from industrial sectors while the number of universities received 1SO
50001:2011 certificate is relatively very low.

c) Yasar University got the certificate in a period of 15 months without having
any other management system standards, indicating the success of the
university. The certificate is valid for 3 years, requiring an audit of the Turkish
Standards Institution every year. In this regard, the first audit in December
2016 was successfully reported.

d) Considering that all roads lead to Rome, since all management standards
follow the PDCA process for continual improvement of the performance, 1SO
50001 can easily be integrated with other existing management system
standards depending on the size of the university.
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e) Some exergy-based preliminary studies proposed in Ref. [15] have also been
implemented at Yasar University. In this regard, it is recommended that some
exergetic indicators for buildings be used.

f) The total annual energy usage is 4855255.9 kWh and 4805053.8 kWh for the
year 2015 and 2016, respectively.

g) The EUIs are determined as 84.8 kwh/m? and 2055 kWh/degree-day for 2015
and 83.9 kwh/m? and 1985.7 kWh/degree-day for 2016 with total 57237 m?
building area.

h) The annual degree-days (including heating and cooling) are calculated 2362.6
and 2418.3 for 2015 and 2016 with the design indoor temperature of 22°C for
winter and 26 °C for summer, respectively.

i) The EnNPIs are determined as 87.5 kWh/m? for 2015 and 85.2 kWh/m? for
2016.
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1 Introduction

In general, there is a consensus that natural gas combustion generates lower global
warming emission compared with other fossil fuels and it’s considered as a relative clean

burning fossil fuel. [1], [2]

Furthermore the limited resources of natural gas must be addressed to understand the
limitation in developing energy systems based on this type of fuel. Around the world, the
highest reserves are concentrated in Russia, Middle East (Iran, Qatar, Saudi Arabia, Iraq)
and America (U.S.A, Venezuela, Canada). [3] This paper will not address any other types
of fossil fuels, like coal, as there are many discussions on the market around the impact
of these fuels and a general acceptance about the need to transition towards renewable
energy, as per most recent Paris Agreement from 2015, also known as 21% yearly session
of the Conference of the Parties (COP21).

The importance of challenging the natural gas usage is due to the limited reserves and
geopolitics crisis that puts in a vulnerable position the countries that are dependent of
imports. The residential sector represents the most vulnerable type of energy consumer
from an energy security point of view. For residential sector the main usage of natural
gas is for heating and cooking. A more recent event that affected a country dependent of
natural gas imports from Russia is Ukraine. During winter period Russia has stopped gas
deliveries to Ukraine putting the country in a difficult position. [4] Ukraine had national
storage reserves to cover the demand but this example should be a lesson learned and
countries should prepare to develop alternative solutions to energy imports.

2 Research and Results

The paper addresses the Romanian energy system due to its particularities of being almost
completely reliant on national resources for natural gas. Although the current situation is
very fortunate, the medium term estimations indicate the need for a different approach.

In order to proper develop a medium and long term energy scenario to promote renewable
electricity shifts in Romania, the paper address further the energy profile, resource
availability, climate profile and price differences for natural gas and electricity.

2.1 Energy profile and resource availability
In Romania, for 2015, natural gas consumption was assured from internal resources in

percentage of 98.4% and the rest was represented by import as showed in figure 1. The
independence degree for coal was 80.4% and for oil was 37.6%.
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Figure 1. Romania energy independence degree

In 2015, the biggest consumer in the energy system was the residential sector 33.7%;
followed by industry 29.6%, transport 25.5% and other 11.2% as represented in figure 2.
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Figure 2. Final energy consumption by sector [14]

The national reserves of natural gas [5] were estimated to be sufficient for 15 years based
on the yearly average production of 12.5 thousand tonnes.

In 2016, the Romanian Energy Minister finalised to update the current state for energy
system [6] and based on a yearly average production of 11 billion cubic meters with a 5
% reduction of the reserves and 80% replacement rate of the natural gas reserves, it is
estimated that this will be exhausted in 14 years.

Under the assumption that no new reserves will be discovered and exploited inside
country territories, it is expected that Romania will have to find other natural gas sources
around 2030 as shown in the figure 3.
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Figure 3. Romanian natural gas reserves evolution modelled with a linear trend line

The estimation model used is a linear regression line and, based on the value of the
correlation coefficient R? above 0.99, the results are most reliable. The evolution is based
on the assumption that no major events will occur in the next years.

World Energy Council, that is UN accredited, includes energy statistic for Romania, and,
based on 2016 figures, indicates gas recoverable reserves of 99 [Mtoe] and, an annual
production of 9.27 [Mtoe] which can indicate that if the trend is maintain then, in less
than 10 years, Romania will exhaust the resources. [7]

In Romania, primary energy resources in 2015 were based on oil 28%, natural gas 26%,
coal 14%, hydro, nuclear and import electricity 13% and other types 18%. [8] Based on
the available data for the last 10 years, the first two most important resources were oil
and natural gas representing more than 50% of the primary energy resources.
Corroborated with the evolution of the availability, Romania must find alternative
solution to ensure energy security for long term.

2.2 Country climate profile

Climate in Romania is temperate-continental with moderate features, with four seasons
from which: winters are quite cold with average below -15°C and, summers are very
warm to hot and temperatures can go above +35°C. [9] The changes observed in Romania
indicates an increase of yearly average of +0.5 °C from 8.8 °C for 1961 - 1990 period to
9.3°C for 1981 — 2014 period. [10]

If this trend continues then it is expected further raise in Romania’s temperature with
impact on country’s climate. Increase frequency for extreme meteorological events and
warmer winter season will have an impact on yearly energy demand and will change the
consumption behaviour.

Climate profile for winter season indicates the importance of energy resources
availability for heating to ensure the health and safety of the residential sector but not
limited at.
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2.3 Natural gas and electricity prices

The main usage of energy for households is represented by heating due to cold winters.
One main factor in choosing the energy supply type is represented by commodity price.
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Figure 4. Households’ electricity prices compared with natural gas prices for Romania
(excluding taxes and levies, S1 and S2 represents the semesters)

The difference between electricity price and natural gas price is represented in figure 4.
The electricity prices are circa five times higher compared with natural gas.

However, this discrepancy is looking different if contractual prices are being compared
and, in average, the electricity prices are three times higher than natural gas prices. The
analysis was done on the two biggest companies (based on market share) from Romania
by looking at their offers for households in 2017. [11] [12]

Analysis of the electricity and natural gas prices is not that simple as there are other
factors to be considered when comparing the cost of using natural gas or electricity for
households and, one of that is the efficiency of heating systems.

In average, for a 2 bedroom apartment, medium insulation, with a surface of circa 55 m?,
during cold season it is estimate a monthly consumption of circa 3165 kWh (300 cubic
meter, based on ANRE statement) [13] for heating with natural gas and, circa 836 kWh
[14] for heating with electricity. Using the average prices from the two biggest energy
companies from Romania, the cost of heating with electricity is lower with circa 10%.
This result supports the declaration of Mr. Nicolae Havrilet, the president of Romanian
Energy Regulatory Authority (A.N.R.E.) when he stated that heating with electricity is
with circa 50 lei (circa 10.1 euros) below natural gas cost per month during winter period.
This estimations are average and the reality may show different results based on each
consumer’s profile and the efficiency of buildings.

Thinking on a long term, Naiping Zhu et al. research mentions a study by Shawkat et al.
(2015) in which the correlation between natural gas, other energy prices, electricity prices
and carbon emissions indicates that there is symmetrical effect between carbon gas and
electricity prices, a negative correlation between natural gas prices and carbon prices and
a positive correlation between electricity prices and carbon prices. [15]
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D. Hulshof et al. research indicates that if the problems regarding international trade in
electricity markets are solved, then a negative impact on the gas demand will affect the
prices, as the gas-fired power plants will be switched off to allow an increase in the supply
of renewable electricity. [16]

2.4 Horizon 2050 — proposed scenario

European Union and Romania, as member country, promotes through the document
‘Energy Roadmap 2050’ [17] a future in which the greenhouse gas emission are reduce
by 80-95% by 2050. In order to achieve this target, the energy system needs to go through
a transformation and rely on emission free production.

In 2015, renewable resources had represented 40.1% of gross electricity generation and
18.4% of the gross inland consumption. Starting with 2010, the renewable electricity
generation capacity increased substantially due to investment schema supported by the
government through legislation. The main generation capacity increased in 2015
compared with 2010 by: 256 MW for hydro, 2741 MW for wind and 1326 for solar PV.
[18]

The political uncertainties are a constant factor that reminds that a country should prepare
to be energetic independent and ensure people’s well-being, secure, sustainable and
affordable energy.

Considering a time Horizon of 2050, the proposal for a long term scenario is to transform
the energy system by transitioning from natural gas consumption into renewable
electricity consumption.

The scenario is based on two types of customers, figure 5: households and industry. The
households customer are considered in two categories based on the volume of gas
consumed: below 500 cubic meters per year will represents customers that are using
natural gas for cooking; above 500 cubic meters per year represents customers that are
using natural gas for cooking and heating.

2017 2018 2013 2020- 2029 2030- 2039

Framework
Legishative | |(Re
framewark

idalines)

Heusehalds

Figure 5. Romanian energy system transition roadhép 2050
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The transition is planned per timeframes as follows:

e Present until 2020: preparatiobn phase to align legilative framework and
engage society

e 2020 - 2030: transiton of consumers below 500 cubic meters per year, starting
with new constructions and then the existing consumers.

e 2025 — 2040: transition of consumers above 500 cubic meter per year. Before
transition starts there will a preparation phase.

e 2040 — onwards: transition phase for industry with the preparation phase
before in which a planning per type of activity will be developed.

The scenario starts with residential consumers due to their vulnerability associated with
any type of crisis that may impact resource availability.

A long time scenario and planning offers a timeframe in which, once the natural gas
demand will decrease and, the electricity demand increases, the necessary generation
capacity will be developed and integrated in an improved and modernized national grid
system.

In Europe are similar types of examples and, one is Denmark with its objectives to supply
100% of its electricity mix from renewable energy by 2050. [19]

Sweden offers another example by its strategy to phase out natural gas in transportation
and replace it with biogas by 2030. [20]

The transition towards electricity consumption will increase the electricity supply which
shall lead to a reduction of prices but an increase in renewable generation capacity
investments.

This type of scenario requires long terms commitment for investment and effort from the
society and political cycles.

3 Conclusions

Transformation of a society it is not a fast process and radical changes should be debated
atall levels and beyond political cycles. Long term changes should start with transparency
and access to information. Education represents a high influential factor especially for
environmental causes and climate change impact.

The paper addresses three influential factors but the discussion should go beyond. Society
needs to be informed about resource availability and should be part of the decision
making about the future of energy.



50 10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL
PROTECTION (JUNE 27TH—30™, 2017, BLED, SLOVENIA), ENERGY MANAGEMENT AND
PoLicies
C. Tarean: Long Term Energy Strategy Scenario to Promote ‘Green’ Electricity Against
Natural Gas Consumption

The analysis concluded that natural gas reserves will be exhausted by 2030 if no new
sites are discovered and if the demand remains on the same trend. The yearly average
temperature increased and this might have an impact of warmer winter period. The price
comparison indicated that electricity is much expensive than natural gas but, based on the
system efficiency, electricity heating is slightly cheaper that solutions based on natural
gas, although this might be different based on the profile of each consumer.

In order to lower greenhouse gas emission, it is proposed to support investments in
renewable energy that, in addition will provide energy security and energy independence
on a long term.

One of the biggest benefits by switching to electric houses is the access to smart
technology and innovation and the possibility of control by end user. For natural gas this
option is restricted due to security challenges. The benefits of smart technologies will
need to be further address as more and more smart meters will be installed.

In the end, long term planning represents a big challenge for society as most of the time
the benefits will be for future generations based on the effort of current ones. A good
understanding and engagement is essential for the success of long term strategies.
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Abstract A comprehensive renewable energies management strategy is
proposed for Iran considering various technical, economic, social and
environmental variables. Accordingly, hybrid solar/wind/biofuel systems
are optimally designed at each Iranian meteorological site to meet the local
power demand. Having obtained the electrical share of each renewable
source under optimal conditions, eight other variables are obtained
including net present costs, population density, air pollution,
unemployment rate, land use and price, population, and industrial
development factor to set up a data base for techno-econo-socio-
environmental multivariate analysis (TESEMA). Principal components
analysis is done to reduce the variability dimensions and hierarchical and
non-hierarchical clustering are performed to classify the case study with
regard to the sustainability variables. The results showed that together, the
first three and five principal components represent 66.1% and 81.4%,
respectively, of the total variability while Iran can be effectively classified
in five clusters with respect to the TESEMA results.
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1 Introduction

Sustainable development is undoubtedly the main global concern in the modern world
which is significantly endangered by resources depletion and environmental situation
degradation [1]. A holistic sustainable plan can be achieved if and only if all involved
aspects are considered and probable threats are predicted. Such a concise plan requires
considerable scientific efforts especially in the case of developing countries. Thus, many
researchers have concentrated on the problem in the recent years and promising
progresses have been made in various fields of concern.

Soflaei et al. [2] studied two ancient civilizations, China and Iran, to investigate the
potential of traditional courtyard houses in responding to environmental challenges. Their
review extracted useful socio-environmental and socio-cultural lessons from the past
architectural principles. However, economic aspects were not included. Compton and
Rezaei [3] performed and enviro-exergy sustainability analysis in the USA. Their
analysis results revealed that biofuel is preferred compared to the natural gas from both
economic and environmental viewpoints. The interest in biomass as a sustainable
replacement of the conventional fossil fuels have been increased in the recent years. The
main reasons can be described as high global warming potential of methane and the
advances in more economic utilization of the sources [4]. However, other researchers
focused on the social and economic issues as sustainability parameters rather than the
renewable energy sources. From this point of the view green energies are assumed to be
zero carbon emission sources [5]. However, zero emissions during the plant operation
does not mean an absolute non-carbon system considering a cradle-to-grave assessment
of the power generation systems. Hence, confident environmental results could be
obtained as a full life cycle assessment is conducted. In this way, Evans et al. [6] proposed
several sustainability indicators for renewable and non-renewable energy sources
considering greenhouse gas emissions, land requirements, the cost of electricity, water
consumption and other social impacts.

Similar studies have been done in Iran since the sustainable growth is under question in
the energy-intensive country. The researchers have mentioned energy security, water
scarcity, policies, and risks in Iran but a comprehensive study proposing a management
strategy has not been published yet [7]. On the other hand, the assessment approaches
have been devoted to a solo-resource such as wind power and a hybrid assessment
approach considering the renewable sources potential simultaneously is scarce [8].

Having reviewed the literature, energy-based sustainable growth has been widely studied
but a comprehensive study analysing all technical, economic, social, and environmental
variables has not been published to the knowledge of the authors.

The aim of the current paper is to study the hybrid solar/wind/biofuel energy potential in
Iran considering effective technical, economic, social, and environmental variables.
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Thus, techno-econo-socio-environmental multivariate analysis (TESEMA) is detailed for
Iran using multivariate statistical techniques. The paper consists of four major parts. In
the first part, the case study is briefly introduced. In the second part, the simulation
approach is detailed. In the third part the required variables and analysis are explained
and in the fourth part the TESEMA application results are discussed.

2 Materials and Methods
TESEMA is detailed and verified in Iran in the following sections.
2.1 Case study background

Iran is the 18" largest country in the world which holds approximately 17% of the global
natural gas reserves [9]. Since 97% of domestic energy demand is met using the fossil
fuels and the rest by the hydro power, the country has faced serious environmental
hazards [10]. On the other hand the energy demand is considerably high in Iran so that
the energy consumption per capita is 10 times higher than that of the European Union
[11]. Thus, the government is determined in renewable energy harnessing for which a
strategy plan is required.

The political division of Iran and the representative sites in the current study are shown
in Figure 1. According to the figure, thirty sites are selected and the required hourly
temperature, global horizontal radiation, and wind speed are obtained from the
corresponding meteorological stations.

Legend &U_/V Vool

[ Provincial Baunderies

Figure 1. Representative meteorological sites location in Iran
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The geographical locations of the sites are given in Table 1. The required solar and wind
data are detailed in refs. [12] and [8], respectively. The amount of biogas is obtained for
a 200 people community as detailed in ref. [13].

Table 1. Representative sites coordinates

No. |Site Province Location Elev.
1 |Taleghan Alborz ggﬁzﬁ 1,842
2 |Namin Ardabil ggg;oN B, 1,425
3 |Bardkhoon Bushehr g%ggoN B, 14
4 |Bonab iisetr-baijan gsggN = 1,286
5 |Abade Fars giggoN B, 2,030
6 |Marvdasht fars ggggoN B, 2,170
7 |Langrood Gilan ggggON E -17
8 |Marave Tappe|Golestan g?;;oN *E, 219
9 |Nahavand Hamedan 32:36% B, 1,655
10 |Kish Hormozgan ggg;oN B, 33
11 |Varzaneh Isfahan ggiéON B, 1,548
12 |Rafsanjan Kerman ggggoN B, 1,546

0
13 | Abadan Khuzestan ggggoN E, 3
14 |Mahi Dasht | Kermanshah gg;goN E, 1,362
15 |Ghorveh Kordestan ngSON *E, 1,788
16 |Khorramabad |Lorestan ggigON *E, 1,166
17 |Khomeyn Markazi gg%gON *E, 1,811
18 |Senar Mazandaran géé‘?N *E, 1,204
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20 |Shurjeh Qazvin oo | 1598
o [owrn T g
A N
23 |Moalleman |Semnan gjggoN B, 711
o o[ | 25 | 107
o Jom o T ]
27 |Hesarak Tehran 2613:27°N *E, 1,594
28 | Chaldoran szisrtk-)aijan oo | 1829
29 | Abarkuh Yazd g?g?N E 1,511
30 |Soltanye Zanjan ;"SEZON B, 1,797
2.2 Hybrid solar/wind/biofuel system simulation

57

The hybrid solar/wind/biofuel system is shown in Figure 2. The hybrid system consists
of solar photovoltaic (PV), wind turbine (WT), biogas generator (BG), converter, and
battery (storage) components. The off-grid hybrid system is capable of generating at least
one kW of power in each hour so it can be used as a gauge system which indicates the
necessary size of the renewable system to meet the energy demand in each site under
optimal conditions. The annual amount of extra energy is reported as the excess power in

each site.

The required economic parameters are summarized in Table 2. The system is simulated
using HOMER PRO software. Thus, a hybrid system is optimally designed in each site
and net present cost of the system is obtained using Equation (1) as follows:

TAC

NPC =—=

CRF

)
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Where, NPC is the net present cost, TAC is the total annualized costs and CRF is the
capital recovery factor.

Table 2. Economic parameters

parameter value

BG capital costs 5,000 $
BG replacement costs 1,250 $
BG maintenance costs 875 $lyear
WT capital costs 3,950 $
WT replacement costs 3,450 $
WT maintenance costs 60 $/year
PV capital costs 3,500 $
PV replacement costs 3,000 $
PV maintenance costs 25 $/year
battery capital costs 600 $
battery replacement costs 600 $
battery maintenance costs 10 $/year
converter capital costs 1,100 $
converter replacement costs 600 $
Project lifetime 25 years
Nominal discount rate 10%
Expected inflation rate 10%

Thus, the NPC, excess power, solar fraction (SF), and wind fraction (WF) are obtained
in each site under optimal conditions. It goes without saying that the biogas fraction can
be calculated according to SF and WF so that the sum of three variables ends up to the
unity. The required land for the system is obtained using Equation (2) in each site.

system

ea = ,CUS.CN @
Where, CUS is the components unit size, and CN is the components number. The
converter, solar and wind components unit size are assumed to be 1.2, 10 and 25 m?,
respectively [14]. The size of biogas and battery components are neglected because the
biogas size is fixed for all sites and the batteries can be mounted on the inverter
components.



10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL 59
PROTECTION (JUNE 27TH—30™, 2017, BLED, SLOVENIA), ENERGY MANAGEMENT AND
PoLicies
P. Ifaei, J. Rashidi, J. Tai Kim & C. Yoo: A Hybrid Solar/Wind/Biofuel Management
Strategy in Iran Using Techno-Econo-Socio-Environmental Multivariate Analysis

(TESEMA)
Iy Converter
PV wT
Storage V—EE
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Consumer

Figure 2. Schematic representation of the hybrid system
2.3 Non-simulated variables

Non-simulated required economic, social and environmental variables are summarized in
Table 3. According to the table, air quality is obtained regarding the department of
environment report in 2015. Industrial development score indicates the industrial growth
in a province. Population, population density, and unemployment rate are other socio-
economic variables followed by the land price. Note that the provinces with more than
one representative sites are reported only once.
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Table 3. Non-simulated variables
site | Air Ind. Populati | Pop. Un. Ln.
No. [qual. |Dev. on Den. rate Pr

1 |406 2019 27124 465 12.4 136
2 302 |1368 1270.4 70.8 12.8 80
3 [428 |16581 | 11634 51.1 9.7 39
4 1304 2019 3909.6 85.9 7.3 115
5
7
8

274 12150 4851.2 39.6 12.1 90
296 1092 2530.6 180 11 65
315 |1181 1868.6 91.7 11.8 43
9 [372 |1264 1738.2 89.7 8.5 77
10 |274 11420 | 17764 25.1 11.9 90
11 1398 2944 5120.8 47.8 13.8 132
12 1324 2963 3164.7 17.4 7.9 47
13 1622 4788 4710.5 73.5 10.9 78
14 1464 1939 1952.4 78.1 17.6 70
15 1448 1402 1603.1 56.8 13.3 73
16 1496 |1081 1760.6 62.2 13.3 48
17 1380 |2974 1429.4 48.4 7.9 114
18 1296 |1802 3283.5 138 1.02 52
19 1318 |1629 863.1 30.3 11.1 68
20 |406 2033 1273.7 81.9 11.7 105
21 |394 1422 6434.5 54.1 13.3 74

23 |396 1915 702.3 7.2 8.4 73
24 1405 |1321 27751 9.9 11.5 60
26 408 1380 768.9 51 8.6 60
27 |412 | 2547 13268 1022 8.1 903
28 |304 1098 3265.2 | 881 10.9 76

29 |386 2459 11385 | 148.9 11.2 51
30 |348 1523 1057.4 | 48.6 9.6 97

24 Multivariate analysis

Having obtained more than 10 techno-econo-socio-environmental variable for thirty
sites, principal component analysis (PCA) is performed in order to reduce the complexity
of input variables. PCA is a mature multivariate statistical method which reduces the
dimensions of variables using a Varimax rotation [15].

Following the PCA, the simulated and non-simulated variables are clustered to classify
the observations in the sites. A k-means algorithm is used to cluster the variables. Finally,
an average linkage similarity hierarchical clustering method is applied to depict the
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clusters graphically. The clustering approaches are constructed according to the
Euclidean similarity level between the variables [16].

3 Results and Discussion

The simulation results are summarized in Table 4 for which the NPC and land use are in
M$ and m?, respectively. In order to obtain a uniform data set, a multiple of the
reciprocals of the land price, land use and NPC are used for statistical analyses instead of
the reported values. In this way, the greater the variable quantity is, the greater the
renewable energies priority becomes. Thus, greater value of air quality leads to higher
priority of renewable energies application as zero carbon sources.

The scree plot of PCA is shown in Figure 3. According to PCA results, the first PC has
an eigenvalue of 2.8651 which accounts for 28.7% of total variance. The first to the
seventh PCs have 97.1% of cumulative variance. Thus, the significance of the last three
PCs seems negligible. The variability can be efficiently captured in three underlying
dimensions because an eyebrow occurs in the third PC.

Table 4. Simulation results and corresponding clusters

No. |[NPC SF WF Ln.use | Clus | Ln. use
ter
1 (331 |s5357 22'2 4500 | A | 4590
2 1321 | 65093 24'4 3650 | © | 3650
3 (317 7772 |96 | 2860 |C | 2860
4 1409 948 |02 |4980 |A | 4980
5 (300 18696 |09l | 2400 |D | 2400
6 324 8273 [375 |2770 | D | 2770
7 1383 8826 |016 | 3700 |A | 3700
8 |308 |57.49 36'1 4175 | B |75
9 (343 [8817 |008 | 2020 |B | 2920
10 |3.07 | 6857 il's 3605 | B | 3605
11 (307 | 943 | 013 |2590 |D | 2590
12 (307 | 7082 52'5 4000 | A | 4000
13 [328 | 5361 23'2 2020 | P |02
14 (343 | 9423 008 3360 |B | 3360
15 (332 8921 015 2775 |B | 2775
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16 315 | 714 39'4 3530 | B | 3530

17 |3.22 87.46 0.07 | 2455 B 2455

18 (345 |3887 |57 |aees | P | 4665

19 (2.93 61.77 26'6 3540 c 3540

20 [3.27 60.25 35'8 4075 c 4075

21 [3.04 77.14 %8'0 3710 D 3710

22 |5.4 87.84 1.36 | 4030 D 4030

23 [3.08 88.76 0.53 | 2400 C 2400

24 [3.16 86.75 0.29 | 2490 A 2490

25 [3.11 78.95 33'1 3085 A 3085

26 [2.98 74.5 50'4 3765 c 3765

27 [343 | 652 i“ sz | B | ass

28 |342 | 8621 %3'6 2955 ﬁ’;rt 2955

29 |3.08 77.13 6.31 | 3645 E 3645

30 |3.09 90.39 0.22 | 2360 C 2360

Scree Plot of SF(%0), ..., land price ($)

3.0

2.5+

2.0+

1.5+

Eigenvalue

1.0

Figure 3. Scree plot of PCA

5 6

Component Number

K-means clustering results are summarized in the last column of Table 4. Considering
site No. 28 as an outlier, the sites can be effectively clustered in 5 clusters. The sites of a
cluster can be treated in a similar way from the management viewpoint. The clustering
results can also be used to construct hybrid RE and sustainability maps of Iran.
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Figure 4. Scree plot of PCA

%l

The dendrogram of the hierarchical clustering using an average linkage method is shown
in Figure 4 for which the vertical axis represents the similarity level and the horizontal
axis accounts for the sites. According to the figure, 14 sites can be classified in a cluster
with a common energy management strategy.

4 Conclusion

Techno-econo-socio-environmental multivariate analysis was applied to Iran in order to
set up a management strategy for hybrid solar/wind/biofuel systems. Accordingly thirty
meteorological sites were selected and the corresponding ten minute weather data were
used. Solar and wind fractions of the optimal hybrid system were assumed as technical
variables in addition to land price, land use, unemployment rate, industrial development,
air quality, population, population density and net present cost to form the variables data
set. PCA and K-means were applied and the following conclusion was driven

- Iran can be effectively classified in five clusters;

- Three principal components represent 66.1% of the total variability among the
variables; thus

- Athree stages management strategy can be applied to Iran.

The results of the study can be used for the as hybrid renewable and sustainability maps
of Iran and the analysis can be further extended to any regions of interest in the world.
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1 Introduction

Energy transition, as a concept incorporated in many policy measures, carries different
interpretations across countries: whilst for some countries the concept refers to the level
of carbon intensity, for others it relates to the process of liberalisation of energy markets
[1]. Many energy policy measures were introduced as a means of correcting market
failures that can generate suboptimal investments in the energy sector. For example, the
energy packages introduced from the mid1990s aimed at greater openness of the
European energy markets, ownership unbundling, independence of regulators and cross
border transmission of electricity [2, 3]. A consequence of the regulatory changes, the
legal and functional unbundling occurring in the sector was acknoledged as having
positive impacts, through induced price reduction [4]. Other regulatory incentives, such
as the ones stimulating the diffusion of renewable energy sources? and increased energy
efficiency enabled the most carbon intensive European industries to successfully reduce
their emissions? . The transition to a more competitive framework together with
environmental policies seeking low-carbon technology diffusion possibly favoured
productivity and efficiency changes in specific segments of the energy supply chain.

The present investigation explores the extent to which productivity changes and
deviations from the production frontier depended on efforts focused on market
liberalization. It uses efficiency and productivity as two different concepts, with
productivity changes incorporating both technical efficiency changes and technical
progress. The analysis adds to the studies on decomposition of productivity change
previously examined by growth accounting [5, 6]; stochastic frontier [7], linear
programming [8, 9] or DEA [10]. These studies expand the traditional framework for
studying productivity by including resources that are devoted to pollution abatement or,
otherwise, a part of the outputs that should be sacrificed for a cleaner environment [8].
The use of a stochastic frontier approach [11, 12] allows the expansion of the framework
for studying environmental productivity and adds a vector of institutional variables, such
as regulation, explaining the variability of inefficiencies in the energy sector.

The econometric strategy proposes a panel data analysis of an output distance function
across 10 European countries, from 1995 to 2013 and using as inputs capital, labour, one
desirable output (gross output) and three undesirable outputs (CO2, N2O and CHa
emissions). The estimates are further used to estimate environmental productivity
changes for the electricity and gas sector, one of the most polluting sectors during that
period of time, yet one for which new opportunities for growth are identified. The
structure of the work is as follows. Section 2 presents the data and model specifications.
Section 3 discusses the results and policy implications. Finally, Section 4 concludes.
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2 Data, Methodology and Model Specification

The estimation of productivity and efficiency changes usually involves additional
assumptions pertaining to model specifications, distributional assumptions and temporal
behaviour of inefficiency. The use of a multi-output distance function relaxes several data
limitations, such as the need for prices for the bad outputs, or the need for weights used
in the case of multiple outputs; a specification using output distance functions assures a
joint estimation of multiple outputs, informing of the maximum that can be achieved
given a set of inputs and subject to specific constraints.

Related to the inefficiency term, distributional assumptions of inefficiency are needed in
the case of panel data analysis in order to separate inefficiency from noise. Different
approaches invite different assumptions in order to deal with limits raised by non-
parametric approaches or by sequential analysis, assumptions that might contradict the
assumption of identically distributed residuals [11]; these inconveniences can be
addressed by a simultaneous estimation in the framework of the Stochastic Frontier
Approach (SFA) [11]. The use of the SFA allows the parametrising of the variance of the
one-sided inefficiency error component, and thus achieving additional insights into the
relationships of the inefficiency with various determinants [13]. The model was also
augmented with the inclusion of entities’ specific intercepts [14]. Inspiring from all these
models, the paper considers a translog multiple output distance function(eq 1), where i
and t are subscripts for countries and years respectively

—In(y1it) = a; + X amln (M) +0.5 =

YVi,it

S T B 1 (225 In (222) 4 5yl e + @)

Yt

+0.5 * Z z Bralnxy Inxy, + Z amPMR + 0t + 9t * Inxp; — uye + vy
k1 m

The translog output function was defined for k=2 inputs (x; ;) and m=3(y,,;) outputs
including the following assumptions [8] i) the shadow prices of the bad outputs should
reflect the sacrifice of the good outputs for obtaining a cleaner environment; ii) an
additional specification reflects the trade-off between the good and the bad output iii)
when it is non-increasing in the inputs, for fixed quantities of the good and bad outputs,
more inputs decrease the value of the distance function. The constraint of constant returns
to scale seems unrealistic in the context of the current investigation and hence is not
considered for this analysis. The negative sign of the explanatory variables reflects the
distance from the frontier. The model allows for true fixed effects a; [14].

Last, the inefficiency is distributed half normal uie N* (i, 025) = N*(§, +
Zyit5, €Xp(Wyo + 7y sWy) ) and the error term as v N (0,02, ), where the technical
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efficiency equals exp(—u;.)). The inefficiency term u; is quite sensitive to how it is
modelled [15]: the inclusion of the measures relating to the regulatory stance of countries
enables transitions induced in the (in)efficiency within the energy sector to be understood.
Productivity is measured as the relative performance of the units across different units of
time, also incorporating changes due to technical progress. Departing from Debreu-
Farrell’s definition of technical efficiency and deriving it in time, the paper decomposes
the productivity change into technical progress and efficiency change in a similar manner
to previous studies (Minh et al., 2012).

3 Results

The patterns of the gross output y, ;; of Sector D “Electricity, gas and water supply”, the
patterns of the bad outputs y,, ;; (CO2, CHs, N2O emissions) and the patterns of the inputs
(K, L) controlling for market regulation (PMR) are explored between 1995 and 2013 over
a panel of 10 countries: Austria, Belgium, Denmark, Finland, France Germany, Italy,
Spain, Sweden and the UK. The EUKLEMS was used as the data source for the sectorial
gross output, the capital services and the labour services series across-countries and time
[16]. The information on pollutant’ emissions for Sector D was collected from Eurostat
(Air Accounts, 2008-2013) and completed with the WIOD environmental accounts
(Genty et al 2012) in order to account for the residence-based system of accounting.

Measures of countries’ regulatory stance over time are reflected by the product market
regulation indicators produced by the OECD [15]. To determine the extent to which these
regulatory efforts affected the variability of the efficiency is the aim of the present
exploration. In particular, whether the indicators on barriers to entry, public ownership,
market structure and vertical integration played a role upon productivity and efficiency
gains was tested.

The time varying inefficiency, controlling for country fixed effects was estimated based
on previous studies [17] and using the specification from equation (1) that allows the use
of a multiple output framework.

Table 1 displays the estimates of the different specifications, one allowing the inclusion
of several pollutants (hereafter called environmental) and controlling for the country’s
regulation in the electricity sector. This specification has been compared to single output
specification.
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Table 1. Stochastic frontier estimates : single output versus multiple outputs specification

Frontier

Capital
services
(log scale)
Labour
services
(log scale)
Capital*la
bour (log
scale)
Ratio CO2
to  gross
output(log
scale)
Ratio N20
to  gross
output(log
scale)
Ratio ch4
to  gross
output(log
scale)
Ratio
Co2*
Ratio Ch4
Ratio
CO2*Ratio
N20
Ratio
CO2*Ratio
N20
Trend

Single Multipl Multipl Multip
outpute e le
homos output, output output
cedastihomosc heteros hetero
c edastic cedastic skedas
ineffici inefficie inefficie tic
ency- ncy (2) ncy - ineffici
(1)- 3)- ency -
4)-
040 029 -036 -0.50
[0.22]n [0.21]n. [0.22]n. [0.41]n
.S. S. S. .S.
-0.63 -0.68 -0.21 -0.53
[0.09]*[0.08]** [0.11]* [0.21]*

** * *

019 021 008
[0.06]**[0.09]** [Ins

-0.04 0.28 0.69
[0.09]n. [0.15]* [0.23]*
S. *

084 050 0.22
[0.07]** [0.12]** [0.15]'
* *

-0.06 -006 -0.05
[0.01]** [0.02]** [0.23]*
* * *

0.02 0.04 0.06
[0.01]n. [0.02]** [0.03]*
S.
0.04 0.01 -0.01
[0.01]** [0.01]n. [0.02]n
* S. .S
-0.05 -.03 -0.02 -0.01

Multiple
output
heterosk
edastic
inefficie
ncy -(5)-
eq.1

-0.29
[0.52]n.s

-0.24
[0.60]n.s

-0.20
[0.16]n.s

0.13
[0.16]n.s

0.60
[0.23]**

0.26
[0.15]*

-0.01
[.021]**

0.06
[0.03]*

0.01
[0.01]n.s

-0.01
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[0.0]** [0.00]** [0.00]** [0.01]n [0.0]n.s.

.S
Fixed Yes yes Yes Yes yes
effects
Entry 0.004
[0.02]n
.S
Vertical -0.09
integration [0.03]**
*
Entry -0.91  -0.99
[0.71]n [0.47]**
S
Public -0.04
ownership [0.24]n.s
Vertical -1.62 -0.86
integration [0.40]** [0.54]*
*
Market -0.29
structure [0.24]n.s
- .
g, Constant -4.46 -5.10 327 -4.19 0.79
@ [0.35]*[0.52]** [1.79]* [2.21]* [2.39]n.s
o *k * .
c Constant -5.67 -5.82 518 -3.75 431
> [0.3]**[0.35]** [0.33]** [0.4]** [0.32]**
g * * * * *

N.B. Standard errors in brackets and * 10% significance level , ** 5% significance level
and *** 1% significance level.

The models presented in the table build incrementally one on top of the other. First, they
seek a correction of environmental damages, by including different pollutants within the
multiple output distance function, and constraining them to a radial expansion, that is
respecting conditions i),ii and iii). Secondly, the specifications include the variables
reflecting product market regulation and affecting the variance of the inefficiency term.
The negative signs are interpreted as contributions that help reduce the distance from the
frontier. Significant positive estimates are shown for pollutants (e.g. CO2, CHa4, N2O
emissions) and indicate the amount of resources used for the abatement of pollution.
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Technical progress. The single output model specification revealed a positive and
significant contribution of the technical progress, approximated by the trend (5%).
However, its contribution decreases in environmental specifications becoming even not
significant (Model 5, Tablel) .

The reorganisation of the energy sector: production gains versus efficiency gains.

The period of analysis features the implementation of the liberalisation framework,
sought to allow transition from nationally vertically integrated monopolies to more
competitive markets. Some concerns over the functioning of these markets were raised
in the sense that limitations to market penetration of the new entrants could have
negatively affected production, yet this effect was found not statistically significant
(model 3, tablel).

Certain characteristics of the sector are potentially harmful to electricity output and the
sectors’ efficiency gains. For example, high rates of public ownership could impede the
entrance of firms able to assure better allocations. However, this effect was not confirmed
by present specifications (model 5, Tablel).

Considering only the effect of vertical separations over the energy sector (specification
3) it turns out that vertical relationships contributed positively to the output growth, whilst
on the efficiency side, vertical relationships contributed negatively to the inefficiency’s
variability. The latter recalls the slow pace of reforms in the sector with respect to the
separation of functions belonging to different segments of the energy supply chain.
Among the indicators examined, all countries manifested higher regulation intensity with
respect to vertical integration and public ownership compared to entry and market
structure. Insufficient unbundling between supply and transmission activities might not
allow economies of scope® to reduce inefficiencies. This hypothesis will be further
studied by changing the distributional assumptions of the one side inefficiency term.
Finally, the investigation suggests that the liberalization of the energy markets was
responsible for empowering vertical separations in the supply chain to significantly
influence the sector’s variability of technical efficiency.

Efficiency patterns

An empirical indication of the performance of the energy sector, which does not
differentiate between idiosyncratic errors and the inefficiency term, is possible using the
information from countries’ energy balances. The technical efficiency of the overall
energy sector was calculated as a ratio between the transformation output and
transformation input. Comparing the estimation results with this deterministic measure,
it appeared that the most exhaustive specification (model 5) featured a technical
efficiency change close to the one determined through the use of energy balances. T-
tests were also employed to test the differences in the means of efficiency changes
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between the ratio derived from the energy balances (-0.3% on average) and the ones
based on stochastic frontier estimations; the results indicated greater closeness of the
means when using the multiple output regulated specification (-0.4% on average).

Productivity change

The patterns of efficiency change are incorporated into the productivity change, bearing
important policy insights. In the single output specification, the growth of productivity is
less explained by the efficiency change (0.3% on average) and more by the technical
change (5%). In the multi-output specification, the technical progress contributes on
average 2.5% to productivity changes, or even becomes statistically insignificant in the
presence of regulation (models 4, 5, Table 1).

The environmental productivity change is lower than the single output one, indicating
that, without the inclusion of the cost of pollution, the analysis framework understates the
true productivity improvement in industries that have been devoting an increasing share
of resources to pollution abatement activities. The evolution of the average multiple
output productivity patterns affected by the market regulation is shown in Figure 1.

1997-2002 2003-2008 2009-2013
15,0% -
5,0% -
E— L
-5,0% - —
I
I
-15,0% -
M Austria M Belgium Finland France
W Germany M Italy Netherlands Spain
Sweden United Kingdom

Figure 1 Average environmental productivity patterns by country, controlling for the
market regulation affecting the inefficiency’s variability

The regulatory components exerted a positive contribution on the production side through
the changes in vertical integration. However, the joint contribution of regulation to the
inefficiency’s variance was negative, and significant only with respect to vertical
integration and entry. The patterns in productivity change should be carefully examined
as they reflect the joint effect of energy market regulation and the level of pollution
abatement occurring in these countries.
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4 Conclusion

The efforts directed towards market liberalisation and low-carbon transition sought to
correct market failures negatively affecting investments. The analysis shows that the
choice of the policy measures plays an important role in explaining the variability of
technical inefficiency and also in the productivity changes.

Furthermore, the analysis used an environmentally expanded framework. Without the
inclusion of the cost of pollution, the analysis understates the true productivity
improvement in industries that have been devoting an increasing share of resources to
pollution abatement activities. Stricter environmental regulations in one country lead to
a higher opportunity cost between bad and good outputs, and greater effort within specific
countries to comply. This effect needs to be accounted for in the context of an industry
opening to competition with the final aim of a single market.

Also, one sees the need for incorporation of the role of market regulation as a means to
decrease distortions that could generate resource reallocations across countries and
increase aggregate productivity.

The effects on productivity change resulting from the interplay between the market
regulation and the environmental goals (i.e. lower emissions) could contribute to
providing responses for correcting structural weaknesses in the overall business climate.
The design of policy measures, hence, accounting for different facets of the production
process is not only a relevant question for a top-down design of policy measures. It is
also interesting from a bottom-up perspective, in which firms and smaller entities
empowered by a liberalised framework would reallocate resources towards greener
growth.

Disclaimer

The views expressed in this paper are purely those of the writer and may not in any circumstances
be regarded as stating an official position of the European Commission.

Notes

1 Up to 275% from gross electricity production in 2014, source Eurostat
http://ec.europa.eu/eurostat/statistics-explained/index.php/Europe_2020_indicators_-
_climate_change_and_energy

2 based on territorial accounting , it appears that in 2014 energy sectors reduced by 24.8% CO2
emissions under 1990 levels

3( i.e. cost reduction when controlling various segments of the supply chain
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1 Introduction

Energization plays a decisive role in the socio-economic and environmental development
of any country. A society that has access to electricity creates conditions to alleviate
poverty, increase social protection and raise the standard of living. In addition, energy
can lead to the mobilization of resources that are paralyzed, creating an array of services
that in some cases are precarious [1].

Recently there is a growing interest in the study of energization and its effect life quality.
Empirical evidence has demonstrated the relationship of effect and causality between
energizing and improving life quality. The most recent research on the subject exposes
the risks to health, detriment in education and productivity challenges of those societies
that suffer from energy poverty [2-5]. Studies have also highlighted the positive impact
of per capita electricity consumption on growth at macro levels [6].

Bridge et al (2016), for example, examine the effect of electricity on income, education,
health and labour productivity in Nepal [7]. Their results show that the lack of energy in
the territories, has a negative impact on life quality of the habitants. In the particular case
of rural communities, it is difficult to develop domestic and agricultural activities, which
directly affect the life quality of households. From this perspective, energization is a
factor that contributes to improving the levels of education, health, labour productivity
and income of families. In other words, energization promotes true sustainable
development [8].

This paper follows a similar approach to Bridge et al. (2016). The purpose of the present
paper is to analyse the effect of energization as a determinant of quality of life in
Colombia. To do this, the National Agricultural Census (CNA in Spanish) [9] of the year
2014 will be used, with which a correlation analysis between the energization and
determinants associated to the quality of life is made. Based on the CNA data, it is
estimated statistically whether household access to energization is significantly related to
health, education, labour productivity and income. Next, the magnitude and meaning of
this relationship will be analysed. Due to the possible existence of bidirectional
causalities in these relations, the estimation requires an econometric model that represents
the endogenous character, which is a model of simultaneous equations of three stages
with least squares (3SLS). Subsequently, the different functional relationships are
considered taking into account the limitations in the data and the main equation is
determined. The present analysis will be carried out using Stata® 13.0 software.

2 Modeling Approach

According to Bridge et al. (2016), the intuitive and anecdotal explanation of the impact
of energization is that it improves health, education and productivity at work [8]. In figure
1, it is observed that there are double-sided arrows, which indicate causality in both
directions. It is understandable that an increase in education will lead to an increase in
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income. It is also true that a greater amount of income allows a household to seek better
education conditions. Due to these bidirectional causalities, the estimation of the relations
will require an econometric model that represents the endogenous character: Model of
three-stage simultaneous equations with least squares (3SLS).

A=

e 3D o |

Figure 1. Conceptual model of the interrelationship between electricity and income.
Source: Bridge et al. (2016)

2.1 Functional relationships

In order to get a true understanding of how the energizing impacts on the life quality of
people, you have to start with an understanding of why some homes have electricity while
others do not. As stated by Bridge et al. [8], two simple and intuitive indicators are useful
for this: (a) only those households that can pay for energizing will have it, and (b) only
those families that live in an area where the energization is available will have access to
it.

Equation (1) shows household access to energization, which has the function of
household wealth and whether it resides within an area with electricity coverage.

Energiza= f (Wealth,C) (1)

For a more complete understanding of the differences between households that have and
do not have energy, the goal is to analyse households that are the same in every way,
different from being energized. The main areas for variation in access to electricity are
rural areas, where most households are involved in the agricultural sector. The rest of the
analysis will focus only on rural households residing within grid areas. For the purposes
of this research, equation (1) becomes:

Energiza= f (Wealth) ()
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The next step will be to look at the factors that influence the wealth of households. Wealth
indicators vary widely by country. For our case, we will use some primary predictors of
wealth as they are: income, education, land ownership and health services.

Equations (3) show the wealth of households in terms of education, land tenure and
household health services.

Wealth = f (Income, Education,
Land _ Holding, Health _services) )

The substitution of the determinants of wealth (3) in equation (2) gives:

Energiza= f (Income, Education,
Land _holding, Health _services) “)

As can be seen in Figure 1, the hypothesis is that energization influences household
income through the intermediary mechanisms of health, education and productivity.
Therefore, we can express the effects of access to energization in the following way:

Health = f (Energiza, X) )
Agricul _ produc = f (Energiza, X) 6)
Education= f (Energiza, X) @)

Where X is a vector of household and other commonly accepted characteristics of
health, productivity and education. Finally, an understanding of (5)-(7) allows
investigating the indirect effects of electricity on income. This is mathematically
described as:

Income = f (Health, Agricult_ produc,
Education) ®)

Limitations in the data are likely to result in limitations on the information obtained from
the estimate. For this reason, the direct impact of energization on income was also
investigated to take into account the missing information and thus gain a better
understanding of the equations (5)-(7). Thus, in practice, the equation (8) will be
estimated as:
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Income = f (Electricity, Health,
Agricul _ produc, Education) ©)

3 Data Review

Our data come from the CNA, made by the National Administrative Department of
Statistics (DANE in Spanish) in the year 2014. The CNA is the only one of the three
censuses carried out in Colombia, which is characterized by being inclusive, it covers
1101 municipalities, the San Andrés Archipelago, Providencia and Santa Catalina, 32
departments, 20 non-municipalized areas, 773 indigenous reserves, 181 afro Colombian
communities and 56 national natural parks [9].

The sample size of the cross section of the CNA is 1122 municipalities. Our level of
analysis for this study varies according to the available information: households,
individuals and Agricultural Productivity Units (UPA in Spanish). This analysis takes
into account the entire population concentrated in the dispersed rural areas of Colombia.

The Census provides information about the use and coverage of land, characteristics of
UPA’s, machinery and infrastructure, population characteristics, education and living
conditions, among others. In addition to the information contained in the CNA, proxies
related to the Electricity Coverage Index (2014) are added, which represent rural areas
different from municipal headings per municipality. Equally, municipal value added is
used as a measure of productivity and economic development. The aforementioned
variables were obtained from the Colombian Mining and Energy Planning Unit (UPME
in Spanish) and the DANE, respectively.

3.1 Variable list and descriptive statistic

The descriptive statistics appear in Table 1. For purposes of analysis, we take some
decisions about variables of interest: a) except for municipal value added, the rest of the
variables used in the model refer to the dispersed rural areas of Colombia, those areas
different from the urban centre of the municipalities and the populated centres; b) with
the exception of municipal value added and the total population, the remaining variables
used in the model are expressed in percentages. Given that within the national accounts
of Colombia the gross domestic product at the municipal level is not estimated, the
municipal value added calculated by the National Planning Department (DNP in Spanish)
was used. The municipal added value is a proxy variable that is used to express the
monetary value of the production of goods and services of final demand, in this particular
case, of the municipalities of Colombia.

However, in terms of the main variables, it is assumed that the Municipal Electricity
Coverage Index of the dispersed rural areas of Colombia is on average 85%. In other
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words, the average energization is relatively high; however, an approximate standard
deviation of 0.21 can be observed, which indicates an important inequality gap between
municipalities that have energy and those that do not. Something similar occurs with the
average percentage of school absenteeism of children between 5 and 16 years of age in
rural areas scattered in the municipalities of Colombia; this amounts to approximately
20%; however, it is worrying that in some populations this index reaches figures above
60%. At the same time, the average percentage of harvested areas in the dispersed rural
areas of the municipalities of Colombia is 7.35%. Finally, we observe that the average
percentage of people without affiliation to the health system in the dispersed rural areas
of Colombia is 3.64%. The illiterate ratio, land tenure, sanitary services and livestock
head, are considered to support the analysis in this research.

4 Econometric Model

Income = S, + B Elect + S,Educa +

SsAgric_ prod + g,Health+Y, X, + & (10)
Health = 6, + J,Elect +Y, X, + ¢, (11)
Agric_ prod = ¢, + ¢,Elect+ Y, X, + &, (12)
Educa =y, + 4 Elect+Y, X, +¢, (13)

Elect = p, + p,Income+Y, X + &, (14)
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Table 1. Descriptive statistics
Variable Ob | Mea | Std. Mi | Max
S. n Dev n
Index of electricity coverage (%) 11 | 085 |0.21 0 1
22
School absenteeism between 5 - 16 yearsold | 11 | 19.95 | 6.56 0 60.24
(%) 22
Harvested area (%, in Hectare) 11 | 735 | 1167 |0 92.87
22
People without health affiliation (%6) 11 | 3.64 | 3.06 0 29.63
22
Municipal Value Added (thousands of | 11 | 618.3 | 5478.1 A 0.8 | 1709
millions) 22 | 2 6 5 56
Total people 11 | 4569. | 5301.9 | 16 | 7073
22 |3 2 8
lliterate rate (%) 11 | 12.71 | 6.67 1.0 | 51.56
22 9
Own productive units (%) 11 | 5426 | 1792 |0 93.26
22
Houses with sewer service (%0) 11 | 556 | 7.69 0 93.25
22
Housing with aqueduct service (%0) 11 13930 2896 |0 100
22
People affiliated to the subsidized health | 11 | 78.64 | 15.84 | 9.5 | 98.7
system (%) 22 6
Agricultural productive units with presence | 11 | 31.49 | 2046 | O 92.17
of livestock (%0) 22
Households with inappropriate material on | 11 | 4.15 | 6.93 0 79.79
their walls (%) 22

Source: Authors’ calculation using CNA — 2014.
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Table 2. 3SLS simultaneous estimation of the impacts of electricity on life quality

1) () @) (4) (%)
Municip | People Harves | School Index of
al Value | without | ted absenteeis | electricit
Added health area m y
(log) affiliatio between coverag
n 5-16 years | e
old
Index of electricity | 2.558 -7.459 8.992 -9.171
coverage (0.023)* | (0.012)* | (0.023) | (0.000)**
School  absenteeism | -0.335
between 5 - 16 years | (0.000)*
old **
Harvested area -0.023
(0.012)*
People without health | 0.453
affiliation (0.000)*
**
Municipal Value 0.029
Added (log) (0.010)*
**
Total people 0.000 0.000 0.000 -0.000 0.000
(0.000)* | (0.014)* | (0.632) | (0.279) (0.052)*
** *
Illiterate people 0.146 -0.196 0.175 -0.006
(0.000)* | (0.000) | (0.000)** | (0.000)*
Own productive units | 0.011 -0.006 0.106 0.184 -0.000
(0.030)* | (0.215) (0.000) | (0.083)* (0.931)
Houses with sewer 0.011
service (0.179)
Housing with -0.002
aqueduct service (0.788)
People affiliated to the -0.075
subsidized health (0.000)
system
Agricultural -0.205
productive units with (0.000)

presence of livestock

*k*k
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Households with -0.003
inappropriate (0.003)*
material on their walls **
_cons 6.910 14.233 2.777 24.728 0.812

(0.000)* | (0.000)* | (0.503) | (0.000)** | (0.000)*

*% *% * *%*
No. of Obs. 1122 1122 1122 1122 1122
Chi-Square 181.27 406.15 236.16 | 100.04 89.47
P-value 0.000 0.000 0.000 0.000 0.000

Source: Authors’ calculation using (NCA 2014)
*P<10. **P<.05. ***P<01.P Value in parenthesis

5 Results

Our regression results show that there is a positive impact of access to electricity on the
municipal value added. This effect is observed both directly through the intermediate
effects of levels of education, health and agricultural productivity. Table 2 presents the
results of the regression of the equations (10) to (14), where at the same time the
determinants of five different variables of interest are estimated.

In the proposed functional relations, it was hypothesized that the constant supply of
electrical energy is related to positive way, with the best levels of education, health,
productivity and income of the households that are located in the Dispersed Rural Areas
in Colombia. The results obtained are highly significant and with expected signs of the
relationship. This hypothesis is corroborated by the results of our 3SLS estimate.

We see in model (5) that an increase in the municipal value added, ceteris paribus, entails
a rise on the electric coverage index in the dispersed rural areas of the municipalities’ is
positive. Nevertheless, despite the level of meaning, the effect is not of the magnitude
expected. This can be explained mainly by two reasons: the first has to do with the type
of variable (proxy) that is the value added and the second is related to the centralized
policies of energization in Colombia, that is to say to a great extent that a municipality is
energized or not, it depends on the policies centralized from the Government.

Now you can see the direct impact of energy on life quality indicators. Model (4) in Table
2 shows that the electric coverage index has a positive and very significant effect on the
schooling attendance of children from 5 to 16. This means that before an increase by one
percentage point of the electric energy coverage index , Ceteris paribus, the percentage
of school absenteeism among children between the ages of 5 and 16 decreases
approximately 9.2%. In other words, an area that has more energization, generates a
considerable decrease in school attendance. This result provides a quantitative
understanding of the anecdotal discussion about the benefits of electricity over education.
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Our next indicator of development is agricultural productivity. In model (3) of Table 2
we again observe the anecdotal evidence of the importance of electricity over agricultural
productivity. An example is the electric water pumps, which make irrigation much easier,
thus favouring fertilization techniques. Similarly, access to power tools reduces the
labour intensity of agricultural laboratories. From Table 2, it can be deduced that the rate
of electric energy coverage increases by one percentage point, ceteris paribus, the
percentage of cultivated area would increase by approximately 9 percentage points. This
result is reasonable if we consider that an energized farm makes the most of irrigation
systems, fertilization and pesticide techniques. Important is also the effect of the presence
of cattle in dispersed rural areas. According to the model, a 10% increase in livestock in
productive and non-productive units, ceteris paribus, will lead to a reduction of 2
percentage points in the total area harvested.

The variable used to investigate health outcomes in model (2) of Table 2 shows some
interesting results. Due to the limitations in the data, the variable used as determinant of
health are the people without affiliation to health. This variable gives us an indication of
the number of people who do not have a health service in the dispersed rural areas of the
municipalities of Colombia. Again, we find a significant effect of energization on health
service affiliation. The above could be explained from the following perspective: "the
provision of the health service is affected in the populations that have a lower coverage
of electrical energy". The results in table 2 indicate that, if the electric coverage index
increases by 1%, ceteris paribus, the percentage of people without health system
affiliation will decrease by approximately 7.5 percentage points. Likewise, it is important
to highlight the effect of illiteracy on people without health affiliation. The model
indicates that a 10% increase in the percentage of illiterate people in a municipality,
ceteris paribus, would cause an increase of 1.5 percentage points in the percentage of
people without health affiliation.

The model (1) in Table 2 brings together all the information of the models (2)-(5) to
estimate the total impact of electricity on life quality. The first important result is that the
three indicators of development (education, productivity and health) have the expected
signs and are significant at a level of 1%. An increase in the electric coverage index by
one percentage point, ceteris paribus, will cause municipal value added to increase by
2.56%. Likewise, if the percentage of people without health system affiliation increases
by 1%, ceteris paribus, the municipal value added will increase by 0.45%. Regarding
education and productivity we have found some counterintuitive results: if the Percentage
of school absence among young people aged 5 to 16 increases by one percentage point,
ceteris paribus, the municipal value added will decrease by 0.3%. If the percentage of
cultivated area increases by 1%, ceteris paribus, the municipal value added decreases by
0.02%. Although it was assumed that education and productivity had a positive effect on
income, we observed that the effect was slightly contrary. This can be explained by the
nature of the variable used to measure income.
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6 Conclusion

Using a 3SLS approach that control for endogeneity problems, this study finds that
municipal value added is determined in part by the Electric Energy Coverage Index. We
also find that levels of education, health and agricultural productivity are largely
determined by access to electricity, both directly and through the intermediate impacts of
each variable. The magnitude and high significance of the impact of electricity on life
quality of people in dispersed rural areas creates a powerful argument in favour of the
importance of including energy in local development.
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1 Introduction

The growth of solar PV in residential sector had led to developments in regulations and
policies for grid integrated solar photovoltaic (PV). Under National solar mission, one of
the initiative of National Action Plan on Climate Change, the government of India (GOI)
has set up an ambitious target of installing 100 GW solar by 2022. Out of this 100 GW,
solar capacity of 40 GW is supposed to be achieved through rooftop PV. There are two
ways in which rooftop solar PV is often compensated; gross metering and net metering.
In net metering, the consumers are compensated based on prevailing retail rates and in
gross metering a fixed amount is paid for excess generation (PV generation is more than
consumption). The net metering policies are being devised in various states in India. State
electricity regulatory committees have designed state specific net metering policies by
defining, size of solar panel, compensation for excessive units generated and other
parameters [1]

Usually, while calculating consumer economics of PV, retails rates are assumed to be
increasing or constant [2]. The paper investigates the impact of various retail rates on
electricity bills of net metered consumers. In literature, there are studies which analyse
the impact of renewable penetration on wholesale electricity rates [3], [4]. Also, the
impact of retail rates on behind the meter PV generation is studied [5], [6]. The literature
to link wholesale electricity rates with retail rates and study of impact on net metered
consumers is sparse. Darghouth et al [7] and Darghouth [8], study various aspect of net
metering, retail rates and electricity market. In a study, Darghouth et al studies
uncertainty in future value of bill savings for three different factors: changes in PV
compensation mechanism, changes in electricity market conditions and changes in retail
rates for residential PV consumers [2].

In this analysis, wholesale prices are simulated using an energy systems model in which
energy only market is considered. The modelled wholesale rate is used to design retail
rates and calculate annual bills of net metered consumers. The analysis is first of its kind
in India to understand the consumer economics of PV based on wholesale electricity rates.
The analysis is based on underlying assumptions which may influence the results. The
scenarios designed for the analysis consider the prevailing guidelines for net metering
existing in different states in India. The results of the study would aid in policy design
and add towards literature for supporting renewables and smart tariff mechanisms in
India.

2 Data, Methodology and Assumptions

The state of Karnataka, in the southern part of India is considered for the present study.
The data of 97 residential consumers from a smart grid pilot project is utilized for the
purpose of bill calculation. The solar PV generation is simulated from PVWatts India for
the location considered in the analysis [9]. The average residential consumption load
profile indicates two peaks, one in morning and another in evening [10]. Also, there are
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a few consumers with distinct consumption patterns having variance in peak consumption
as compared to the usual morning and evening peaks [10]. The load pattern of a consumer
is of huge importance while calculating bills based on time variant retail rates.

The size of solar panel is calculated based on 90% of energy consumption of the
consumer as per guidelines provided by State Electricity Regulatory Commission
(SERC) [11]. The electricity bills of consumers is calculated after hourly netting with PV
for each retail type in both the scenarios.

The wholesale electricity prices are modelled using a unit commitment model based on
mixed energy linear programming optimisation. The wholesale market design is
discussed in detail in section 2.1. Retail rates are modelled using simulated wholesale
electricity rates as discussed in section 2.2. The net consumption of consumer is
calculated using simulated solar generation data. The bills of these net metered consumers
are calculated using designed retail rates.

1.2 1.05
1 1
0% 00
0.6 0.85
0.2 75
O T T T T T T T T T T T T T T T T =TT T T O -

FIAIIFPIIPIITITIIPSIS
SV AT @ OT T E S
Time
Solar Profile Residential Load Profile

Figure 1: Normalized annual average load profile of residential consumers and
normalized annual solar generation profile

Figure 1 exhibits the normalized annual average load profile of a residential consumer
vis-a-vis solar generation profile. It is observed that the peak of PV generation coincides
with low consumption of a consumer. This coincidence impacts the bill savings achieved
through PV in time varying retail rates. The peaks of generation and consumption are of
huge importance for consumer economics in time variant rates.

2.1 Wholesale market design

In the first step, wholesale electricity prices are modelled with an energy system model.
The optimization of the model is based on a mixed integer programming, thereby
minimizing the overall marginal cost of the electricity. The present energy mix is
considered for the analysis. The hourly load profile of 2015 of the state is considered for
simulation of energy system. The details of power plant like number
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Figure 2. Energy Mix of Karnataka

of blocks, efficiency of power plants and availability of power plants is also considered.
The marginal fuel cost of various fuels is included for the analysis. The generation profile
of solar and wind is used as input for the model.

It is observed from figure 2 that solar is less than 1% of total energy mix [12] and hence
there are policies from state government to encourage integration of solar in the grid.

As energy only market design is used, the marginal cost of generation of most expensive
plant sets the cost for that particular hour and assists other plants in recovering their fixed
costs. The model is designed to meet the supply demand with minimum marginal cost.

2.2 Retail rate design

Retail rates are designed using standard design rate principles with the simulated
wholesale prices. There are two components of retail rate: fixed charge per month and
variable costs. Fixed charge is same for all the months, for all the retail rates and variable
charges depend on the amount of units consumed. While designing retail rates, the criteria
of meeting the revenue of utility by residential consumers is taken into account. There
are four different retail rates considered for the analysis; inclining block rate, time of use
rate, critical Peak price rate and real time price rate.

Inclining block rate (IBR) is non dynamic rate design. It does not depend on the time of
consumption. This rate is not designed using wholesale price. IBR specified in the tariff
schedule of Karnataka for the year 2015-16 is considered for the present analysis [13].
In India, IBR is the most prevalent tariff rate for residential consumers. Time of use
(TOU) rate is a dynamic pricing mechanism based on the hour of the day. Time of use
rate is designed using simulated wholesale prices. Based on threshold value, 3 time
periods are designed with no period lesser than 3 hours. Off peak, mid-peak and peak are
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three periods, with lowest tariff rate in off peak period and highest tariff rate in peak
period.

Critical peak price (CPP) rate is a variant of TOU rate. Based on simulated wholesale
price, 15 highest price days are considered as critical peak days in a year. The critical
peak period can be for 8 hour maximum in a day. The tariff for all the other days except
for critical days is same as TOU rate. On critical peak days, the tariff for critical peak
hour is twice than that of normal peak price.

In real time pricing (RTP), the consumers are charged based on hourly wholesale rate.
The wholesale rates are not enough to recover the revenue; hence an adder is aggregated
to wholesale prices which is calculated based on the difference between required revenue
and revenue earned from variable charges.

2.3 Bill calculation

The hourly consumption of consumers is offset by hourly PV generation. The regulations
of net metering are considered while designing the size of the solar PV. The monthly bills
of net metered consumers are calculated for the four different retail rates. In IBR, the bills
are calculated based on increase in consumed units. In case of TOU and CPP, the
consumption in a period is aggregated for the month and multiplied by TOU rate. For
RTP rate, the hourly consumption is multiplied with the corresponding hourly retail rate
plus a volumetric adder.

The bills are calculated for two different scenarios. In the first scenario (Scenario 1), if
the exported units are more than imported units, they are settled in next month’s bill (that
is, monthly rollover is considered). For TOU and CPP, the excessive units in an hour at
the end of the month are adjusted in the same hour in the next month. In RTP, the
excessive units are carried forward on the next day in the same hour. Any remaining units
at the end of the year are forfeited.

In scenario 2, instead of rollover, the excessive units are compensated based on feed in
tariff (FiT) decided by the SERC. In this case, we have assumed Rs. 6.03 per unit [14].
In all the cases, the compensation is monthly. Table 1 enumerates comparison between
the two scenarios.
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Table 1: Comparison between scenario 1 and scenario 2
Scenario 1 Scenario 2

Monthly/ Daily rollover | No rollover of excessive units

of excessive units

No monthly Monthly compensation for
compensation excessive units, based on feed

in tariff of Rs. 6.03/kWh
Waived off excessive Settlement is done on monthly
units at the end of the basis

settlement period (a year)
Fixed monthly cost Rs. Fixed monthly cost Rs. 25

25
IBR
Monthly rollover. Bill Monthly settlement based on
based on net FiT.
consumption in a month.
TOU and CPP
Monthly rollover but Monthly compensation based

excess units are carried on fixed FiT in case of excess
forward to the same hour | generation, regardless of hour

of the next month of generation.
RTP

Daily rollover. Excess Compensation is provided

units are forfeited at the based on hourly excess

end of the year generation. The FiT remains
same irrespective of time of
generation

3 Results

The inclining block rate is based on tariff rate of urban residential consumers in
Karnataka. There are 4 blocks in IBR, in which the price increases in subsequent blocks
with increase in consumption of electricity. Based on a threshold value of wholesale
prices three time periods are designed. The off peak periods are from 01:00 to 07:00 hours
and 22:00 to 00:00 hours, mid peak is from 13:00 hours to 18:00 hour and peak periods
from 07:00 to 13:00 hours and 18:00 to 22:00 hours.

CPP is designed based on maximum priced 15 days in a year. Those 15 days will be
considered critical peak days and during rest of the days normal TOU rate is applied. CPP
days will have twice the peak prices during critical peak hours.
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Figure 3. Annual bill in scenario 1 and scenario 2

In RTP, hourly simulated wholesale prices with an adder is multiplied directly with
hourly consumption of a consumer, for calculating bills of a consumer.

Based on the designed retail rates, annual bill of net metered consumer is calculated.
Figure 3 plots the annual bills of net metered consumers under different retail rate
mechanisms. It is observed that, on an average, the annual bill is the least in IBR as
compared to other dynamic pricing mechanism, with maximum bill being realized in
RTP. The peak period of consumption is 07:00 to 10:00 hours and 19:00 to 21:00 hours
whereas the peak of PV generation is 11:00 to 13:00 hours. The peaks of consumption
and generation do not coincide, hence when the excessive units are carried forward to
same hour, it belongs to off peak period in time varying rates. The retail rate for off peak
period is the lowest, leading to lower compensation. This can be observed in figure 3.
Hence in TOU, CPP and RTP, which is based on the hour of consumption, the
compensation is less for net metered consumers. The time variant rates are beneficial to
utility as they assist in peak load management. But, as observed in scenario 1, IBR proves
to be the most beneficial to net metered consumers. TOU is more beneficial than RTP
because TOU and CPP get the advantage of increased PV compensation due to averaging
of wholesale prices in peak periods.

In scenario 2, reverse trend as compared to scenario 1 is observed. The feed in tariff is
more than average retail rate (Rs.4.8/kWh) in this case, and monthly compensation is
provided as opposed to monthly rollover as in scenario 1. Hence, the annual bill is bound
to decrease. The bill in IBR is maximum in this case with minimum in TOU rate. In time
varying rates, maximum PV generation is during time period when the consumption is
low, hence the accumulated units are more during off peak period at the end of the month.
As the compensation is fixed irrespective of time of generation, hence the compensation
achieved is quite high and annual bill is decreased.
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4 Discussion

Since IBR is prevalent among the domestic consumers in India, the present analysis is
futuristic. Time based rates exist for industrial consumers in India [10]. However, with
increased impetus to smart grid and increased installation of smart meters by the
government as well as private utilities, the possibility of introduction of alternative smart
tariff rates (time varying rates) for domestic consumers is increasing.

In scenario 1, IBR which is a non-time differentiated rate proves to be most beneficial.
Traditionally, it is considered that IBR does not send appropriate price signals to
consumers regarding peak hours. In scenario 2, it is observed that consumers with TOU
achieve maximum benefits whereas, they pay maximum bill in case of IBR. In IBR, bills
do not vary, as there is no time varying element, where as in TOU, CPP and RTP annual
bill depends on the load profile of the consumer along with the proportion of PV
generation during high priced periods.

The annual bills are lesser for consumers in non-time variant rates when net metering is
compensated based on retail rate and with the introduction of net metering with feed in
tariffs, time variant rates prove to be more useful. In scenario 1, the excessive units are
zeroed out at the end of the year, which reduces the average compensation per Kwh
generated. In net metering with feed in tariff, the compensation is more than average retail
rate, hence the time variant rates prove to be more beneficial. The PV generation during
off peak period keeps accumulating as it is more than the consumption of a consumer
most of the times, owing to the load profile. These units cannot be used for hourly netting
during other time periods due to the inherent feature of retail rate. Hence, the
compensation is more in scenario 2.

The net metering scheme of scenario 1 is more beneficial economically to utilities for
their financial viability. The increased installation of smart meters would open up avenues
for time varying retail rates. But as observed in scenario 1, it discourages consumers from
PV deployment due to less savings in annual bills as compared to time invariant varying
rates. The average compensation per unit is less as it is based on prevalent retail rates.
With higher feed in tariff compared to average retail rate, dynamic retail rates prove to
be a good option. This would serve the two-fold benefit of accepting time based rates and
also increased PV installation. In contrast, this would increase cross subsidy and also
burden viability gap funding of the government further. The distribution companies in
India are already financially sick and designing polices of this kind would further worsen
the situation. There is an increasing trend in gap between average cost of supply and
average realized revenue, which have worsen the financial stability of utilities [15]. This
also led to opposition from some utilities while forming a net metering with feed in tariff
policy. PV deployment trend depends directly on the financial benefits derived from it.

In scenario 1, based on retail rate, non-time variant rates might lead to increased PV
deployment but would deprive utility from achieving benefits of time based rates. In
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scenario 2 time based rates would prove to be more useful but would prove financially
infeasible to the utility. Hence, the design of policy is critical for benefits to consumers
without losses to utility. Increased deployment of PV would help government achieve
40 GW target of rooftop solar PV. This would also assist in reduction of CO2 emissions
along with economic benefits and advancing nation towards achievement of climate
change goals.

In future, retail rate mechanism would play a definite role in manoeuvring PV deployment
trend with regards to impact on consumer economics. The suitability of gross or net
metering is a debatable issue for the government and utilities. The introduction of time
based rates will further lead to revision of policies to be suitable for PV adoption.

The impact of increased solar penetration on retail rates will further impact the PV
deployment trend, as it may shift the peak periods and hence change time varying rates
drastically. This will further impact the compensation to net metered consumers and
hence affect the PV deployment trend in future. Also, the components of tariff like
demand charge, fixed charge or minimum charge will play a significant role in the bill
savings from solar PV.

4 Conclusion

In the research, it is observed that net metering leads to saving in electricity bills for the
consumers. Based on the policy of the state, the impact of different retail rates affect the
savings of the consumers. In absence of any feed in tariff for the consumer, rates which
do not vary with time proved to be more beneficial. This would encourage PV
deployment for consumers with flat rate or IBR and hence discourage implementation of
time varying rates which send proper price signals to the consumers. On the other hand,
net metering with feed in tariff, leads to increased savings to consumers with time varying
rates, but it also poses a question about financial viability of a utility. This mechanism
encourages PV deployment but also causes burden on government and utilities. Hence,
retail rate design would prove to be critical in future PV deployment trend, due to its
direct linkage with savings realized from PV.
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1 Introduction

Concerns about climate change and air pollution and demands for energy have further
increased the value of biomass energy [1]. The quest for renewable energy sources has
promoted many countries to include biomass power on their agendas as an alternative to
traditional fossil fuel energy [2]. Biomass presents many advantages that cannot be
obtained from other renewable energy sources, such as wind, solar energy, and water;
these advantages include larger benefits to local economic development, and less
intermittence and seasonality [3]. Rural China enjoys abundant biomass resources, which
are constituted primarily by agricultural residues, but not sufficiently utilized. Fully
utilizing straw in rural China is critical for both renewable energy development and
environmental conservation.

An urgent requirement in efficiently using crop residues is smoothening the operation of
biomass supply chains. A well-functioning biomass supply chain can ensure access to
sufficient bioenergy feedstock [4]. Yet most of biomass power plants currently struggle
with financial deficits because of the insufficient collection of biomass [5]. Biomass
supply chains have been studied from both qualitative [6] and game theory [7-9]
perspectives. Barriers to such chains have also been discussed [10-12]. The efficiency of
a biomass supply chain depends mostly on end-users’ willingness, and risk perception.
Farmers therefore play a critical role in ensuring the successful operation of a biomass
supply chain given that they form the starting point of a straw supply chain. With these
considerations in mind, this study categorized famers who supply straw to the chosen
industry area into three groups, namely, low-, medium-, and high-income groups. The
model of farmers’ risk perception of straw supply (FROSS) [13] was then used as basis
in conducting regression analysis for the comparison of risk perception among the
different farmer groups and for the development of concrete strategies that reduce risk
perception regarding the supply of straw to middlemen who serve as intermediaries
between biomass power plants and farmers (i.e., They purchase straw from farmers and
sell it to biomass power plants). The objectives of this study is to (1) explore the extent
to which farmers’ risk perception affecting factors could influence risk perception
regarding straw supply of farmers in three difference income levels; (2) propose strategies
with the derived idea of straw supply from the analysis of farmers in different income
levels.

2 Methodology

The survey was administered face to face to grantee high quality results. The
questionnaires were distributed to 300 farmers, and 275 valid questionnaires were
returned. Of the 275 respondents, 101 were low-income farmers, 96 were medium-
income farmers, and 78 were high-income farmers. This survey contained questions
about risk perception in relation to straw supply. These questions were presented to the
farmers not only to determine their perceptions and attitudes toward straw supply, but
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also to derive ideas that can serve as reference in the development of supply chain
strategies for farmers with different economic characteristics. The items that were
measured on a Likert scale were treated as continuous variable [15, 16].

Basic statistical and multivariate techniques were employed for data analysis, which was
conducted using SPSS 21.0. A multiple regression analysis was carried out to explore
how influencing factors can predict the risk perception of farmers having three different
income levels.

3 Results
3.1 Farmers in three different income levels

Wang and Watanabe [13] identified risk perception of farmers and determined its
influencing factors, after which they developed the FROSS model. The influencing
factors identified by the authors were policy guidance factors, economic factors, trust
factors and socio-demographic characteristic. The current research used the FROSS
model to identify the effects of aforementioned factors on the risk perception of farmers
with different income levels regarding straw supply. According to the National Bureau
of Statistic of China, the annual average income of low-, medium-, and high-income
farmers in rural China are $964, $1,386, and $2,728, respectively [14]. Our interview
with local government officials indicated, however, that farmers’ incomes are much
higher than annual average income provided by the Bureau. Each farmer owns a large
farmland, and most farmers secure part-time jobs in towns or cities during non-farming
periods, thereby doubling of their earnings. The local governor of this study site estimated
incomes to be US$2,756 for low-income farmers, US$4,919 for middle-income farmers,
and US$7,034 for high-income farmers. The differences among the respondents, were
examined by testing homogeneity of variance; the results showed unequal variances
among the three income levels (p=.000). A one-way ANOVA was also conducted, F (2,
272=147.538), p=.000, Mean Square=20.550. The Welch and Brown—Forsythe tests were
carried out to support the results (Welch test p=.000, Brown—Forsythe p=.000).

3.2 Risk perception and it influencing factors

Using the predictors in FROSS model as basis, we conducted a multiple regression
analysis to identify the specific factors that affect the farmers’ risk perception and assess
the extent to which these factors explain and predict risk perception regarding straw
supply (Table 1). Age, education, effects of government-provided economic incentives,
trust that middlemen will clear farmland at no extra cost to farmers, and a general feeling
of trust toward middlemen could predict the risk perception of farmers with low income.
All the significant factors explained 63.0% of the variance in risk perception, F (14, 86)
=13.187, Adj. R?=.630, p=.000. The beta weight of the medium-income farmers indicated
that only trust factors, trust that farmers will not be cheated, and a general feeling of trust
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toward middlemen significantly predicted the farmers’ risk perception. The result
explained 67.5% of the variance in risk perception, F (14,86) =15.105, Adj. R? =.675,
p=.000. Among the high income farmers, education, income, meager profit, loss
outweighing benefit, trust that farmers will not be cheated, and a general feeling of trust
toward middlemen were significant predictors. This finding explained 66.7% of the
variance in risk perception, F (14, 63) = 12.037, Adj. R? =.667, p=.000.

Table 1. Summary of results on factors affecting farmers’ risk perception regarding
straw supply.

Style Low income | Medium High

level (B) income level [income
(5) level (B)

Age -.142" n.s n.s.

Education —.152" n.s —.155™

Income n.s n.s —-.139"

Effects of| .168™ n.s n.s.

government-

provided economic

incentives

Meager profit n.s n.s 193"

Losses n.s n.s 176"

outweighing

benefits

Trust that| -.227" n.s n.s

middlemen will
clear farmland at
no extra cost to

farmers

Trust that farmers n.s —242™ -.231"
will not be cheated

A general feeling| —.196 -.364™" -.263™
of trust toward

middlemen

N 92 105 78
Adj. R? .630 .675 .667

F value 13.187™" 15.105™" | 12.037™

Notes: 1. Dependent variable: risk perception
2."p<0.1, ™ p<0.05, ™ p< 0.01
3. Only significant factors were listed (n.s = non-significant)
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4 Discussion

The main agricultural product in the study site is corn. As determined from the survey
and the FROSS maodel, for the low-income farmers, demographic characteristics, such as
age and education, were negatively related to risk perception and exert a significant effect
on risk perception regarding straw supply. This finding suggests that young people hold
a risk perception higher than that harbored by older people. Young farmers, especially
those earning low incomes, experience more life burdens, and are therefore more
concerned about their farmlands and the income that they can derive from selling straw.
In terms of policy guidance factors, only factor of effects of government-provided
economic incentives have influence on low-income farmers. This result is understandable
because low-income farmers prefer to earn more income from selling straw. Economic
factors (meager profit and losses outweighing benefits) served as predictors only among
the high-income group. Economic factors (meager profit and losses outweighing benefits)
served as predictors only among the high-income group. Because these farmers are
frequently in more contact with middlemen and have more experience in such
transactions. Correspondingly, they are burdened with more worries because they have
encountered more undesirable experiences. In terms of trust factors, a general feeling of
trust toward middlemen significantly affected the farmers in all the three income groups.
Trust that middlemen will clear farmland at no extra cost to farmers significantly affected
the low-income farmers, and trust that farmers will not be cheated significantly affected
medium- and high-income farmers.

5 Conclution and Policy Implementation

This paper has presented an exploratory investigation based on data obtained from a
survey administered to farmers living around a biomass power plant in China. The
research has provided empirical support for the long-held beliefs that farmers’ risk
perception is affected by economic factors, policy guidance factors, trust factors, and
demographic characteristic.

There are three policy implementations in this study. First, in the process of straw supply,
mitigating farmers’ risk perception is important to motivate farmers to cooperate with
middleman. Hence, farmers’ risk perception affecting factors play critical role in
mitigation of risk perception. To smoothen the supply chain, farmers’ characteristic,
policy guidance factors, economic factors, and trust factors are necessary to be
considered. Second, for farmers with low income, education is necessary to change their
conservative attitude towards straw supply. Trust is also an important obstacle for low-
income farmers to supply straw. Therefore, to build trust with farmers, middlemen need
to be more considerable to farmers. Third, for medium- and high-income farmers, trust is
particular important. Without trust, they would not take advantage of opportunities to
transact with middlemen. These implications indicate that realizing the smooth operation
of straw supply chains requires middlemen to change their strategy for building trust with
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farmers. Therefore, investigating risk perception of farmers with different income levels
is necessary for offering training to middlemen to further improve their relationship with
farmers.
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1 Introduction

Albeit the technological disruptions and innovations, increasing pollution and ecosystem
contamination continue to be pressing issues across the globe [1]. China’s rapid increase
in urbanization in the last three decades, for example, has resulted in burgeoning
environmental challenges in which air pollution is the number one problem [2].

Protecting the environment, therefore, is a serious concern that drives businesses and
governments today.

In recent years, there have been increasing pressures for institutions to measure and report
environmental impacts [3]. CO; is one of the greenhouse gas that is responsible for
globing warming. Burning fuels to provide energy for transportation, industry,
agriculture, commercial and residential properties, etc. is the main contributor to CO,,

Therefore, the issues that are related to energy, pollution and its related health and other
impacts have sparked considerable attention from e citizens, governments and a humber
of researchers.

China, a large greenhouse gas emitter, has surpassed the United States to become the
largest CO; emitter in the world. China now accounts for 25% of the world’s carbon
emissions [4].

In achieving this, the Chinese government has implemented a series of actions and
regulation to deal with climate change. For instance, in 2016, the Chinese government
announced China’s proposed 13™ Five-Year Plan [5]. To achieve the emission reduction
target, local pollution abatement should be implemented.

China, as one of the largest countries in area, experiences very different distribution
patterns of economic performance, energy consumption and population. Therefore, very
different behaviours can be expected of the provinces, sectors and regions.

Since the anthropogenic CO; emissions are highly related to socioeconomic activities,
such as GDP and urbanization, it is necessary to analyze the CO2 emission patterns
considering these factors as well. The interest will be to understand the dynamic changes
of energy usage and CO, emission in relation to the social-economic activities. Therefore,
a comprehensive analysis that considers carbon emissions and other factors will be
required to propose a proper policy, such as allocated national emissions by province, in
order to achieve the nation’s carbon emission target.

Finally, the expected outcome of the paper is help to understand the main drivers in long
term behaviour and different implementations strategies in order to promote feasible
policies, and suggest best practices looking at those implementations.
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2 State of the Art

The study from [6] explored the regional characteristics of inter-provincial CO, emissions
and the regional distribution of the reduction of emission intensity reduction in China by
K-means, Hierarchical clusters, and PSO-FCM clustering algorithms. The latter is a
method that uses the Particle Swarm Optimization(PSO) on Fuzzy-C means (FCM). To
differ from the previous traditional studies that divided China into eastern, central and
western regions, the aforementioned research examined how the regions correspond to
the divisions by economic developing level. Moreover, five indices, including total
emission, per capital emissions, CO, emissions per GDP (intensity of CO, emission),
CO; emissions per unit of energy and the proportion of industrial CO, emissions, have
been considered to characterize CO, emissions in China.

Research from [7] analyzed CO; emission levels due to energy production in cities in
China by DMSP/OLS night time light imageries and explored major driving forces to
propose feasible mitigation policies. A recommendation is made to reduce the growth
rate of CO, without compromising economic development by optimizing the industrial
structure of technology intensive areas and improving energy efficiency in other areas.

The study [8], on the other hand, compares transport development and energy use with a
focus on CO. emissions in the EU15 countries. Three aspects that are related to energy
and emissions were examined.. They are, immaterialization, dematerialization and
decarbonization. Immaterialization refers to the reduction in energy and transport
intensities, and can be measured by the indicator (energy/GDP). Dematerialization was
defined as the reduction of carbon intensity of energy production and the carbon intensity
of transport (COz/energy). Decarbonization is the reduction in carbon of the whole
economy. It can be seen as a link between immaterialization and dematerialization, and
is measured by the carbon intensity of the economy (CO,/GDP). This study groups EU15
countries based on each of three aforementioned indicators in order to establish different
patterns. The limitation of this study is that it lacks a statistical analysis to identify the
main influential factors in each group.

A special Impact of Human Activity on the environment (IPAT) identify case that reveals
the importance of distinct components or factors in the historical data of energy related
CO; emissions, has been widely utilized in many studies [9]. It is often called KAKY
identity. This research separates urban emissions into four components (emissions from
primary, secondary and tertiary industry and residential areas) to obtain the result of the
interactions among 13 macro influential factors. Thirty provinces in China were ranked
on the basis of historical data of those macro factors. Shapley value decomposition has
been used to identify the key factors with a result that the related policy control was
promoted.
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The main limitation of the existing arrangement is that it lacks a dynamic view to reveal
the changes in China’s energy usage and CO; emissions, or fails to use modelling to
identify the main important factors for different dynamic indicators.

To bridge the identified gap, this study aims to analyze dynamically the patterns of energy
usage and CO; emissions at the provincial level by utilizing the indicators,
immaterialization, dematerializaion and decarbonization. The study will cover thirty
provinces in China, and will include the four largest megacities in the analyses, which
have provincial status in China based on the Chinese political and administrative system
(see Figure 1).
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Figure 1. Provincial Map of China
3 Methodology

All data were obtained from the Chinese yearbook, including energy usage for each type
and province, GDP and urbanization for each province.

This study focuses on the ninth, tenth, eleventh, and twelfth Five Years Plan (FYP), which
were for 1996 to 2000, 2001 to 2005, 2006 to 2010 and 2011 to 2016 respectively.

Due to lack of CO, emission statistics in China, CO, will be calculated by the types of
energy and their corresponding CO, emission factors that are provided by the
Intergovernmental Panel on Climate Change(IPCC) [10].

This approach was adopted by most of the existing studies [6], [7]. The CO2 conversion
for each province (j) was calculated by means of Equation (1).
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2N KE; (1)

(Coz)j =1

where K; reflects the conversion factor for energy E;. In this work 18 types of energy have
been considered (see Table 1). The cumulative effects will be given by the summation by
province.

Table 1. Energies and Conversion Factors

Energy Type K factor

Raw Coal 2,69
Cleaned Coal 3,09
Other Washed Coal 1,98
Briquettes 1,55
Coke 3,14
Coke Oven Gas 0,93
Other Gas 0,88
Crude Oil 2,76
Gasoline 2,26
Kerosene 2,56
Diesel Oil 2,73
LPG 1,75
Refinery Gas 2,98
Natural Gas 2,09
Other Petroleum Products 2,76
Other Coking Products 3,14
Other Energy 2,74

Using the annual GDP, energy consumption and CO; consumption data, the
immaterialization, dematerialization and decarbonization per province are identified by
equations (2-4).

Immaterialization = —22"221 @)
GDPy;~GDPy,

Dematerialization = {£2y2=(C02)y1 3)
Eya—Ey1

Decarbonization = %22~ (02)y1 4)

GDPy,—GDPyq

The approach adopted in this paper was to cluster different indicators per province by
considering the outcomes from different periods. The acronyms for those provinces are
presented in Table 2. Two different cluster technologies were used in order to compare
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the findings. Agglomerative hierarchical clustering and Mixed Gaussian based models
were considered.

Table 2. Acronyms per Area

Area Name Acro- Area Name Acro-nym
nym
Bei Jing BJ He Nan HN
Tian Jin TJ Hu Bei HuB
He Bei HeB |Hu Nan HuN
Shan Xi ShanX |Guang Dong GD
Inner Mongolia IM Guang Xi GX
Liao Ning LN Hai Nan HaiN
Ji Lin JL Chong Qing CQ
Hei Long Jiang HLJ |Si Chuan SC
ShangHai SH Gui Zhou GZ
Jiang Su JS Yu Nan YN
Zhe Jiang Z) ShannXi ShannX
An Hui AH |GanSu GS
Fu Jian FJ QingHai QH
Jiang Xi JX NingXia NX
Shang Dong SD XinJiang XJ

4 Results
Figure 2 shows the 15 provinces that had the highest CO, emission volumes in 1996,

2001, 2006 and 2011. In 1996, CO, emission volumes of all provinces were below
25000kT. HeB, JS, LN and SD are the provinces with the highest CO, emissions.
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Figure 2. Highest CO; levels in China (1996-2011)
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From 1996 to 2001, the increase in CO, emissions was minimal. Some provinces, like
HN, JL and SC, showed a downward trend in CO emissions. Since 2001, the growth in
CO2 emissions has become very notable. CO, emissions rose in some areas such as HeB,
HuN, IM, JS and SD. In SD province, they had more than doubled to 61250kT by 2011
from 25000KkT in 2006. In 2011, IM province experienced the severest CO2 pollution with
more than 12500kT, followed by SD and HeB, with approximately 7500KT.
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Figure 3. GDP trend for some provinces.

Figure 3 shows the GDP values of the provinces in China that have the highest CO; levels.
These provinces are GD, HeB, HuN, IM, JS, LN, SD, and ZJ. GD is the area in which
GDP values increased most notably during this period, from 800 billion (RMB) in 1996
to more than 5000 billion in 2011. IM grows its economy more slowly than the other
seven areas, even with highest CO, emissions. It can be seen that, the economy of these
provinces grew slowly before 2002, but rose considerably afterward. Figure 2 and Figure
3 both show that the most pollutant province might not be the most developed ones in
China (For example IM). Meanwhile, a province like ZJ could have a higher GDP, but
relatively low CO- pollution.

Figure 4 shows the energy consumption structure in year 2012 in China. Raw coal (66%)
was still the main energy source in China until 2012. It is followed by cleaned coal and
crude oil, which accounted for 9% and 7% of total energy consumption respectively. It
clearly demonstrates that the clean energy was not widely used before 2012.
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Figure 4. Structure of China’s Energy consumption in 2012.

In regards to the results based on the three indicators (i.e., immaterialization, demateria-
lization, and decarbonization), it is necessary to remember that, in China, the central
government usually determines the high level policies and the local governments’ or city
governments are responsible for their implementation.
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Figure 5. Results for immaterialization indicatérs.Top: Hierarchical and bottom:
Gaussian clusters.

Because of such distribution of responsibilities, it is important to understand the
characteristics of provinces with similar behaviour and different indicators, in order to
design effective policies to reduce emissions.

Figure 5 shows the agglomerative hierarchical and Gaussian mixed clustering models
based on indicator immaterialization (A(energy/GDP)). Based on Gaussian mixed
modeling, the provinces of JX and CQ are grouped in cluster one. LN, JL, HN, SC,
ShannX, GS, and XJ belong to cluster two. Cluster three includes ShanX and GZ, whereas
cluster four contains only IM. The rest of the provinces are clustered together.

The discrimination patterns of the energy intensity (immaterialization) among clusters
probably result from the industrial structures’ changes from low-energy, intensive
industry to high-energy, intensive industry or the reverse. One of the measurements that
discriminate the industrial structures is the investment in each type of industry, as well as
the usage patterns of various types of energy [8].

The change of energy against of GPD could reflect both material production and
consumption from economic production [8]. It reveals that the energy intensity
A(energy/GDP) decreased during the three periods for the most provinces, except the 9™
FYP for CQ and JX, the 10" FYP for HN, FJ, SD and YN, 11TH FYP for IM and HB.

As mentioned before, no matter which clustering methods are used in this study, CQ and
JX are grouped together. The pattern in this cluster is characterized by considerably
increasing energy intensity in the first period, a decreasing trend in the second period and
a slight changes in the third period. This is probably due to the energy consumption
structure of these two provinces.
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Indicator dematerialization A(CO-/energy) can reflect the environmental harm from
material production. Based on this indicator, the provinces are separated into three groups
according to BIC. CQ and JX belong to one cluster, whereas NX and ShannX are grouped
together. The remaining provinces are in the same cluster.

In Figure 6, there are considerable changes in provinces CQ, JX, NX and ShannX. CQ
and JX reduced their carbon intensity of energy production A(CO2/energy) significantly.
Therefore, the notable increase of A(CO2/energy) in the first period for the two provinces
is probably due to the increasing raw coal consumption. The reason for the pattern of
CO2/energy should be the same as CQ and JX. Conversely, these two aggregated
provinces reduce the raw coal energy consumption percentage in the first period, but
increase it in the second period.
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Figure 6. Clustered dematerialization indicator by provincial level.
5 Conclusions

In this study, the provinces in China have been clustered by immaterialization,
dematerialization and decarbonization indicators in order to understand the similar
pattern in the same cluster, and the different patterns among the clusters. For each of the
indicators, two extremely disparate clusters and their possible driven factors were
analyzed and discussed. Although the work is underway, some preliminary results can be
summarized as follows:
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e The provinces in China have been grouped based on three indicators
(immaterialization, dematerialization and decarbonization) that are
characterized as dynamic representations of the interaction among the energy
usage, CO; emissions, and GDP.

e From the description analysis, the driving factor for immaterialization could
be related to the added value of primary, secondary, and tertiary sectors. For
dematerialization, the influencing factor could be related to the changes in the
raw coal usage.

e Other factors such as the changes in urbanization rate cannot be connected at
the present time with the indicators.

The research is underway to increase the level of explanatory relationship between
indicators and aggregated behaviour. The greater the knowledge, the better will be the
help to decision makers that can be provided.
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1 Introduction

Public District Heating (PDH) systems in Serbia provide services for about 30% of
households on the territory of the Republic of Serbia. In 2008, consumption energy
sources in these systems was about 7,108 GWh with the share of natural gas by 67%,
liquid fuels of 19% and coal 14% [1]. The share of thermal energy in final energy
consumption for energy purposes in 2015. amounted to around 8.77% [2]. The total
emissions of greenhouse gases that attributable to these systems amounted to about 2.0
million tonnes of CO2eq per year.

Basic features of the PDH sector in Serbia are: a mix of fuel to be used largely depends
on the terms of payment and liquidity of companies whose operating in the PDH sector;
non-optimized distribution and delivery of heat in Serbia is one of the problems that affect
on the inefficiency distribution and delivery of heat; losses in the distribution of thermal
energy are also due to the poor state of the distribution network with a large water leaks
and insufficient insulation; 48% of the distribution network is older than 20 years.

The Republic of Serbia has signed the Convention on Climate Change (UNFCC) in 2001
and ratified the Kyoto Protocol as hon-Annex | country in 2008. As a candidate country
for accession to the European Union (EU), Serbia assumed the obligation to apply
European standards concerning the living environment and in the energy sector. Even
30% of legislation that needs to be adapted to EU standards is related to energy sector
and environmental protection. It provides the opportunity to contribute to the reduction
of GHG emissions, increase energy efficiency, gradually implement the principles of
sustainable development, and reduce the local pollution of the environment.

According to the strategy in the energy sector [1], should be realized through
implementation of the following measures:

a) Increasing energy efficiency of heat distribution systems. EU Directive on
energy end-use efficiency and energy services adopted in 2006 has set a 9%
energy efficiency improvement target for the period 2008 — 2016.

In addition, EU energy climate package ‘“20-20-20” has defined an objective to
achieve 20% energy efficiency increase by 2020;

b) Introducing contemporary technical solutions characterized by highly efficient
performance;

c) Decreasing specific energy consumption by introducing heat consumption
metering and payment for the energy actually consumed, together with energy
efficient building design solutions;

d) Further substitution of coal and heavy oil with natural gas and renewable energy
sources, primarily biomass. Nowdays, the energy scenarios have planned to
fully utilize renewable energy technologies in municipal facilities [3].
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A techno-economic assessment of renewable energy sources (biomass) and their use for
combined heat and power generation in Serbia was presented in [4], defining
characteristics of Serbian renewable energy potentials and their utilization in
decentralized energy generation.

The multi-criteria analysis was applied to estimate the sustainability of the various energy
system options and scenarios [5] taking in account technical, economic, environmental
and social impacts.

2 The Energy Scenarios

Since 2000, the consumption of fossil fuels in district heating systems has grown from
year to year [6]. In this same period, there was a significant increase in the use of natural
gas and to decrease the use of coal and oil derivatives. In 2000, the share of natural gas
in the PDH system amounted to 56.7%, while in 2015 it amounted to 74.7%. The use of
energy from renewable energy sources in district heating systems in Serbia is negligible
so that it is only amounted to 0.3% in 2015 [2].

Strategic directions of the PDH sector are: continuous upgrading of existing heating
systems, the expansion of existing district heating system, increasing the energy
efficiency in the production, distribution and utilization of heat energy, the promotion of
new energy systems which lead to decrease share of liquid fuel and coal; greater use of
biomass and renewable energy sources, the use of municipal waste in the production of
thermal energy and the combined production of heat and electricity.

Total heating surface area of buildings (residential, commercial and institutional) which
is connected to the district heating system, in 2015 amounted to about 12.5% of the total
floor building area of 315,000,000 m?, i.e. 39,375,000 m? with an average specific heat
energy consumption of 180 kwWh/m?, and the surface of commercial and public buildings
that are connected on the district heating system was approximately 19% of the total
heated surface in the PDH sector, that is 7,481,250 m?2.

Based on the available data [1], almost 14% of the total heating area use electricity for
heating, primarily due to low electricity prices comparing in the price of final energy
from liquid and gaseous fuels. In the Republic of Serbia, primary production of electricity
obtained from lignite-fired power plant with total efficiency of energy transformation
process of 0.33 and high transmition and distribution loses. This high residential
electricity consumption for space heating is accompanied by high GHG emissions in
energy generation sector.

Assessment of growth of housing in Serbia in 2050 is presented in [7]. Based on this
assessment floor area buildings will grow 1.0-1.4% in the period from 2015 to 2030, i.e.
1.4-1.7% between 2030 and 2050, so that the estimated total building floor area in Serbia
will amount to 329,660,000 m? and 343,260,000 m? in 2020, respectively 2025. If take
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into account the price of energy policy and commitments of the Republic of Serbia in
reducing emissions of greenhouse gases, to assume that by 2030, the proportion of the
housing stock thatis heated to a district heating system will increase from 12.5% in
2015 to 14.5 % in 2020 and 16.5% in 2025. While the heating surface area in the public
and commercial sector, which is connected to the district heating system remained at 19%
of the residential area to be heated by district heating system.

PDH sector analysis has done for base and three alternative scenarios. Base scenario
(BAU- 'business and usual’) relates to the assumption that thermal energy demand will
increase by

10% till 2020 and 15% till 2025 compared to 2015, while the fuel mix will remain
unchanged. In all the alternative scenarios, thermal energy demand from PDH sector
remains the same as in the BAU scenario, while the fuel share is changed from one
scenario to the other:

Table 1. Projection of energy consumption in PDH sector according to different scenarios

Total Liquid Solid Natural RES Heat

Year/Scenario | energy fuel [%] | fuel [%] | gas [%] [%] from

[TJ] TPP

[%]

2015 27,215 13 12 74.7 0.3 0

2020 - BAU 29,934 13 12 747 0.3 0

2025 - BAU 31,297 13 12 747 0.3 0
2020 - | 29,934 13 12 53 25 19.5
2025 - | 31,297 13 12 50 5 20

2020 - 11 29,934 87.7 11.9 0 0.4 0

2025 - 11 31,297 87.7 11.9 0 0.4 0

2020 - 111 29,934 13 0 65 22 0

2025 - 111 31,297 13 0 53 34 0
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Table 2. Projection of GHG emissions according to different scenarios

GHG
Year/Scenar | emission [t]
io CO; CHs | N2O | NOx | NMVO | C | SO; CO2q
C )
2015 2,079,0 | 34.22 | 8.71 | 4,735 136 52 | 7,620 | 2,082,4
00 5 51
2020 - | 2,286,6 | 37.63 | 9.58 | 5,206 149 57 | 8,380 | 2,2904
BAU 50 7 46
2025 -1 2,391,3 | 39.35 | 10.0 | 5,445 156 60 | 8,760 | 2,395,3
BAU 30 2 3 00
2020 - | 1,811,2 | 31.15 | 8.93 | 4,234 117 44 | 8,380 | 1,814,6
20 7 60
2025 - 1 1,831,7 | 31.72 | 9.25 | 4,300 118 45 | 8,760 | 1,835,3
80 1 30
2020 - 11 3,660,5 | 132.1 | 30.7 | 9,643 232 71 | 30,73 | 3,673,0
50 3 2 4 0 08
2025 - 11 3,827,6 | 138.1 | 32.1 | 10,08 243 74 | 32,12 | 3,840,6
00 6 2 3 7 0 26
2020 - 111 1,747,0 | 31.18 | 4.29 | 3,710 117 44 | 3,900 | 1,748,0
11 7 92
2025 - 111 1,556,9 | 28.81 | 4.10 | 3,302 103 39 | 4,080 | 1,558,9
65 3 07

o The first alternative scenario (I). The largest heating plant in Serbia, which supplies
water for heating in winter and hot water in the summer period the city of Belgrade, is
the Plant Belgrade’s which annually consumes about of 300,200,000 m? of natural gas,
45,836 tons of residential oil and about 9,600 t of pellets. At 60 km far from Belgrade
there is TPP Obrenovac with installed capacity of 1,522 MW boilers. To reduce energy
dependency rate and net imports, the construction of hot water pipeline from TPP
Obrenovac to Belgrade that supplied Belgrade city with thermal energy by the year 2020
is considered. It was estimated that will be saved 150,000,000 m? of natural gas per year.

* The second scenario (II). Second scenario represents a hypothetical case assuming that
the total amount of natural gas is substituted by liquid fuel. This situation is almost
happened when natural gas supplies are cut-off in winter 2008/2009 due to Russia-
Ukraine crisis.

* The third scenario (I1I). In 2015, the energy consumption of renewable energy (biomass)
accounted for 0.3% of total energy consumption. In this scenario is considered to increase
the use of renewable energy with a share of up to 34% (biomass, solid recovery fuels,
solar and geothermal energy) in 2025, with a reduction of natural gas use and completely
eliminating the use of coal.
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Table 1. presents projection of using fossil fuels and renewable energy sources in the
PDH sector for different scenarios. Calculations of GHG emissions for 2015, 2020 and
2025 years were performed according to the IPCC methodology, with results were
obtained and presented in Table 2.

3 Selecting Criteria and Indicators for Assessing the Sustainability

This paper describes different scenarios for thermal energy generated from DHS in
Serbia. In the long term settings decision, sustainability of district heating system was
estimated with methodology which used for support in decision making process. Selected
criteria for assessing the sustainability of this complex energy system

Table 3. Economy sub-indicators

5 Y Irca Ircz Irca Ircs Iecs Ircs

Scenario ﬁ é%- | Bws - GWh
KWhm? | .+ | kWhim? | EUR EUR USD

'‘business- | 2015 | 1 19215 256.20 143.59 339,237 840 453,946,200 1.489
asusual' | 2020 | 2 174.09 22142 13011 379,384,376 507,620,772 1423
2025 | 3 153.62 201.79 114.80 409,634,946 548,135,658 1.280

Scenario | 2020 | 4 174.09 11998 37.76 110,108,294 391,117 644 1423
I 2025 | 5 153.62 108.02 37.46 133649334 435,028,300 1.280
Scenanio | 2020 | 6 174.09 37347 152.64 445,062,710 915,381,720 1423
II 2025 | 7 153.62 38943 13468 480,549,132 1.131.073.580 1.280
Scenario 2020 | 8 174.09 271.61 16.98 49,500,402 915,381,720 1423
I 20251 9 153.62 284 58 3343 119270340 1,131,073 580 1.280
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Table 4. Social sub-indicators

Iso1 Iso2 Isos3 Isos4
Scenario 5 5

> & | kwhhh | kwhhh | % %

'business-as 2015 1 12.30 0.045 9.2 67
usual 2020 2 11.14 0.041 6.5 63
2025 | 3 9.83 0.037 4.9 58

Scenario 2020 4 11.14 0.482 35 63
' 2025 | 5 9.83 0.850 2.6 58
Scenario 2020 | 6 11.14 0.041 | 111 58
I 2025 | 7 9.83 0.037 9.4 52
Scenario 2020 8 11.14 3.025 8.1 71
i 2025 | 9 9.83 4.128 6.9 72

Table 5. Environmental sub-indicators

) g Irvg Iens I Trmy
Scenario B 8

= & | kekWh | kg/kWh kg/kWh ko/kWh
‘business- | 2015 1 0.275 6.259E-04 1.007E-03 1.79306E-05
as usual' [ 2020 2 0.275 6.256E-04 1.007E-03 1.79266E-05
2025 3 0.275 6.258E-04 1.007E-03 1.79308E-05
Scenario | 2020 4 0.407 9.52E-04 1.88E-03 2.62517E-05
1 2025 3 0411 9.64E-04 1.96E-03 2.64245E-05
Scenario | 2020 6 0615 1.62E-03 5.16E-03 3.89758E-05
II 2025 7 0.619 1.63E-03 5.19E-03 3.92499E-05
Scenario | 2020 8 0.293 6.23E-04 6.55E-04 1.96031E-05
Il 2025 | 9 | 0252 | 534E-04 | 660E-04 1.67009E-05

(DHS) reflect the following aspects: economic, social and environmental. Also, the
criteria should be based on the time information and should present a strategic vision.
This research analyse set of indicators for nine options which were defined in 'business-
as usual' scenario as well as the in two alternative scenarios for 2020 and 2025 (Table 3-
5).

Criteria indicate the quality of selected option within the limits of indicators. They should
be designed with indicators which can be measured and which are applicable as the
physical parameters. Indicators present the information that can be obtained in a suitable
quantitative or qualitative manner.
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However, in this paper economic, social and environmental criteria are introduced in
order to overcome the randomness in the sustainability assessment of an energy options
for different scenarios. This paper shows that formed indicators numerical expressing the
essential character of options. For each indicator, sets of sub-indicators are calculated.
This means that indicators for certain criteria shows quantitative values and parameters
(input date) of mathematical model for computing the sustainability index. In order to
analyze the sustainability of the chosen options, in this paper six economic and four social
and environmental sub-indicators are selected, defined and computed. In Tables 3-5
calculated values of sub-indicator sets within each of the analyzed indicators are
presented. On the basis of a number of statistical data, data from the literature as well as
the estimated values, the following sub-indicators values are calculated: a) Economic:
specific thermal energy consumption per unit heating surface area leci(KWh/m?); specific
costs for home heating per household member, lec2(EUR/hhmb); the maximum expected
potential to reduce the consumption of heating energy from gas production
per unit heating surface area, Iecs(kWh/m?); the maximum expected potential to reduce
the cost for heating by reducing the amount of gas and introducing renewable energy
sources, leca (EUR); total costs required for the production of thermal energy, lecs(EUR);
the thermal energy generation by GDP, lecs(GWh/USD); b) Social: specific thermal
energy consumption per household, Isoi(kWh/hh); usage of renewable energies per
household, Iso2(kWh/hh); share of space heating cost in household revenue, lsos (%);
energy supply security, lsos(%); ¢) Environmental: carbon-dioxide emissions per energy
production, len1 (kgCO2/kWh); sulfur-dioxide emissions per energy production, lenz
(kgSO./kWh); nitrogen-oxide emissions per energy production, lens(kgNOx/kWh);
emission of non-methane volatile organic compounds per energy production, lena(kg /
kwh), [5-15].

4 Determination Index of Sustainability and Analuze Options for Scenarious
Until 2025

For estimating the sustainability of selected options and calculating index of
sustainability (IS), ASPID (Analyse and Synthesis Parameters under Information
Deficiency) multi-criteria method is used. This procedure is based on 'the fuzzy set
synthesis technique', which represents the mathematical system to support the decision
process and it useful for treating vague information and uncertainty.

Index of sustainability use as an evaluative tool, most popular and quantitative tool
(generally) that analyses changes, monitor and measure of sustainable development and
communicate progress towards sustainable development. Its purpose is to show how well
a system is working towards the defined goals. Equal 1 show how to get IS on the second
level of calculation which includes pre-defined constraints that represent non-numerical
information about interrelation between criteria. Also, synthesis function for index
sustainability calculation is used.
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This study has proposed and analysed three cases when economic, social and
environmental indicators have important [16-18]. Figure 1 shows ranking list of options
for Case 1 where economic indicator and sub-indicators of specific costs for home heating
have priority. At the top of the priority list the most sustainable Options 3 and 5 are
placed. Depending on the weight assigned to criteria for Case 2, social indicator and sub-
indicator of share of space heating cost in household revenue, Option 3 and Option 9 have
highest index of sustainability, Figure 2. Given equal weighting of economic and social
criteria and priority to environmental dimension (sub-indicators of sulphur-dioxide
emissions and nitrogen-oxide emissions per energy production), for Case 3 in Figure 3,
the best level of sustainability have Option 3 and Option 9 as in previous case.

CASE 1
lec>lso= len

lec (lec2>lecs > leca = leca™> lece= lect) > Iso (Iso1= lso2> Isoz > Isos) = len (Ient™> len2=
lenz> lena)

Legend:
e [S+SD
Probability
1.
+
09
0.74
0.6 + !
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Figure 1. Priority list of options for Case 1
CASE 2
Iso>lec= len

Iso (Isos >ls02= Iso1 > Isos) > lec (lecs>lec2 > leci = lece™ leca= lecs) = len (Iena= lena™>
lens> lenz)
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Figure 2. Priority list of options for Case 2

CASE 3
len >lso= lec

len (Ien2= lens™> lent™> lena) > Iso (Iso2 >ls01>1s03 = Isos) = lec (Ieca=lecs> leci >leco=lecs=
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Figure 3. Priority list of options for Case 3
5 Conclusion

Gas is the main source for the production of thermal energy in RS but because ever-
present possibility of gas crisis, the lack of domestic coal due to possible floods and
environmental pollution and unsustainable price of fuel oil, alternative scenarios that
were analyzed in this paper provide renewable sources (SRF, biomass, solar and
geothermal) to thermal energy production.

To assess the sustainable development of district heating systems, as a complex energy
system, to 2025 in the Republic of Serbia, the paper considers nine options for several
scenarios. The first option is to use 'business-as-usual' scenario that examines the
consequence of continuing current trends in heat energy production technology. The data
show that the heat energy produced in district heating systems in the RS in 2015 obtained
from the gas of 75% and residual fuel oil of 13%. It is noted that in relation to 'business-
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as-usual' scenario, share of gas decreases to 22% or 10% in Scenario | and Scenario Il1.
Scenario 1l does not predict gas consumption and the largest part of thermal energy
production comes from the residual fuel oil. Reduction of gas consumption is replaced
by the thermal energy from the thermal power plant (Scenario 1) or introduction of RES
in Scenario I11.

The results of this research illustrate use of multi-criteria method and promote the quality
of evaluation the most sustainable energy options according to different aspects of
sustainability. For all of cases option 3 is perfect ranking option (‘business-as-usual’
scenario for 2025), and for Case 3 and Case 2 Option 9 (scenario 111 of 2025) has highest
sustainability. Also, for all cases, Option 6 and 7 (scenario Il for 2020 and 2025) have
very low sustainability and are placed on the bottom of the priority list. The established
methodology can help policy makers in finding future decisions in selection of district
heating system.
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1 Introduction

Transport is the largest energy-consuming sector in the EU-28, with a 33% of the share
of total final energy consumption [1]. The European Commission has set the ambitious
goal of CO2-free city logistics by 2030 [2]. This does not only call for public policy
actions, but for a shift in the paradigm of policies. Over 80% of the European population
will live in cities by 2050 [3], therefore urban freight issues need to be tackled not only
from the perspective of the city logistics but also from the perspective of the “Functional
Urban Areas” (FUAS).

FUA takes into consideration transport in the (and between) urban centres and the
pending surrounding urban territories, because of their close regional economic relations.
For achieving sustainable territorial and economic development FUAs are put in the
political focus of the EU.

To solve the problems of urban mobility holistically, European Commission launched the
concept called “Sustainable Urban Mobility Plan” (SUMP). The concept refers to an
innovative planning approach, which structures the steps of mobility planning in urban
contexts and guides authorities towards a more comprehensive and sustainable approach
in developing their mobility plans [4]. According to the European Commission [5], a
Sustainable Urban Mobility Plan is a strategic plan designed to satisfy the mobility needs
of people and businesses in cities and their surroundings for a better quality of life. It
builds on existing planning practices and takes due consideration of integration,
participation, and evaluation principles. The ELTIS guidelines developed by the
European Commission described in detail the SUMP concept and its development phases

[4].

With the new concepts of European Commission also freight mobility becomes an
important issue. In the existing concepts, freight transport is addressed only partially, and
for that reason, the idea of Sustainable Urban Logistics Plans (SULP) has been launched
[6]. SULP can stand as a separate document or can be considered as a part of the existing
SUMP.

In the period before this initiatives, cities have adopted diverse documents covering the
urban freight problems. Logistics/mobility planning issues can be found in different cities
in different documents on different levels. The main aim of this paper is to review existing
documents and measures in a panel of European cities to understand the level of
implementation of sustainable mobility/logistics measures, which have an enormous
impact on energy consumption and CO2 emissions.

2 Methodology for the Analysis

The analysis is focusing on city mobility/logistics documents of the chosen European
cities in order to find out their main contents, governances and development processes.
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For the analysis of the state of the art, the bottom-up approach was used. Based on that a
categorization of documents and types of measures was performed.

The methodological concept is shown in the figure (1) below.

( A. First selection of cities according to dimensions and )
| complexity

" =
B. Information sources identification and screening

+ vy

% N

C. Overview of logistics and mobility planning in 129
L selected cities

v

s N
D. Reducing the cities panel with the focus on the
most interesting cases

[ Selecting 32 cities with well developed policies
- Detailed reviewing of plans and measures

v

- Mapping 158 logistics measures

- Selecting the 58 most interesting measures

- Merging measures into 18 homogenus types
| - Selecting 12 for detailed analysis

. V . /
v

E. Detailed analysis and benchmark of measures

-

Figure 1. The methodological steps

In the first step (A), cities have been selected according to their dimension and
characteristics. The main aim was to take into consideration as a diverse sample of cities
as possible (continental cities, cities with rivers where inland navigation is possible and
cities at the coast). In addition to that, the focus on the analysis was not only in city centres
but to a wider territory aspect of Functional Urban Areas (FUAs), which consists of the
city core and its commuting zone [7]. Considering that aspects 129 cities (shown on the
map/figure 2 below) have been identified and selected for the analysis.
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Figure 2. The baneinéf cities

After identification of cities, the main aim was to identify information sources (B) of
planning documents containing logistics topics (policies, measures). This step is very
difficult and time-consuming because documents containing this kind of information are
very versatile and fragmented.

To map and analyse logistics planning and low carbon mobility measures, two types of
sources have been selected:

- the institutional websites of the selected cities, as the primary source of
information concerning their logistics planning activities (for the sake of
brevity web page addresses are not included in the list of references);

- thematic websites and documents concerning SUMPs, urban logistics and
SULPs, among which: ELTIS [8], 2MOVE2 [9], ADVANCE [10], BUMP
[11], CHALLENGE [12], CIVINET [13], DO THE RIGHT MIX [14],
DYN@MO [15], ECOMOBILITY SHIFT [16], ENDURANCE [17], PUMAS
[18], SOLUTIONS [19] and TIDE [20].

Based on the identified information sources the mobility planning documents were
mapped and preliminarily reviewed (C).
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In this process, we identified the existence of:

- SUMP or mobility planning documents,

- documents that include logistics measures (specific logistics actions) in
mobility planning and

- the presence of a logistics plan (the comprehensive process of planning
logistics and related measures at urban level).

In the next phase (D) the panel of cities was reduced to 32 cities with well-developed
logistics planning documents and measures. In these cities, we identified in total 158
measures. These measures were reviewed in detail to identify 58 measures which could
represent best practices and for which enough data were available. For an in-depth
understanding of identified measures various sources of information has been used:
Stathopoulos et al. [21], Browne et al. [22], Giuliano et al. [23], BESTFACT [24] and
CITYLOG [25].

The 58 measures were finally grouped into 12 measures typologies that have been
selected for detailed analysis. The main driver for final selection of measures was to
include types of measures that could be applied not only to the city centre but also at
wider City / FUA level.

Finally, the measure types were qualitatively benchmarked with reference to:

- The category of measures type.

- The territorial level of applicability: City centre, Specific city areas in the
FUA, overall City / FUA.

- The investment and operational costs.

3 Sustainable Mobility Planning in European Cities

The diversity of identified documents required a categorization of cases which could
allow the benchmarking of the city planning cases. This resulted in 5 categories of cities:

- SUMPs without city logistics measures;

- Mobility Plan with city logistics measures;
- SUMP with city logistics measures;

- Logistics plans;

- SULPs.

From the panel of 129 cities, 29 (22,5%) did not fall in any of the identified categories.
This does not mean that those cities are not facing mobility issues or do not have
developed mobility plans. It means they don’t have SUMPs and they don’t have specific
logistics measures in the adopted documents.
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Among the rest of cities (100 cities), 7 cities have SUMPs without city logistics measures,
46 cities have mobility plan with city logistics measures, 38 cities have SUMPs with
logistics measures, 4 cities have logistics plans and 9 cities have SULPs. The results are
graphically presented in Figure 3 below.
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plan with logistics plan
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Figure 3. Frequency of planning documents by category in the chosen panel of cities

With specific reference to SULPSs, it is important to mention that all the cities in the figure
above were involved in the ENCLOSE EU project, which was devoted to the
development of SULPs in the cities participating in the Enclose project. Therefore, SULP
concept can be considered as a specific project concept.

On the other hand, the SUMPs concept is quite present in the panel: 45 cities have
developed SUMPs, of which 38 also includes logistics. It is worthwhile to report that
about 15.6% of the cities which have developed SUMPs have not included logistics.

4 Low Carbon and Energy Efficient Measures in Selected European Cities
As indicated in the methodological part, we have mapped urban logistics measures in 32

European cities (Table 1). These cities were selected based on a criterion of geographic
coverage at European level and on the existence of well-developed policies and measures.
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Table 1: The panel of the cities for the low carbon urban logistics measures analysis

Country Cities
Austria Vienna
Belgium Ghent, Brussels
Bulgaria Burgas, Balchik
Croatia Zagreb
Czech Republic Brno
Denmark Aalborg
Finland Helsinki
France Toulouse, Lyon, Paris
Germany Bremen, Berlin
Greece Serres
Hungary Pécs
Italy Turin, Lucca
The Netherlands s’Hertogenbosch, Utrecht,
Amsterdam
Norway Trondheim
Poland Krakow
Portugal Almada
Romania Alba Giulia
Spain Burgos, Barcelona
Sweden Malmo, Stockholm
U_nlted Dundee, Norwich, London
Kingdom

Initially, 158 measures have been identified in selected cities and finally grouped into the
following 12 types of measures:

1) Off-street loading bays; The measure focuses on developing loading and
unloading areas which are located outside the street space. The objective is to make public
spaces less congested and more liveable. The measure is implemented or planned in
Vienna, Paris, Barcelona, Alborg and Krakow.

2) Cargo bikes; Cargo bikes can be used for light deliveries (up to 250 kg) and
short distances. The scope of applications of such type of measure becomes even broader
when combined with electric drives. The measure is implemented or planned in Vienna,
Paris, Lucca, Turin, Ghent, Graz and Bucharest.

3) Clean fuels/vehicles mobility scheme; The main objective of the measure is to
foster sustainable and low carbon delivery services in both urban and metropolitan areas.
This measure can find different types of applications (Low Emission Zones, subsidies to
buy clean vehicles, delivery of alternative fuels infrastructures etc.). It can also represent
part of an energy and environmental policy. The measure is implemented or planned in
Vienna, Utrecht, Turin, Lyon, Bremen, Berlin, Trondheim, Burgos and Alborg.
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4) Spatial planning for logistics; The measure focuses on identifying and
“reserving” land for logistics purposes. The goal is to increase the efficiency of freight
transport in the concerned territorial context. The measure is implemented or planned in
Brussels and Paris.

5) Freight routes; This measure focuses on regulating freight vehicles routes. The
main objective is improving the efficiency of freight deliveries by providing routes (also
in real time) and signage for freight vehicles to access transport nodes and industrial
areas. The measure is implemented or planned in Brussels, Amsterdam, Helsinki, Serres,
Malmé and Toulouse.

6) Truck tolling/charging; The measure aims at applying tolling/charging schemes
for freight vehicles on the certain territorial area. Tolls and charges can be levied
according to the distance travelled, the type of vehicle (e.g. truckload, emission class) or
they can be time-based. The main aims of the measure are to internalise freight transport
external costs and have revenues to pay for the road infrastructure maintenance and/or
improvements. The measure is implemented or planned in Vienna and Brussels.

7) Delivery and servicing plans; The measures aim to proactively manage
deliveries and servicing trips, promote safe and legal loading, select logistic providers
committed to best practices. The main purpose is to optimise fleets and freight demand
and reduce the number of trips. The measure is implemented or planned in Brussels,
London, Zagreb, Serres, Trondheim and Alborg.

8) Mobile depots; Mobile depots are mobile warehouses serving specific city areas.
Last mile deliveries are operated by environmentally friendly transport vehicles, such as
cargo bikes, trolleys or on foot. More precisely, a trailer is loaded as a depot outside the
city and it is moved to a central parking area within the city centre. In the evening, the
trailer goes back to the logistics operator’s main depot (e.g. together with the cargo bikes
or trolleys). The measure is implemented or planned in Brussels and Turin.

9) Off-peak deliveries; This measure focuses on shifting delivery schedules out of
peak hours or at night. The measure is focussed on the benefit for transport operators
deriving from the fact that delivering at night is cheaper because it is faster (e.g. less
congestion, more space for unloading, fewer fines). The measure is implemented or
planned in Brussels, Barcelona, Alba Julia and Serres.

10) By boat logistics; This measure provides a solution for urban delivery chains,
focusing on the use of waterways as an energy efficient alternative to road transport. The
main purpose is to optimise the multimodal transport network and reduce the congestion
and pressure of freight vehicles on the urban road infrastructure. The measure is
implemented or planned in Balchik, Burgas, Paris, Utrecht and Amsterdam.

11) Urban Distribution Centres; Urban Distribution/Consolidation Centres
(UDC/UCC) are logistics facilities located in the proximity of the receivers that they
serve. Goods are consolidated at the logistics facilities and transported to their final
destinations with environmentally sustainable transport solutions (e.g. clean fuelled
vehicles or bikes). The measure is implemented or planned in Brno, Toulouse, Paris,
Barcelona, Lucca, Almada, Dundee, Norwich, Serres, s’Hertogenbosc, Krakow, Alba
Julia, Burgos and London.
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12) Coordination of urban freight rules; This type of measure has the purpose of
coordinating or harmonising freight rules at the city or FUA level. It responds to the need
of businesses to have clear and homogenous regulations which are not different or
conflicting within the districts of the same City/FUA. The measure promotes horizontal
governance among authorities of the same FUA and the coordination of city logistics
regulations. The measure is implemented or planned in Toulouse, Burgos and Pécs.

13)

In the final step, all these measures have been categorised to one or more of the following
categories:

- regulation,

- technology,

- infrastructures,

- services,

- industrial/economic,
- urban planning and

- €energy.
Table 2: Overview and benchmark of selected logistics measures
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As evident from the Table 2, measures were benchmarked in terms of the category of
measures type and the territorial level of applicability.

With reference to the category of the measure types, it is to be mentioned that only the
Clean fuels and vehicles mobility schemes are included in the category concerning energy
measures.



140 | 10™ INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL
PROTECTION (JUNE 27TH—30™, 2017, BLED, SLOVENIA), ENERGY MANAGEMENT AND
PoLicies
T. Letnik, G. Luppino, A. Bardi & S. Bozicnik: Policies and Measures for Sustainable
and Energy Efficient Urban Freight Transport

This fact, several measures have indirect energy benefits due to the optimisation of
transport flows (e.g. fuel savings), the introduction of clean vehicles for logistics
operations (e.g. electric mobility) or modal shift (e.g. use of transport means with lower
energy impact). We have included in the energy category only the measure type that can
directly focus on energy issues (in particular the development of electric mobility
schemes which can be part of energy policies at urban level).

5 Conclusions

The analysis has shown that there is a vast variety of logistic and mobility measures and
planning approaches in different European cities.

Standardisation of approaches on the cities as well as on the functional urban areas level
is needed. Experiences of several cities have shown so far that selection of appropriate
measures and planning mechanisms is a very promising solution.

Several studies have shown so far that a focused and appropriate measures in the field of
city and functional urban area logistics and mobility measures and plans can on average
decrease the energy consumption and CO2 footprint for about 15-30%. On this way, we
can contribute to the realisation of the EU Commission aim of CO2 free city.
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