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BIWAES 2017 preface

Preface

The key word of this 10*” edition of the Biennial International Workshop Advances in Energy
Studies (BIWAES) is "wellbeing”. While we certainly need energy efficiency and innovative
energy technologies and we also need environmentally friendly production and consumption
patterns, what we really need is a better way of living, based on better relations among indi-
viduals at local, national and international levels as well as better relations between humans
and the other species.

Technological improvement - unless guided by a clear perspective - may not necessarily lead
to the desired improvement of quality of life and wellbeing. On the contrary, it might even lead
to faster resource depletion, faster environmental degradation, increased social disparity and
global instability. During the past BIWAES editions we have explored in depth aspects as energy
saving, energy efficiency, rebound effect, growth and de-growth, sustainability, technological
innovation, renewability of energy and material resources. We have agreed that we may need
all of these, at appropriate time and spatial scales; and that we need tools to monitor, assess,
evaluate; and finally, that we also need radically innovative policies and business models, capable
to generate at the same time quality of life, jobs, sustainable communities. This has been the
basis of our ongoing research activity, collaboration, exchange of results through publications
and meetings in the past years.

The first goal of BIWAES 2017 is therefore to update and exchange our main research re-
sults and focus on both the state of the art and the still unsolved problems. This is going to be
primarily performed by means of 3 interactive poster sessions and 14 panel sessions dealing with
our most updated research activity about urban systems, integrated transportation patterns,
food/water/commodity nexus, transition from fossil to low-carbon and renewable resources,
sustainable business models, energy efficiency and effective energy strategies, stakeholders and
participatory processes, appropriate interplay of humanity and environment, integrated cleaner
production and circular economy, pollution control, bioenergy and bio-based materials, empow-
erment of new actors in the global energy market. In so doing, the state of the art of energy
technologies and societal impact will be assessed and discussed as well as collaborative research
networks can be implemented towards needed critical mass and worldwide knowledge sharing.
The expected result is a further implementation of innovative joint projects on energy future
as well as on sustainable production and consumption patterns.

The present BIWAES edition also aims at taking a deep look into energy future. Future
must be imagined, designed and implemented. For this to be possible, we need visions and
visionaries, much beyond the present state of the art. This is the goal of the planned six
thematic, design-oriented working groups (WG) on energy futures and participatory tools and
roadmaps, not intended for presentation of personal research results, but instead as creative
brainstorming and designing sessions on hot topics characterized by special policy interest and
needs:

WGL1. Implementing energy efficiency, barriers and solutions. From theory to practice.

WG2. Renewable and nonrenewable energies between growth and de-growth patterns.

WGS3. Energy and cleaner production. Innovative designs and technologies.

WGA4. Internet of things and the energy sector in urban and industrial systems.

WGS5. Socio-economic variables in designing local energy policies.

WG6. Stakeholders and energy planning.

Radically innovative networks, projects, concepts and business models are the expected
results of these design-oriented working groups.

Last but not least, energy and development. No need to underline that energy is among the
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most important development drivers and engines. Too many countries still suffer from energy
poverty, in the form of insufficient, inadequate, expensive or unequal energy supply. Although
we cannot claim energy to be the solution, the magic bullet to all world problems, we are well
aware that there is energy behind water supply, food production, mobility, housing, health,
education, communication, democracy. It is not just a matter of energy supply (e.g. cheap
fossil fuels; development of renewable energy sources), but a clear need for a mix of solutions,
from energy efficiency to appropriate energy use (matching of use to energy quality), from equal
energy access by all social groups to appropriate investments for development of opportunities
instead of luxury. Energy is still one of the causes of political and economic instability and
turmoil worldwide as well as of unequal development of local economies. Wellbeing has very
much to do with development/energy nexus.

I maintain that the only purpose of science is to ease the hardship of human existence. If
scientists, intimidated by self-seeking people in power, are content to amass knowledge for the
sake of knowledge, then science can become crippled, and your new machines will represent
nothing but new means of oppression. With time you may discover all that is to be discovered,
and your progress will only be a progression away from mankind. The gulf between you and
them can one day become so great that your cry of jubilation over some new achievement may
be answered by a universal cry of horror. (Life of Galileo, by Bertolt Brecht)

We have asked a few keynote visionaries to help us look into the present and the future of
energy and wellbeing, by addressing beyond growth, back to the future, sustainable complexity,
integrated planning, circular economy, renewable poly-generation, wastewater energy, energy
and food, energy and cities issues and aspects. The present state of the planet urgently calls
for deeper understanding, innovative visions, environmentally friendly solutions, development
and wellbeing. This is going to be BIWAES 2017.

Sergio Ulgiati and Laura Vanoli,
Editors

Mark T. Brown, Marco Casazza and
Hans Schnitzer, Associate Scientific
Editors
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BIWAES 2017

WORKSHOP PROGRAMME

Monday 25" September

8.00-9.00

Registration and welcome coffee

9.00-9.30

Welcome addresses
Laura Vanoli, Department of Engineering, 'Parthenope' University of Napoli.

Sergio Ulgiati, BIWAES workshop series founder, Department of Science and
Technology, 'Parthenope’ University of Napoli.

Alberto Carotenuto, Rector, 'Parthenope’ University of Napoli

Session Chair:

Riccardo Basosi, Department of Chemistry, University of Siena (Italy)

9.30-10.15 Opening lecture: Beyond growth: Economics as if the planet mattered
Mark T. Brown, Director of the “H.T. Odum” Center for Environmental Policy,
University of Florida
Sergio Ulgiati, Department of Science and Technology, 'Parthenope’ University of
Napoli.

10.15-10.30 | Questions and Comments

10.30-10.45 | Coffee break

10.45-11.30 | Keynote Lecture: Back to the Future
Gilberto Gallopin, Buenos Aires, Argentina. Independent Scholar and Associate
Fellow of the Tellus Institute

11.30-11.45 | Questions and Comments

11.45-13.00 | Poster Session 1

Chaired by: Massimiliano Lega, Parthenope University, Napoli, Italy

1. Amaya Martinez-Gracia, Alejandro Del Amo, Angel A. Bayod-Rdjula,
Isabel Guedea. Performance analysis and experimental validation of a
solar-assisted heat pump fed by photovoltaic-thermal collectors.

2. Marco Raugei and Patricia Winfield. Prospective LCA of the production
and EoL recycling of a novel type of Li-ion batteries for electric vehicles

3. Luis_Acevedo, Javier Uche, Fernando Cirez, Sergio Usén, Amaya
Martinez-Gracia, Angel A. Bayod-Rujula. Experimental analysis of a
domestic trigeneration scheme feed by photovoltaic/thermal (PVT) collectors




Massimiliano Lega, Marco Casazza, Vincenzo Severino, Pier Luigi
Accardo. Energy demand and environmental impacts of an Italian slum: a
preliminary analysis.

Arno P. Clasen, Feni Agostinho. Energetic-environmental performance of
the Brazilian offshore pre-salt oil

Antonio Lubrano Lavadera, David Sanchez, Stefano Ubertini,
Mariagiovanna Minutillo, Elio Jannelli. Compressed air energy storage
system optimization: comparison between sizing strategies depending on
the time horizon of storage.

Simonluca Russo, Vesselin Krassimirov Krastev, Giacomo Falcucci.
Experimental assessment of impact energy in oblique and asymmetric water
entry.

Rosa Anna Nastro, Maria Toscanesi, Edvige Gambino, Fabio Flagiello,
Giacomo Falcucci, Elio Jannelli, Luciano Ferrara, Marco Trifuoggi.
Microbial Fuel Cells (MFCs) remediation activity of marine sediments
sampled at a dismissed industrial site: what opportunities?

11.45-13.00 | Poster Session 2
Chaired by: Cecilia M. V. B. Almeida, UNIP-Universidade Paulista, Sao Paulo,
Brazil

1. Amalia_Zucaro, Annachiara Forte, Angelo Fierro. The environmental
impacts of wheat straw-based lignocellulosic ethanol for transport sector in a
biorefinery prospective.

2. Dewei_Yang. Evaluating rural developing dynamics using a combined
emergy and niche method in a watershed

3. Enrique Ortega, José Maria Gusman-Ferraz, Mariana Oliveira, Anna
Lewandowska-Czarnecka. A reflection about the Emergy Analysis of
Agricultural Systems by focusing on the agroecological transition process

4. Cecilia M. V. B. Aimeida, Mirtes V. Mariano, Biagio F. Giannetti. Emergy
Assessment as a management tool for urban parks

5. Marco Casazza, Yan Gao, Xinyu Liu, Fanxin Meng, Jinyan Xue,
Gengyuan Liu, Sergio Ulgiati. Water-Energy-Food urban planning: The
Urban Circular Economy Calculator (UCEC)

6. Anna __ Lewandowska-Czarnecka, Agnieszka Piernik, Andrzej
Nienartowicz. Sustainability indicators in different type of farms. A case
study from Poland.

7. Karabee Das, Greeshma Pradhan, Sanderine Nonhebel. Quantifying
Human energy expenditure in cooking systems in rural areas in developing
countries.

8. Vasile Dogaru, Claudiu Brandas. A real (non-pseudo) spatial index for
neutral CO2 for urban micro-zone in temperate continental climate

11.45-13.00 | Poster Session 3

Chaired by: Francesco Gonella, Ca’ Foscari University, Venice, Italy

1.

Marco Casazza, Paolo de Vingo, Wim Vandewiele, Sergio Ulgiati.
Environmental resources, economy, regulations: a lack of Community-
Based Adaptation for two Medieval monastic communities

Riccardo Basosi, Angelo Facchini, Antonio Scala, Renata Mele, Maria
Laura Parisi, Luca Valori. Investigation of rebound effect in energy
consumption of megacities

Verena Helen van Zyl-Bulitta, Jamen Gien Varney-Wong, William
Stafford. A mapping and navigation approach for energy system option
spaces on techno-, management- and socio-scales across the Global North-
South

Renato Francesco Rallo. Candles in the dark: a review of environmental
and sustainability indicators and their criticisms

Francesco Spano. Resilience indicators, energy limitations and leverage
points: who controls the controllers

Gabriella Duca. Usability of in-home energy displays and energy saving: a




design case

7. Flavio Picone, Elvira Buonocore, Riccardo D'Agostaro, Stefano Donati,
Pier Paolo Franzese, Riccardo Chemello. Assessing ecosystem services
in the Egadi islands marine protected area: an energy perspective

8. Gloria Rea, Chiara Cagnazzo, Angelo Riccio, Vincenzo Artale. Planetary
boundaries in a changing climate system: how the Antarctic ozone trend
responds to stratospheric dynamics?

13.00-14.30

Lunch

14.30-17.30

Parallel research-oriented panels and symposia.

Panel 1. Mobility of passengers and freight

Chaired by: Reinhard Haas, Technical University of Wien, Austria and Shupei
Huang, China University of Geosciences, Beijing, China

1. Shupei Huang, Haizhong An, Sergio Ulgiati. Terrestrial transport
modalities in China: a survey of monetary, energy and environmental costs.

2. Silvio Cristiano, Francesco Gonella, Sofia Spagnolo. On the Emergy
accounting for the evaluation of road transport systems: thoughts for an
Italian case study

3. Amela Ajanovic, Reinhard Haas. Energy and mobility: Hydrogen as fuel
for mobility and storage for renewable energy

4. Louisa Jane Di Felice, Maddalena Ripa and Mario Giampietro. Electric
vehicles in the EU: between narrative and quantification

5. Angelo Fierro, Annachiara Forte, Amalia Zucaro, Roberto Micera and
Mario Giampietro. MuSIASEM approach to evaluate the pertinence of the
second generation bioethanol production system. The case study of ligno-
cellulosic Arundo donax feedstock for the transport sector in Campania
region, Italy.

Panel 2. Energy and urban systems

Chaired by: Olga Kordas, Royal Institute of Technology, Stockholm, Sweden, and
Vasile Dogaru, West University of Timisoara, Romania

1. Hans Schnitzer. Design of a Low-Carbon energy system for a new urban
area in an industrial neighborhood

2. William Braham, Evan Oskierko-Jeznacki, Jae Min Lee, Barry
Silverman, Nasrin Khansari. E[m]ergy Model of the greater Philadelphia
Region

3. Oleksii_Pasichnyi, Jorgen Wallin, Hossein Shahrokni, Olga Kordas.
Data-driven building archetypes’ generation for urban building energy
modelling

4. Marco Molinari, Olga Kordas. ICT in the built environment: drivers,
barriers and uncertainties

5. Elena Mazzola, Tiziano Dalla Mora, Fabio Peron, Piercarlo Romagnoni.
The use of integrated energetic analyses on a Venetian historic building

6. Laura Pérez Sanchez, Gonzalo Gamboa, Raul Velasco-Fernandez,
Maddalena Ripa, Renato F. Rallo, Mario Giampietro. Energy
performance at city level - the societal metabolism of Barcelona

Panel 3. Food, energy, water and commodity nexus

Chaired by: Gengyuan Liu, Beijing Normal University, China, and Enrique Ortega,
Campinas University, Brazil

1. Sanderine Nonhebel and Winnie Leenes. Why becoming a vegetarian is
not going to save the world.
2. Fanxin_Meng, Gengyuan Liu, Zhifeng Yang, Yuanchao Hu, Marco




3.

4.

6.

Casazza, Biagio Fernando Giannetti, Sergio Ulgiati. Tracing urban
carbon flow in the global economy system: Consumption vs production
perspectives

Francesco Spano. Land requirements for Mediterranean diet: standard
agriculture vs new agroecology

Judith Rodriguez Salcedo and Marina Sanchez De Prager. Valoracion
del acervo cultural, en términos de eMergia, en sistemas agroecoldgicos de
la region centro Valle del Cauca- Colombia

Luis _Acevedo, Javier Uche, Fernando Cirez, Sergio Usén, Amaya
Martinez-Gracia and Angel A. Bayod-Rujula. Exergy analysis of the
transient simulation of a renewable-based trigeneration scheme for
domestic water and energy supply

Gengyuan Liu, Marco Casazza, Lixiao Zhang, Yan Hao, Sai Liang,
Sergio Ulgiati. Emergy Accounting System Modeling of Urban Water
Metabolic Systems.

Panel 4. The changing energy basis of economies: Declining fossil availability

and transition management

Chaired by: Silvio Viglia, Parthenope University, Napoli, Italy and_Robert A.
Herendeen, Gund Institute for Ecological Economics, University of Vermont, VT

(USA)
1.

2.

Umberto Perna. Reserves at risk: planning with deep uncertainty and high
complexity

Fereidoon P. Sioshansi. How innovation and disruptions are reshaping the
future of the power sector

Reinhard Haas. How to integrate large shares of variable renewables into
the electricity system.

Robert Herendeen. 100% renewable: does this trump carrying capacity?
Rony Parra and Anderson Castro. Evaluation of energy metabolism in the
oil extraction in Ecuador from the application of Multi-Scale Integrated
Analysis of Societal and Ecosystem Metabolism (MuSIASEM)
Cristina_Madrid Lépez. Shale Gas for a Low Carbon Economy? The
limitations we have to consider.

Panel 5. Energy and ecological economics. Sustainable finance. New business

models for energy.

Chaired by: Jesus Ramos-Martin, IKIAM University, Ecuador and Xi Ji, Peking
University, China

1.

2.

Gabriella Duca and Guglielmo Trupiano. Bioeconomy and the challenge
of community centered design

Antonio Scala, Angelo Facchini and Umberto Perna. Portfolio analysis
and allocation of renewable sources

Alessandro Sapio. Exporting volatility through market integration: the case
of Sardinia.

Juha Panula-Ontto, Jarmo Vehmas, Ying Chen, Jinxing Jiang, Jyrki
Luukkanen and Jari Kaivo-Oja. Impacts of Main Economic Sectors on
Energy Efficiency in the period 2015-2030 in China

Heitor F. Marinho Neto and Feni Agostinho. Sustainability diagnosis of
goods and services: do they work in practice?

Chang T. Chang, Michela Costa, Maurizio La Villetta, Adriano
Macaluso, Laura Vanoli and Daniele Piazzullo. Thermodynamic and
economic comparison of biomass drying systems coupled with different
technologies of power generation




Tuesday 26™ September

Session Chair: Hans Schnitzer, Professor Emeritus, Technical University of Graz, Austria

9.00-9.45

Keynote Lecture: Sustainability and Well Being: Energy, Technology, and
Complexity

Joseph A. Tainter, Utah University, USA

9.45-10.00

Questions and Comments

10.00-10.45

Keynote Lecture: Smart Energy Systems and the Plans for Renewable Energy.
Perspectives for more Integrated National and European Planning

Henrik Lund, Department of Development and Planning, Aalborg University,
Denmark

10.45-11.00

Questions and Comments

11.00-11.15

Coffee break

11.15-13.00

Thematic, Design-oriented Working Groups on Energy Futures (thematic groups
are not intended for presentation of personal research results, but instead as creative
brainstorming and designing sessions on hot topics characterized by special policy
interest)

e Implementing energy efficiency, barriers and solutions. From theory to
practice (Chaired by: Antonio Vrenna, FEDERESCO, Italy and Silvio Viglia,
Parthenope University, Italy)

e Renewable and nonrenewable energies between growth and de-growth
patterns (Chaired by: Barney Foran, Charles Sturt University, Albury,
Australia and Robert A. Herendeen, Gund Institute for Ecological
Economics, University of Vermont, VT USA)

e Energy and cleaner production. Innovative designs and technologies
(Chaired by: Cecilia M. V. B. Almeida, UNIP-Universidade Paulista, Sao
Paulo, Brazil) and Francesco Gonella, Ca’ Foscari University, Venice, Italy

13.00-14.30

Lunch

14.30-17.30

Parallel research-oriented panels and symposia.

Panel 6. Energy efficiency

Chaired by: Jarmo Vehmas, University of Turku, Finland, and Elvira Buonocore,
Parthenope University, Napoli, Italy

1. Oleksii Pasichnyi, Jérgen Wallin, Fabian Levihn, Hossein Shahrokni and
Olga Kordas. Energy Performance Certificates — new opportunities for
data-enabled urban energy policy instruments?

2. Gianluca Trotta, Joachim Spangenberg and Sylvia Lorek. Energy
efficiency in the residential sector: identification of promising policy
instruments and private initiatives among selected European countries

3. Fabiana_ Corcelli, Gabriella Fiorentino, Jarmo Vehmas and Sergio
Ulgiati. Energy Efficiency and environmental performance indicators of
papermaking from chemical pulp. A Finland case study.

4. Jarmo Vehmas, Jari Kaivo-Oja, Jyrki Luukkanen. Decomposition of Total
Primary Energy Supply: Energy Efficiency Trends in the EU-28 Member
States in 1990-2013

5. Mauro Reini and Melchiorre Casisi. Constructal Law and Thermoeconomic




Optimization

6. Castrichino Tonino, Balsani Federico, Ferrari Claudio, Graniglia Nicola,
Tempesti Duccio. Boosting energy efficiency in Public Administration. Study
case: “Palazzo della Farnesina”

Panel 7. Decision _making tools for enerqgy management. Stakeholders and
participatory strategies.

Chaired by: Angelo Facchini, IMT School for Advanced Studies Lucca, and Amalia
Zucaro, Federico Il University, Napoli, Italy

1. Jari_Kaivo-Oja, Jarmo Vehmas and Jyrki Luukkanen. Energy Intensity,
Energy Consumption and Changes in Energy Intensity in the EU-28
Countries in 1995-2014

2. Anders Nilsson, Olga Kordas, David Lazarevic. Influencing Household
Energy Consumption: Preliminary Results from a Residential Demand
Response Program in Sweden

3. Kateryna Pereverza and Olga Kordas. Sustainability through stakeholder
learning: participatory backcasting for the heating sector

4. Chiara Vassillo, Daniela Restaino, Remo Santagata, Silvio Viglia, Jarmo
Vehmas, Sergio Ulgiati. Energy efficiency and stakeholders: Barriers, costs
and benefits of implementation. The Naples case study in the EUFORIE
Project

5. Sylvia Lorek and Joachim Spangenberg. Social innovation for energy
sufficiency — methods, results and lessons learnt in the EUFORIE project

Panel 8. Matter and energy flows in the biosphere and human economy

Chaired by: Pier Paolo Franzese, Parthenope University of Napoli, Italy, and
Gilberto Gallopin, Tellus Institute, Argentina

1. Pier Paolo Franzese, Elvira Buonocore, Flavio Picone, Giovanni F.
Russo. Using environmental accounting to operationalize the Planetary
Boundaries framework at local scale in marine ecosystems

2. Marco Casazza, Joseph A. Tainter, Massimiliano Lega, Silvio Viglia,
Gengyuan Liu and Sergio Ulgiati. Energy features of human Socio-
Ecological Systems relevant to the future of civilization

3. Angelo Riccio, Antonino Staiano, Angelo Ciaramella, Francesco
Camastra, Elena Chianese, Efisio Solazzo and Stefano Galmarini. Ozone
production and flows in the boundary layer and its impact on crop yields: an
optimal ensemble estimation

4. Ludmila Skaf, Elvira Buonocore, Stefano Dumontet, Roberto Capone,
Pier Paolo Franzese. Environmental costs and impact of food security in a
changing world: The case of Lebanon

5. Fabiana Zollo, Michela Del Vicario, Walter Quattrociocchi and Antonio
Scala. The Climate Change debate on Facebook: a clash of contrasting
narratives beyond rationality

Panel 9. Transition to low-carbon and renewable energies

Chaired by: Maddalena Ripa, Autonomous University, Barcelona, Spain and Marco
Raugei, Oxford Brookes University, UK.

1. Verena van Zyl-Bulitta, Enrique Kremers and Ralf Otte. Temporal
mechanisms for energy system balancing across different socio-technical
scales aligned to the current electricity grid state

2. Marco Raugei, Enrica Leccisi, Vasilis Fthenakis, Gonzalo Ramirez and
Rodrigo Escobar Moragas. Net energy availability and environmental
performance of the Chilean electric grids: potential improvements and
opportunities

3. Angel A. Bayod-Rujula, Luis Acevedo, Javier Uche and Amaya Martinez-




Gracia. Improved management of battery and RO demand in grid connected
PVT systems in dwellings

4. Mateusz Szubel, Beata Matras, Szymon Podlasek and Mariusz
Filipowicz. Development of air manifold for straw — fired batch boiler using
experimental and numerical methods

5. Charlie Gullstrom, Olga Kordas and Marco Molinari. Sharing Spaces in
the Sharing Economy: to save energy, increase well-being or boost
innovation? How do new initiatives align with energy transition?

6. Jaime Cevallos and Jesus Ramos-Martin. Spatial assessment of the
potential of renewable energy: the case of Ecuador

19.00-22.00

Social Dinner and Concert

Wednesday 27™ September

Session Chair: Olga Kordas, Royal Institute of Technology, Stockholm, Sweden

9.00-9.45

Keynote Lecture: Optimized resource management through circular economy
patterns: Challenges in free-market contexts

Andrea Genovese, Logistics and Supply Chain Management Research Centre,
Management School, The University of Sheffield, UK

9.45-10.00

Questions and Comments

10.00-10.45

Keynote Lecture: Advanced renewable polygeneration systems producing
electricity, heat, cool and water: dynamic simulations and thermo-economic
optimization.

Francesco Calise, University Federico Il — Naples, Italy

10.45-11.00

Questions and Comments

11.00-11.15

Coffee break

11.15-13.00

Thematic, Design-oriented Working Groups on participatory tools and roadmaps
for energy futures (thematic groups are not intended for presentation of personal
research results, but instead as creative brainstorming and designing sessions on
hot topics characterized by special policy interest).

e Internet of things and the energy sector in urban and industrial systems
(chaired by: Raffaele Montella, Parthenope University, Napoli and Marco
Molinari, KTH, Stockholm, Sweden)

e Socio-economic variables in designing local energy policies (chaired by:
Joaquim Spangenberg, SERI, Sustainable Europe Research Institute,
Germany and Maddalena Ripa, UAB, Barcelona, Spain)

e Stakeholders and energy planning (chaired by: Sylvia Lorek, SERI,
Sustainable Europe Research Institute, Germany and Kateryna Pereverza,
KTH, Stockholm, Sweden)

13.00-14.30

Lunch

14.30-17.30

Parallel research-oriented panels and symposia.

Panel 10. Energy and industrial cleaner production. The challenge of circularn
economy

Chaired by: Hans Schnitzer, Technical University of Graz, Austria, and Rosa Anna




Nastro, Parthenope University, Napoli, Italy

1.

Panel 11. Enerqy related airborne emissions, air quality and monitoring tools.

Hugo Alejandro Guillen Trujillo, Luis Manuel Reynosa Morales and
Alejandra Guillen Garcia. Sustainability evaluation of different techniques
for concrete mixing based on quality control

Jingyan Xue, Gengyuan Liu, Marco Casazza and Sergio Ulgiati. LCA
based Emergy Analysis of the Aluminum Production Chain in China

Wei Fang, Haizhong An, Xiangyun Gao, Huajiao Li and Shuepi Huang.
Modelling Urban Waste Treatment System by means of Emergy and System
Dynamics: A Case Study of Beijing

Francesco Calise, Simona Di Fraia, Adriano Macaluso, Nicola Massarotti
and Laura Vanoli. Assessment of a sludge dryer coupled with an ORC
system powered by geothermal energy

Krzysztof Sornek, Mariusz Filipowicz, Maciej ZoLAdek, Radostaw Kot
and Matgorzata Mikrut. Comparative analysis of selected thermoelectric
generators operating with small scale heating appliances.

Chaired by: Fereidoon P. Sioshansi, Menlo Energy Economics, CA USA, and
Marco Casazza, University of Naples ‘Parthenope’

1.

Panel 12. Innovative concepts and frameworks for effective energy strategies

Massimiliano Lega, Dan Jaffe, Marco Casazza, Sergio Ulgiati. Complex
source components assessment: Criteria for 3D environmental scenario
analysis in the case of an urban port area, Naples (S ltaly)

Xi Ji, Yixin Yao and Xianling Long. What causes PM2.5 pollution? Cross-
economy empirical analysis from socioeconomic perspective

Tommaso Luzzati, Gianluca Gucciardi and Marco Orsini. A multiscale
analysis of the EKC for energy use and CO, emissions

Angelo Facchini. The urban metabolism of Lima: perspectives and policy|
indications for GHG emission reductions
Giuseppina De Luca, Salvatore Fabozzi, Nicola Massarotti and Laura
Vanoli. The energy Planning of Pompei: a strategy to achieve a nearly zero
greenhouses energy system city.

Chaired by: Francesco Gonella, Ca’ Foscari University, Venice, Italy and Hossein
Shahrokni, KTH, Stockholm, Sweden

1.

2.

Panel 13. Biomass for energy and bio-based materials.

Massimo Zucchetti and Raffaella_Testoni. Most advanced technological
innovation as a part of simple solutions for the world energy problem.
Corrado _Giannantoni. "Energy, Economy, Environment, Wellbeing". The
Role of Formal Languages for Finding and Implementing Solutions.

Enrique Ortega, José Maria Gusman-Ferraz, Mariana Oliveira, Ana
Carolina Assis, Gilmar Barreto, Rosana Corazza, Paulo Fracalanza and
Luciana T. de Almeida. Energy and Wellbeing in Latin America: Political and
Cultural issues

Aram Makivierikko, Hossein Shahrokni and Olga Kordas. Overcoming the
Engagement Barrier in Demand-side Management with Social Influence
Vasile Dogaru. Segmentation of urban energy using Roegenian partial
processes with borders

Maddalena Ripa, Raul Velasco-Fernandez, Michele Manfroni and Mario
Giampietro. A closer look at national energy metabolism: multiscale
integrated analysis of energy end uses

Chaired by: Angelo Fierro, Federico Il University, Napoli, Italy and Gabriella
Fiorentino, Parthenope University of Napoli, Italy




1. Janis Abolins. Sustainability of the value chains of forest bio-economy and
the added energy
2. Elvira Buonocore, Natasha Nikodinoska, Alessandro Paletto, Pier Paolo
Franzese. Life cycle assessment of wood-based bioenergy production: A
case study in Northern Italy.
3. Michelle M. Arnold, Joseph A. Tainter and Deborah Strumsky.
Productivity of Innovation in Biofuel Technologies
4. Gabriella Fiorentino and Sergio Ulgiati. Towards an energy efficient
chemistry. An assessment of fuel and feedstock switching.
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Abstract

Energy studies are today interdisciplinary studies. They involve not just technical aspects, but also
environmental, social and politic aspects. In this framework, an interdisciplinary approach to help solve
energy issue through advanced technological innovations as a part of simple solution for the energy
problem is considered. Two case studies were reported: the role of the fusion energy as new energy
source and the methods to degrade polychlorinated biphenyls, synthetic compounds used in energy
field, to reduce its environmental impact.

1. Introduction

In the twenty-first century, energy studies involve not just technical aspects, but also
environment, society material science, and politics. In fact, the Energy issue is strictly
connected to the issues of Water, Food, Health, and to the issue of resources
availability and location (Zucchetti et al., 2016): these are systemic issues that
require studies on local environmental and social aspects, not just technical ones.

From the purely technological point of view, two directions can be followed (Zucchetti
and Testoni, 2017):

e Simple solutions that make it possible to reduce the growth of energy needs in
developing countries, focusing on efficiency, savings and conversion, and that
will lead to the reduction of social and geographical disparities in its availability
and its use.

e Most advanced technological innovation, that aim to seek new energy sources
and high-tech energy-intensive approach, in developed countries. In this
direction, it is fundamental to take into account two guiding concepts: the
equivalent of Einstein's mass-energy (e.g., nuclear fusion), and the imitation of
energy production of living beings (e.g., artificial photosynthesis).

Four main actions can be pursued to face the energy issue (Zucchetti and Testoni,
2017):

rationalize the use of energy;

abandoning a development model based on endless growth;
equalize the per capita consumption in the world;

innovate and develop new energy sources.

In this work, two case studies applied at two different fields of technology will be
addressed briefly in order to discuss the implementation of some of the above-
mentioned actions. The first case study involves the contribution of nuclear energy in
the framework of energy issue and the development of a new technology in the
fusion nuclear field, Affordable Robust Compact (ARC) fusion reactor. One of the



main innovative characteristics of this technology is its load-following capability.
Instead, the second case study concerns the environmental impact of polychlorinated
biphenyls (PCBs), that are synthetic compounds widely used in energy sector for
dielectric fluids, heat transformer fluids, lubricants, etc. The use of irradiation
techniques to degrade PCBs is presented in order to propose possible solution to
reduce the environmental impact of these compounds.

2. Nuclear energy and the ARC fusion reactor

The role of nuclear energy in the field of development of new energy source is
recognized by the world scientific community. However, an open debate on nuclear
energy concerns the solution of the problem of radioactive waste, reinforcing nuclear
safety and developing research into reactors of the future. In fact, nuclear energy is
facing a crisis due to the lack of widely accepted solutions to some of its issues:
radioactive waste management, health impact on population and workers in case of
severe accident, nuclear proliferation, and effectiveness in solving the global warming
issue.

On one side, the acceptance of fission nuclear energy by the public is quite doubtful:
it will depend on the safe continuing operation of existing plants, the trends in energy
demand, in particular electricity, and on the ability to meet a share of demand in a
competitive way.

On the other side, nuclear fusion energy is seen as a candidate long-term solution,
for developed countries: however, fusion should not follow the same path that lead to
the technological difficulties causing fission energy public acceptance. Fusion energy
is seen as a clean energy quest, that has important improvements, such as no NOx
and COx emissions, no core melting risks, no proliferation and very low amount of
radioactive waste. These improvements are also associate with the fact that fusion
energy can be considered practically an infinite energy.

Most of the studies and experiments on nuclear fusion are currently devoted to the
Deuterium-Tritium (DT) fuel cycle (Zucchetti and Testoni, 2017). This fuel cycle
represents the easiest way to reach nuclear fusion in a plasma. However, it needs a
reactor similar to that one used for fission energy. In particular, problems such as
neutrons, radioactivity, radioactive waste, environmental accidental releases,
characterize both fission and fusion reactor, even if these issues in fusion reactor
have a lower impact than fission one. The two main projects based on the fusion
technology are ITER and DEMO. A lot of concepts and designs have been
investigated in the last decades: magnetic confinement fusion seems to be the faster
way to reach the grid, and - among magnetic confinement fusion machine designs -
tokamaks are the ones considered the most "reactor relevant". This pathway, arriving
to DEMO (a demonstration reactor) through the previous construction and exercise of
ITER (a world-shared fusion experimental tokamak now being built in France)
appears to be quite a long and winding road to commercial fusion energy. Even if,
the relatively slow pace of development of fusion research in the recent decades due
for example to the delay in the ITER and DEMO programs, has moved fusion energy
to a quite long-term option (Zucchetti, 2015; Freidberg, 2007).

However, fusion energy is one of the most challenging and complicated fields for
Engineering and Physics. Many physics and technology questions need further
development and research, such as plasma physics, magnets physics, reactor



engineering, plasma-wall interactions, etc. Nuclear fusion energy has always been
considered the ultimate response to the clean energy needs of the future. However,
the goal of fusion energy connected to the grid is supposed to lie several years from
now. Fusion scientists need to understand better not only plasma, magnetic physics
and reactor engineering, but also dealing with the market competition, which always
asks for more and cheaper energy. Because of all the above-mentioned obstacles,
nuclear fusion seemed to be stuck for undetermined time.

In this general fusion framework, the advent of High Temperature Superconductors
(HTS), additive manufacturing, new diagnostics and materials have unblocked
research, leading to new scenarios and to a second generation of nuclear fusion
reactors. In this context, PhD candidates of Massachusetts Institute of Technology
(MIT) and MIT’s Plasma Science and Fusion Center (PSFC) scientists and engineers
began to design a new Affordable Robust Compact (ARC) fusion reactor, which
meets its goal in a cheaper, smaller but even more powerful, faster way to achieve
fusion energy (Sorbom et al., 2015).

ARC reactor (Fig. 1) is a tokamak conceptual design: it is the flagship of a new
generation of fusion devices, which have the final goal of showing a new path to a
clean, fast and cheap fusion energy connectable to the grid. Since it is just a device
concept, which shows how far new technologies could lead fusion energy, its design
is always changing and every new idea is applied and integrated to the design in
order to see any type of possible improvement; this means that the tokamak is
frequently upgraded to the newest technology known until the construction of a
device based on this design will be committed, and beyond.

Fig. 1: The ARC reactor conceptual design (Sorbom et al., 2015).

ARC reactor is based on the new rare hearts HTS technology (REBCO), which
allows the reactor to be smaller and thus cheaper; moreover, it shows a new concept
for the cooling system, which is contemporarily the blanket and the tritium breeder.
Finally yet importantly, the new concept of vacuum vessel, designed to be built using
additive manufacturing technology is a promising improvement. All these innovations
are inserted in a compact and easy to demount reactor design (Sorbom et al., 2015).



Now, these main characteristics of the ARC reactor are described. First, the idea of
ARC’s concept began when a new generation of superconducting materials became
available on industrial scale. The most important innovation are its magnets: sets of
toroidal field coils (TF) and poloidal field coils (PF) are made of Rare Earth Barium
Copper Oxide (REBCO). This material shows a quite high critical temperature ~ 80K,
which is almost twenty times higher than copper’s critical temperature, and is able in
a very thin tape to generate a magnetic field of tens of Teslas.

A second innovation integrated in this device is the approach to blanket, cooling
system and tritium breeder all of them: a single material satisfies all functions done
by those components. ARC shows a liquid blanket: its vacuum vessel is immersed in
a tank filled with Lithium Fluoride and Beryllium Fluoride (FLiBe) molten salt. FLiBe
works as coolant for the vessel and divertors carrying out thermal energy up to the
heat exchangers it shields magnets and component from radiations and neutrons
slowing them down and absorbing their energy. Since FLiBe is a mixture of Lithium
and Beryllium, it works also as neutron multiplier and tritium breeder both, achieving
a tritium breeding ratio of around 1.1.

Then, thanks to new manufacturing systems such as 3D printing, this tokamak is also
designed to be quickly demounted and reassembled since the number of
components is allowed to be very low. For instance, vacuum vessel and blanket tank
are single-piece components imagined for additive manufacturing; this means no
slices, and no days of work to change each of them. Toroidal field coils are designed
to be opened on their upper side so tank, vessel, auxiliary and poloidal field coils can
be dropped on their spot from the top leading to a very easy and quick way to
assemble main components of the machine.

Finally, the most innovative characteristics of ARC, in our opinion, is the load-
following capability. Since plasma can quickly change its power output, a load
following power plant, based on the ARC concept, can be connected to a grid
characterized by several other intermittent energy input, such as solar and wind
based power plants. In this case, the ARC reactor could be not only the base-load
energy producer, but also a load-following one, capable to cover peak requests and
other plant shutdowns.

3. Radiation Induced Degradation of Polychlorinated Biphenyls (PCBs)

Polychlorinated Biphenyls (PCBs) (Tab. 1) are synthetic compounds, very stable,
with high molecular weight, low vapor pressure, low water solubility, and high
stability. They are widely used in the energy production sector — either in developed
and in developing countries - for dielectric fluids, heat transformer fluid, lubricants,
vacuum pump fluids, etc. Now banned in most developed countries, they are still
widely used in developing countries (Robertson and Hansen, 2015; Jepson and
Robin, 2016).

The widespread use of polychlorinated biphenyls in such applications presents a
major environmental issue because of the toxicity and long lifetime of these
compounds in ambient conditions. The method currently used to destroy most PCB
containing materials is incineration. Two drawbacks characterize this method: it
incinerates the medium along with the PCB, and it converts some of the PCB into
more toxic materials, namely dioxins. For instance, in the US, currently a regulatory
threshold of 50 parts per million of polychlorinated biphenyls has been established



under the federal Toxic Substances and Control Act. Therefore, it is desirable to
provide a method for the degradation of solutions contaminated with polychlorinated
biphenyls, to a level below the regulatory threshold in a closed system to prevent the
release of the PCBs into the environment. Additionally, it is desirable to provide a
PCB destruction method that does not rely on the addition of chemicals to the PCB
contaminated solution.

Table 3.1: Polychlorinated Biphenyls (PCBs) structure and properties

Chemical properties Chlorinated aromatic hydrocarbons
209 isomers

tech. PCBs containing up to 80 isomers
Physical properties High chemical and thermal stability
(>1000°C)

Low in flammability

High heat conductivity
High solubility in rubber
High solubility in fat

No solubility in water

Radiolytic degradation of PCBs is expected to overcome these problems (Omega
Research Ass. Inc., 1986; Platzer et al., 1990). In general, it is known that gamma
irradiation of chlorinated hydrocarbons in alkaline polar solvents results in the
production of free radicals via chain dechlorination to the next less chlorinated
species. The PCBs in organic solvents such as transformer oils may be reduced into
benign inorganic chloride and practically non-toxic biphenyl, without formation of any
dioxins. Such treatment leaves the solvents practically unchanged so that they can
be recycled instead of incinerated. This approach may be adapted to remove PCBs
in sediments and soils by combining it with extraction or other treatment methods.

Irradiation of PCBs in oil is not expected to lead to dechlorination by direct reaction of
the solvated electrons with the PCB, because the oil contains substantial quantities
of other aromatic compounds, which also react with solvated electrons very rapidly.
PCB transformation occurs primarily through reductive dechlorination, forming lower
chlorinated PCBs and biphenyl. Rates of PCB degradation are substantially higher in
aqueous surfactant solutions than in diethyl ether and petroleum ether. This suggests
that solubilizing PCBs in water using a surfactant prior to irradiation may provide a
considerable improvement in contaminant degradation efficiency in comparison to
using an organic solvent or irradiating PCBs directly in oil.

Beta-irradiation techniques for elimination of noxious and toxic chemical substances
from industrial pollutants are proposed in this study. lonising radiations are being
widely used in industrial processes, especially in those with high technological
innovation content and strong development rate. In particular, the use of beta
radiations shares with gamma industrial irradiation most of the market. Beta-emitting
radioactive sources may be used, while industrial application processes mainly use
electron beams (EB) accelerators. Among the applications of EB, environmental
technologies, which are a very well-developed application field, rely upon this basic
principle: an industrial pollutant, either gaseous or liquid, is irradiated with beta
particles in order to induce in it chemical transformations (or biological sterilisation) in
such a way that the pollutant itself could be more easily treated with conventional



techniques for its environmental processing, or it could be easily recycled. EB that
are being used for industrial application have energies normally ranging from 100
keV to 10 MeV. Energies higher than 12 MeV are not recommendable, since this is
the threshold for electron-induced radioactivity in the irradiated material. The EB
power is ranging from 1 kW to 150 kW. The power obviously depends upon the
quantity of material that has to be treated in the time unit. The technique that is being
investigated uses an EB linear accelerator (Linac) with a 3 MeV electron energy. As
far as the aspects dealing with the interaction of beta particles with matter, a model
has been set up, in order to compute the efficiency of the irradiation process,
depending upon different geometrical layouts. This efficiency depends upon the self-
shielding effects in the irradiated material. Comparison with alternative techniques
based upon chemical treatments, from the safety viewpoint has been carried out.

It has been demonstrated that a complete chemical destruction of PCB occurs with
electrons of this energy. The activity has focused on the safety and environmental
aspects, and also on the studies of interaction between beta particles and matter,
applied to the proposed case. The demonstration of the technological feasibility of
the proposal, together with its economical convenience, is the most important result:
the application of the technique to eliminate PCB in both developed and developing
countries has demonstrated to conveniently solve the question of destroying PCB-
related waste generated in energy production.

Conclusions

Energy studies involve not just technical aspects, but also environment, material
science, and politics. In this work, two case studies on advanced technological
innovation as a part of simple solutions for the energy problem were reported. The
first case study involves the contribution of nuclear energy in the framework of energy
issue and the development of ARC fusion reactor. One of the main innovative
features of this technology is its load-following capability. Since plasma can quickly
change its power output, a load following power plant can be connected to a grid
characterized by other intermittent energy inputs. In this case, the ARC reactor could
be not only the base-load energy producer, but also a load-following one, capable to
cover peak requests and other plant shutdowns. Instead, the second case study
concerns the environmental impact of polychlorinated biphenyls (PCBs), that is
widely used in energy sector for dielectric fluids, heat transformer fluids, lubricants,
etc. The use of beta-irradiation technique to degrade PCBs is presented as one
feasibility solution in order to reduce the environmental impact of these compounds,
both from the technological point of view and from the economical convenience.
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Abstract

After two years of low world gas prices and high fossil fuel production, and the commitment of
president Obama of reducing carbon emission in the oil and gas sector, the victory of Donald Trump
and OPEP’s plans of curbing extraction seem to predict a new golden period for shale gas as a pillar
in the energy security and economic stability of the US. The scientific community has devoted a
number of efforts to study the impacts of shale gas production and use over the environment, the
societies and the economies separately. However, for policy making, it would be more useful to
analyze the trade-offs of different scenarios in the production and use of shale gas.

In this work, | use MUSIASEM (Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism)
to analyze the socio-ecosystem metabolism of the US and describe the trade-offs of shale gas
development regarding its environmental feasibility, its social desirability and its economic viability.

| present three scenarios for 2025. First, a no change scenario where shale gas contributes the same
share to the US energy mix as in 2016. Second, | test President Obama’s commitment to cut methane
emissions from the oil and gas sector to 45% below 2012 levels. Third, | test president-elect Trump’s
plan to “unleash” U.S. shale gas reserves using a scenario where Pennsylvania’s shale gas extraction
is increased by 100%.

The preliminary results show that the three regions in the feasibility-viability-desirability option space
overlap slightly. Scenario 1 is likely to challenge energy security due to low supply of energy primary
sources. Despite being the most desirable scenario regarding climate change, scenario 2 does not
seem to be biophysically viable with the current energy technology and networks. Scenario 3 is also
not completely desirable. While it seems to be able to ensure energy availability, it would not
contribute to increase jobs in the announced numbers but it would increase the environmental impacts
beyond current regulation limits.
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Abstract

In the West of the City of Graz, in the area of a former brewery, a new urban quarter
is going to be established that is oriented towards more sustainability, low carbon
patterns and at maximizing the share of renewables in the energy system. The area
lays in the industrial part of the City of Graz and is surrounded by different kinds of
companies like steel, food, feed, chemical and machinery industry. As the City of
Graz has decided to reduce its carbon footprint and to increase the share of
renewables the challenge is to design the systems for energy supply und usage for
8,000 people accordingly. Since it is one of the main planning criteria for the district
to have an “integrated” quarter, there is also the necessity to create an adequate
number of jobs. Another important issue is mobility. The design intents to have less
parking lots than flats. So public transport, cycle tracks and car sharing activities will
play a paramount role.

From the energy point of view, there are several possibilities to supply energy to the
new dwellings. We expect all new buildings to follow a low energy standard (yearly
energy for heat ~ 35 kWh/m?). This is higher than what the European Building
Directive asks for after 2020, but most of the investors will not be ready to go for such
highly insulated solution already now. The concept worked out integrates internal
energy sources like solar radiation, ground water and internal waste streams. More
than this, the waste energy from some industrial plants in the surroundings can be
utilized, since it is available in great amounts on a low temperature level. The
technologies included in the analysis are solar thermal panels, photovoltaic modules,
heat pumps, biogas plants and of course waste heat exchangers. For outside the
area energy can be supplied. There is a district heating line passing by (high
temperature supply line, low temperature return pipe), a gas pipe and electricity.

The analysis and simulation showed that theoretically it would be possible to supply
all heat demand (heating, sanitary water, commercial use) through locally available
renewable energy. This is not the case for electricity. Waste heat from industry plays
a major role in the optimized system, when costs are taken into consideration. The
analysis also showed internal optimization possibilities in the companies and several
interaction possibilities between industry and living spaces.

1. Changed boundary conditions for urban energy systems

The structure of urban energy systems has changed substantially in the last years.
Traditionally a small number of supply companies cared for a safe and cheap supply
of electricity, gas, fuels and district heating. First costs for the connections to the grid



were rather low and the companies made profit by selling energy. Environmental
concerns accounted for local emissions only.

This has changed in the last years. National and international agreements ask for
more renewable energy sources in the system (United Nations, 2015). The Directive
2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 19 May
2010 on the energy performance of buildings asks for Nearly Zero-Energy Buildings:
Member States shall ensure that: (a) by 31 December 2020, all new buildings are
nearly zero energy buildings; and (b) after 31 December 2018, new buildings
occupied and owned by public authorities are nearly zero-energy buildings (EU
2010). ‘Nearly zero-energy building’ means in this context a building that has a very
high energy performance, as determined in accordance with Annex | of this directive.
The nearly zero or very low amount of energy required should be covered to a very
significant extent by energy from renewable sources, including energy from
renewable sources produced on-site or nearby.

Taking this into consideration, we were faced with a challenge of designing an
energy system for a newly to be developed district in the West of the City of Graz in
Austria.

2. The area under investigation

The area to be developed is a former industrial area less than 1.5 km from the city
center. On the basis of the solidarity between the City Planning Department
(Stadtbaudirektion) of the City of Graz, the Graz University of Technology and the
Federal State of Styria, the processing of the flagship project has been conceived.
Main project-issue is the scientific work and the demonstration of the vision of the
energy self-sufficient, CO2- neutral city-district Graz-Reininghaus. With the
Framework-Plan ECR an awareness-raising process towards energy-efficient and
sustainable city-development has been stimulated. The environmental department of
the City of Graz, (“Umweltamt der Stadt Graz”) and the “Energie Graz” are providing
additional professional input. If required, other experts and departments of the City of
Graz will be involved into the project. The research team was composed of different
institutes of the Graz University of Technology.

The size of the new urban quarter is about 100 ha and should be the residence of
8.000 to 10,000 people. According to the idea of an integrated neighborhood, there
should be 8,000 jobs as well. The area will be connected to the city by a tramway and
fast bike roads. Parking will be little; there will be less than one parking lot per flat,
most of them underground.

The west of Graz has been the industrial part of the City and still is. Still there is a
great number of industrial and commercial sites. They form the surroundings of the
new Smart City quarter and influence the quality of life there in several ways.
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Total Smart City Area in Graz: 396 ha
Smart Quarter: 49 ha

Investigated area Reininghaus: 96 ha
Don Bosco 35 ha

Figure 1: The area under consideration
3. Energy sources, nets and technologies
The city administration as set out a number of challenges for the energy concept:

e Energy- self-sufficiency for the City- district is the main aspiration. (Project

goal)

Supply security has to be guaranteed at any time

e Modular building structure of the city- quarters for the future (concept for
decades)

e Economical, political and legal framework conditions are to be taken into
account - dialogue between stakeholders!

e Best possible realization (results from the energy supply concepts to be put

into practice)

The energy sources under investigation are several. Inside the quarter, there is solar

radiation, wind, groundwater, biomass (from organic waste and from greens),
geothermic energy and waste heat from industries and commercial activities

including cooling installations. Around the quarter, there is energy from the district
heating system (supply and return pipe), natural gas, electricity and industrial waste

heat.

1"



Spatial Planning
Buildings, Locations, Mobility,
Utilisation...

Central Technologies
- .

Boile

large heat pumps, Refrigeration unit, ... Internal Energy-

sources
Solar radiation
Wind
Geothermal
Waste water

Ground Water
Biomass

Figure 2: The urban energy system and its boundaries

It was one of the optimization challenges to link the energy nets with suitable
technologies.
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The energy demand has been determined by the needs of the buildings (heating,
cooling), the people (sanitary hot water, electrical devices), the commercial activities
and mobility. For the thermal quality of the buildings, two scenarios have been taken
under consideration: energy efficient houses (now standard in Austria OIB ~30
kWh/m?2a) and near zero energy houses (NZE<18 kWh/m?a).

4. System design and optimization

4.1 Renewable energy potential
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According to the request for an energy system based 100% on renewable energy, an
estimation of the potentials has been carried out. Basis for this was:

e the estimation of the energy needed for heating, cooling sanitary water and
electricity for the buildings planned on the basis of two different energetic
standards (present OIB™: low energy, future NZE: near zero energy)

¢ the calculation of the available renewable energies (solar radiation, biomass,
waste water, soil) including realistic efficiencies of know technologies
(collectors, PV, heat pumps, biogas, ...). There is no wind and surface water in
the area investigated.

e For sanitary hot water we estimated 2 kWh/person/day.
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Figure 3: Yearly profiles of heat demand

These demand profiles were compared to the available renewable energies. The
calculation showed that for Nearly Zero Energy houses, there is enough thermal
energy all over the year. For the present standard in Austria, there is a need for
external energy two months in winter. The main sources in winter are ground water
and surface collectors.

1 OIB = Austrian Institute for Building Research
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Figure 4: Demand (bars) versus sources (lines cumulated) over year

More calculations in the project showed that the electricity demand could not be
covered from sources onsite, especially not if heat pumps are installed.

4.2 Process network Synthesis

Process Network Synthesis (PNS) is a method to optimise systems of material- and
energy flows. Methodical background is the p-graph method using combinatorial
rules (Friedler et al. 1996). For urban and regional planning the software tool PNS
Studio is used to find sustainable technology systems (Narodoslawsky et al: 2008).
Starting point of a PNS analysis is to set up a maximum structure. Hereby all
available raw materials and resources (including waste heat flows) can be defined as
well as the technology network which can convert them either to intermediates which
can be used in other processes or to products which can be sold on the market.
Capacities of technologies as well as availability, amount and quality structure of
materials are user-defined. Moreover time bound availabilities of resources, the
specific demand of products, mass- and energy flows, investment and operating
costs of the whole infrastructure, cost of raw materials, transport and selling prices for
products must be defined.

Result of the PNS is the output of a maximum structure. The method is carried out
with PNS Studio. The programme creates an optimum structure, which contains an
optimum technology network. For this application, the generation of the economically
most feasible technology network is in the centre of consideration by setting the
revenue for the whole system as target value.
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Maximum Technology Network Optimum Technology Network

Figure 5: Maximum and optimum technology network

With Process Network Synthesis (PNS) a maximum structure was generated. This
maximum structure contains a variety of possible technologies which can provide
energy needed. In each of the quarters of the case study area fossil gas driven CHP
units and gas furnaces, solarthermal plants, heat pumps with or without integration of
waste heat, photovoltaic power plants and air conditioner can provide heat, domestic
hot water, cooling energy and electricity needed.

5. Conclusions

For urban quarters with the building standard as demanded in the European Building
Directive, heating with local renewable resources is possible. Electricity in dense
areas has to be imported from the grid. For areas with a low density, electricity might
be generated onsite as well, but storage has to be managed.
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Abstract

In this study emergy analysis, an environmental valuation method was applied to concrete mixing with the
purpose of evaluating its dependence on non-renewable natural resources. Three concrete mixing
techniques, industrialized, semi-industrialized and manual, were evaluated based on quality control. The
quantity of environmental resources used in production was measured in terms of equivalent solar energy.
The resulting transformities were compared to show that emergy analysis is sensible to local context and
the limits of the reference system. The results obtained show that concrete mixing is highly dependent on
external resources. Semi-industrialized concrete was found to be the most sustainable.

Keywords: emergy analysis; environmental accounting; sustainability; transformity; concrete.

1. Introduccién

In recent years, economic development has generated negative environmental consequences.
There is now a pressing need to develop management tools that can help minimize environmental
impacts. In the construction industry and in the industrial sector in general, integrating environmental
criteria in the design and manufacturing of products can significantly reduce the environmental impact of
these products throughout their life cycle- from the extraction of raw materials for their manufacturing all
the way to their final disposal.

The Mexican Association of Independent Concrete-makers (AMCI) estimated, for the year of 2015
an eight percent growth in the sector, double the estimate of 2013, driven by federal infrastructure and
housing development projects in the country. The production of concrete in Mexico stands presently at 32
million m? annually. Production with existing infrastructure could be 50 million m3 annually.

Accordingly, this study refers to the intensive use of mineral non-renewable resources and fossil fuels for
the extraction of inert aggregates (sand and gravel), the use of water, the production of cement
for concrete mixing and, in particular, evaluates the quantity of inflows of environmental resources in the
production process. Concrete mixing was evaluated as a study case, considering the standard process for
the manufacturing of Composite Portland Cement 30R. In comparison with data and values calculated
previously, this study shows that emergy analysis is particularly sensible to context limits and reference
systems (Brown y McClanahan, 1992; Buranakarn, 1998; Bjorklund et al., 2001; Brown y Buranakarn,
2003; Pulselli et al., 2008). An ecological accounting method was implemented in the concrete mixing
techniques included in this study with the objective of providing better comparing each technique’s
sustainability.

2. Methodology

2.1 Emergy analysis

Emergy analysis evaluates inflows and outflows of energy and materials in common units (solar emjoules,
abbreviated as seJ) that allow the analyst to compare environmental and financial aspects of the system.
Based on this unit, emergy can be defined as the quantity of solar energy used, directly or indirectly, to
produce a particular good or service (Brown et al., 2004). In other words, emergy is the "energy memory"
that is used along a sequence of processes to obtain a good or service. Solar transformity is the
solar emergy required to generate a Joule of a service or a product. Its units are the solar-emjoule/Joule
(sedlJ).
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Taking the region into account, the use of nonrenewable resources by the construction industry was
evaluated by means of an emergy analysis. This procedure followed a top to bottom approach beginning
with an emergy analysis of the country (Mexico), then the state of Chiapas, the municipality of Tuxtla
Gutierrez, and finally at the level of each technique studied. The objectives of this study are presented as
follows:
e Provide a methodology that evaluates the costs and benefits of the concrete mixing.
e Compare different concrete mixing techniques using emergy indexes such as
the Emergy Investment Ratio (EIR), Emergy Sustainability Index (ESI), and Transformities.
According to the information collected in the study case zone and to the present knowledge of the field
of emergy analysis, three techniques were identified for the production of hydraulic concrete. In addition,
the local construction industry referred to f'c=24.53 MPa concrete as the most used in the zone.
For the study of the alternatives related to concrete mixing three techniques, 1) industrialized 2) semi-
industrialized and 3) manual, were selected and evaluated by means of an emergy analysis. The
comparison was done using the emergy indexes obtained for each case study in the city of Tuxtla
Gutierrez, Chiapas, Mexico, to determine the environmental viability of each of these options. The unit of
evaluation was the cubic meter.
The following specifications were considered for each technique:
e Industrialized technique: This technique can be distinguished from the other two techniques by the
use of heavy machinery, such as concrete plants, mixing trucks and front loaders, with eight workers
required for the whole production process.
e Semi-industrialized technique: The main characteristic of this technique is the use of simple
machinery (portable drum mixer) combined with manpower (a group of about ten workers). Helped by
a gasoline powered concrete mixer, this technique is used for the mix of moderate volumes (no more
than 45 m3 by group of workers).
e Manual technique: This technique uses about fifteen workers with moderate skills, including two
technicians, one of them directing the workforce and the other supervising quality. With help of simple
tools and without the use of fuels, electricity or mechanical energy, this method is generally employed
for small volume production (no more than 10 m? per group of workers).
For this study, the transformities for the inert aggregates (gravel and sand), cement and water were
calculated for the city of Tuxtla Gutierrez, Chiapas, Mexico. The valuation was done taking into account an
annual production of 70,000 m3 for industrialized concrete, and a daily production for semi-industrialized
and manual concrete of 45 m3and 10 md respectively. The transformity of cement was based on the
annual production of 2,190,000 tons of the local cement plant. The transformity employed for sand
corresponds to the extraction area of the Santo Domingo River located in the municipality
of Chiapa de Corzo, Chiapas, at a distance of 30 km from the city of Tuxtla Gutierrez, Chiapas. The
crushed gravel was extracted from the quarry located in the neighborhood of Plan Chiapas in the
municipality of Chiapa de Corzo where it borders with the municipality of Tuxtla Gutierrez.
The emergy indexes employed in the study were: the EIR, calculated as the relationship between
contribution from the economy (F) and nature (I), which is adimensional. The ESI shows the contribution
of the natural environment, that is to say, the energetic work that the ecosystems do to generate
processes for the environmental load. This value was calculated dividing the contribution of nature by the
environmental load.
Finally, the calculated emergy values of concrete in this study were compared with those
in previous emergy studies with the objective of showing how emergy analysis is sensible to local context
and the limits of the reference system.

3. Results and discussion

This study allowed a comparison between the different concrete mixing techniques selected,
using emergy indicators such as EIR and ESI. The emergetic attributes of each system were quantified
and used as indicators of the characteristics of each technique. For the evaluation of each alternative, the
concrete considered was f'c= 24.53 MPa. These proportions were obtained at the Concrete Technology
Laboratory at the Engineering Deparment of the Universidad Auténoma de Chiapas, for the study cases of
manual and semi-industrialized techniques. The corresponding indicators for industrialized concrete were
obtained from a concrete factory in the city of Tuxtla Gutierrez, Chiapas, Mexico.

The diagram of energy flows interacting within the concrete mixing system shows (Figure 3.1) renewable
and nonrenewable resources as well as the energy acquired by inputs (materials, services, manpower).
Based on the flow diagrams, an emergy analysis was performed for each alternative and is presented
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in Tables 3.1, 3.2 and 3.3. For each case, the emergy of concrete mixing was based on the following
supplies: raw materials, transportation, equipment and machinery, fuels, manpower, maintenance and
insurance.

The total emergy consumed by each mixing technique was of 5.9 E15 seJ, 5.87E15 seJ and 8.32E15 seJ,
with manual means, semi-industrialized and industrialized, respectively as can be seen on Tables 3.1, 3.2
and 3.3.In the mixing of industrialized concrete, 98.14% of the total emergy is materialized in the
sedimentary natural cycles of construction materials. Machinery accounts for (0.084%), fuel for (1.00%)
and manpower for (0.24%). With semi-industrialized concrete, 99.44% is materialized during the
sedimentary natural cycles of construction materials. Equipment and tools account for (0.045%), fuels
(0.022%) and manpower (0.076%). Finally, concrete mixed by manual means shows that 98.02% of the
total emergy is materialized in the natural sedimentary cycles of the construction materials. Equipment
and machinery account for (1.47%), and manpower for (0.50%).
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Figure 3.1: Simplified diagram of energy flows in the production of concrete.
Table 3.1: Emergy analysis of the production of industrialized concrete
No. Description Units (unid/m?) Tra:j,’[ﬁ';y s ;:‘_ﬁ:ﬁ}; References
MATERIALS
1|Cement 4.00E+05 |g 3.61E+09 1.44E+15 *
2 |River Sand 1.07E+06 | g 3.29E+09 3.53E+15 *
3 [Crushed gravel T.M.A. 3/4" 142E+06 | g 2.24E+09 3.19E+15 *
4 |Water 2.51E+05 g 3.27E+06 8.19E+11 *
5 [Diesel 1.08E+08 J 6.60E+04 7.13E+12 [Doherty et al, 1994
6 |Lubricants 3.21E+05 J 6.60E+04 2.12E+10 [Doherty et al, 1994
7 [Electric power 2.76E+08 |J 2.77E+05 7.63E+13 |Odum, 1996
PLANT AND MACHINERY
8 |Concrete doser 1.86E+02 g 6.70E+09 1.25E+12 |Doherty et al, 1994
9 [Cement Silo 8.06E+01 g 6.70E+09 5.40E+11 [Doherty et al, 1994
10 |Aggregate hopper 5.58E+01 g 6.70E+09 3.74E+11 [Doherty et al, 1994
11 [Conveyor belt 3.10E+01 g 6.70E+09 2.08E+11 [Doherty et al, 1994
12 |Cement weighing machine 2.23E+01 g 6.70E+09 1.50E+11 |Doherty et al, 1994
13 |Aggregate weighing machine 3.47E+01 g 6.70E+09 2.33E+11 [Doherty et al, 1994
14 |Water doser 2.48E+01 g 6.70E+09 1.66E+11 |Doherty et al, 1994
15 |Front loader 4.30E+02 g 6.70E+09 2.88E+12 [Doherty et al, 1994
16 [Mixing truck 1.14E+02 | g 6.70E+09 7.64E+11 [Doherty et al, 1994
17 |[Dump truck 5.95E+01 g 6.70E+09 3.99E+11 [Doherty et al, 1994
ISERVICES
18 [Manpower 4.19E+06 J 4.77E+06 2.00E+13 |Guillén, 1998
19 [Maintenance and insurance 9.46E-01 $ 4.59E+13 4.34E+13 *
*Transformity calculated for this study Y= 8.32E+15
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Table 3.2: Emergy analysis of the production of semi-industrialized concrete

No. Description Units (unid/m3) Tra:j;g:‘?:")ty (s ::37"’?)' References
IMATERIALS
1|Cement 4.02E+05 |g 3.61E+09 1.45E+15 >
2|Sand 7.25E+05 |g 3.29E+09 2.38E+15 *
3 |Crushed Gravel T.M.A. 3/4" 9.04E+05 |g 2.24E+09 2.02E+15 *
4 |Water 2.33E+05 |g 3.27E+06 7.60E+11 >
5 |Gasoline 1.92E+07 |J 6.60E+04 1.27E+12 [Doherty et al, 1994
6 |Lubricants 3.33E+04 [J 6.60E+04 2.20E+09 |Doherty et al, 1994
[EQUIPMENT AND TOOLS
7 Wooden shovel handle 3.82E+03 |[g 6.79E+08 2.59E+12 [Odum, 1996
8 |Spoon shovel with metallic handle 8.77E-01 g 3.16E+09 2.77E+09 [Bargigli et al, 2003
Plastic container with 19 liters 1738400 |g
9 |capacity. . 8.57E+04 1.48E+05 [Brown et al, 2003
10 |Portable mixer with 2 sacks capacity 7.42E+00 |[g 6.70E+09 4.97E+10 |Doherty et al, 1994
ISERVICES
11 [Manpower 9.30E+05 |J 4.77E+06 4.44E+12 (Guillén, 1998
12 Maintenance and insurance 6.36E-05 |$ 4.59E+13| 2.92E+09 *
*Transformity calculated for this study Y= 5.87E+15

Table 3.3: Emergy analysis of the production of concrete by manual means

- Units Transformit Emer
No. Description unidim?) (seJIunid)y (seJInsg) References
MATERIALS
1| Cement 4.02E+05 g 3.61E+09 | 1.45E+15 *
2| Sand 7.25E+05 g 3.29E+09 | 2.38E+15 *
3 | Crushed gravel T.M.A 3/4" 9.04E+05 g 2.24E+09 | 2.02E+15 *
4 | Water 2.33E+05 g 3.27E+06 | 7.60E+11 *
EQUIPMENT AND TOOLS
5 | Wooden shovel handle 1.29E+05 g 6.79E+08 | 8.76E+13 | Odum, 1996
6 | Spoon shovel with metallic handle 2.96E+01g 3.16E+09 | 9.35E+10 | Bargigli et al, 2003
Plastic container with 19 liter 1476401 g
7 | capacity. ) 8.57E+04 | 1.00E+06 | Brown et al, 2003
SERVICES
8 | Manpower 6.28E+06J 4.77E+06 | 3.00E+13 | Guillén, 1998
*Transformity calculated for this study Y= 5.98E+15

The EIR value of industrialized concrete is higher when compared with the same value for semi-
industrialized concrete and concrete produced by manual means. The value stands at 10,161 for
industrialized concrete, at 7,724 for semi-industrialized concrete and at 7,867 for concrete mixed by
manual means. This value suggests a weak competitive capacity due to the instability of external
sources of materials. Figure 3.2 shows a comparison of the EIR for the three different techniques.

Emergy 15,000

Investment
10,000
" ’ .
0 ¥

Industrialized Semi- Manual
industrialized means
EIR F/(R+N) 10,161 7,724 7,867

Figure 3.2: Emergy Investment Ratio of concrete mixing.

The ESI indicates the contribution of the natural environment, meaning that the energy work that is done
by ecosystems to generate processes that act upon the environmental load. According to Brown
and Ulgiati (2004), ESI values inferior to 1 indicate systems that consume resources and are associated
with highly developed, consumption-oriented economies. The values reported in this study indicate that
semi-industrialized concrete (0.000129) has a higher ESI value than that of concrete produced by manual
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means (0.000127) and industrialized concrete (0.0000984). This means that semi-industrialized concrete
is the one that impacts environmental equilibrium to a lesser degree, and is therefore more sustainable for
the environment than industrialized concrete and concrete produced by manual means. In relation to this
index it is important to note that the main difference between semi-industrialized (4.44E+12) and manual
production (3.00+13) is the manpower employed. Figure 3.3 shows a graphic comparison of the ESI
results obtained for each alternative.

Sustainability

Environmental 1.00E-04
9.90E-05
9.80E-05 -
9.70E-05
Industrialized Semi- Manual
industrialized means
ESI EYR/ELR 9.84E-05 1.29E-04 1.27E-04

Figure 3.3: Sustainability in the production of concrete

With relation to other studies conducted in reference to the mixing of industrialized concrete, the following
significant differences were found:

In Bjorklund et al (2001): the authors used solar transformity values in a national context. For example,
the transformity of electricity is very specific, because it was evaluated according to production processes
in Sweden, which includes nuclear energy (33%- here represented with the transformity of median world
electric production), and hydroelectric energy (66%). In the present study, the emergy evaluation of
cement production is not considered in the whole production process, and this represents an important
approximation. In regards to the main supplies used in concrete mixing, the present study only considers
the use of limestone, electricity and petroleum, while other inputs such as transport, packaging and
services like manpower machinery and fuel were not evaluated. Electricity and manpower were evaluated
by means of an emergy/money relation.

In Buranakam (1998), specific emergy was evaluated for the United States. The analysis included an
evaluation of highways, vehicles and infrastructure used, taking into account the whole national
transportation system. The author calculated the total length of national highways and their production
process (materials, energy, manpower and other services), taking into account the annual cost of
construction. This value (in seJ/km) was divided by the percentage of buses in relation to the total weigh
of vehicles (cars, buses, trucks, and others). The same was done with railroads and maritime services
(boats). In general, the useful life of highways, vehicles and all relevant infrastructures was not taken into
account. Manpower and other services were evaluated using an emergy/money relation.

In the work of Brown and Buranakam (2003), the emergy evaluation was done based in Buranakam 1998,
and it took into account the different stages in the use of materials, demolition and reuse.
Accordingly, their analysis had to do with process inputs that had to do with specific procedures. The
present work had the objective of determining the transformity of concrete, from its origin, to its use in the
construction of buildings- excluding the disposal stage.

Similarly, Brown and McClanahan (1992) evaluated the specific emergy of Thailand with reference to the
energy sources available at the local level. This analysis was carried out in 1992, using data from 1983.
The emergy analysis was very simplified in comparison to the one in the present study due to the fact that
the authors considered some problems such as material flows, petroleum and electricity as energy flows
and other goods and services, this last one evaluated in terms of money flow (by means of
an emergy/money relation).

On the other hand, Pulselli et al. (2008) centers his attention on the production process of the Italian
cement and concrete industry. Most the values of the transformities in the study were evaluated in the
U.S.A. The authors carried out an evaluation of a specific process taking into account a specific amount of
23 tons of concrete and its transportation to the construction site. In the selection of this system they
consider some insignificant factors such as the evaluation of the total national transportation infrastructure
(highways and other services). Figure 3.4 compares the transformities of concrete obtained by the authors
previously cited and compares them with the results obtained in this work.
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Figure 3.4: Comparison of the transformities of concrete.

4. Conclusions

The emergy method allowed for an analysis that considers the relationships between natural systems and
anthropic activities and helps us look for strategies that are ever more sustainable.

The EIR was evaluated as an indicator of sustainability by measuring dependency on local or external
sources. It was demonstrated that concrete mixing processes depend to a high degree in supplies
obtained from outside the system (emergy input from imports).

The ESI was employed as a measure of the contribution of the system hierarchically higher to the
production of the system by load unit of itself. The results show that semi-industrialized concrete (1.29E-4)
is more sustainable than concrete manufactured by manual means (1.27E-4) or by industrial processes
(98.4E-4).

Emergy analysis provides a way to measure the sustainability of concrete mixing techniques based on
quality control in terms of energy investment. Many units of low quality energy are used to provide high
quality energy (high Transformity). Energy is materialized by means of a chain of transformative
processes and its memory is conserved by the production structure.
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Abstract. The paper aims at showing that the problems concerning the aspects mentioned in the title can
better be analyzed by focusing on the formal languages adopted to describe them.

This is because any formal language is always the faithful “reflex” of the subjacent mental categories
aprioristically adopted to describe the surrounding world. At the same time, the recognized expressive
capacity of any formal language decisively influences the way of thinking, decision making and acting.

Up to know all the aforementioned aspects have usually been dealt with in terms of Traditional Differential
Calculus (TDC), which however presents some unsolvable and/or intractable problems and, in some cases,
it offers solutions characterized by a “drift” (with respect to experimental results), which often represents a
“symptom” of possible “side effects”.

A different formal language, however, is now contextually possible. It is precisely that which emerges from
the original thermodynamic approach proposed by Boltzmann and Lotka and, afterwards, much more deeply
developed by H. T. Odum. A new scientific approach that has more recently led to a formal language termed
as Incipient Differential Calculus (IDC).

The different solutions obtainable by adopting the two distinct formal languages, although with reference to
the same problems, will be illustrated through the following ostensive examples: the research for equilibrium
conditions in a free-market economy, the development of renewable energy sources, climate change
forecasts, and some problems related to human health (for instance, new oncological therapies).

The paper concludes by asking a basic question: “Where are we going?”

In this respect the paper delineates three possible answers: i) a generalized persistence in the traditional
formal approach (TDC); ii) some occasional adoptions of the innovative IDC approach; iii) more probably it
may be expected the adoption of both approaches at the same time, so as to choose the optimal solutions
on the basis of the corresponding experimental results.

1. Introduction. The fundamental role of formal languages

As already anticipated in the Abstract, any formal language plays a fundamental role because of two different, albeit
strictly related reasons. On the one hand, in fact, any formal language is always the faithful “reflex” of the subjacent
mental categories aprioristically adopted to describe the surrounding world. On the other hand, and at the same time, the
recognized expressive capacity of any formal language decisively influences (or rather “guides”) the corresponding way
of thinking, decision making and acting.

Let us then start by considering the two different formal languages that, at present, can be recognized as being the most
known and adopted.

2. The two most known scientific formal languages

The scientific formal languages we are referring to are, on the one hand, the Traditional Differential Calculus (TDC),
widely adopted in Modern Science and, on the other hand, the Incipient Differential Calculus (IDC), which originates
from the theory of Self-Organizing Systems.

Let us first consider the Traditional Differential Calculus (TDC), which strictly pertains to the Traditional Scientific
Approach and deeply characterizes all Modern Science.

2.1 The Traditional Differential Calculus (TDC)
As is well-known, Modern Science is characterized by a persistent ascendancy toward ever more general Physical Laws
and Principles.
However, before any formulation of a single hypothesis or a physical theory, Modern Science (let us say, from Newton
on) adopts three fundamental pre-suppositions (see the left hand side of Tab. 1 (Giannantoni, 2016)): the causality
principle (also termed as “efficient causality”), classical logic (also termed as “necessary logic”), and functional
relationships (between the various parts of any System analyzed).

On the basis of such fundamental presuppositions, Modern Science develops a strictly conform consequential
formal language, that is the Traditional Differential Calculus (TDC), which is based on the well-known concept of
derivative (of any order n):

(%)“f(t)— lim[a”jnf(t) -

T a0l At
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On the basis of such a formal definition, Modern Science progressively ascends toward ever more general
Physical Laws and Principles, which lead to the conclusion that: “Every System is a mechanism” (see Tab.1).

Such a conclusion, however, although confirmed by experimental results, it is an assertion that can be considered
as being valid only from an operative point of view, but not from an absolute point of view. This is because “necessary
logic” (which is adopted as a second basic presupposition of such a scientific approach) does not admit any form of
“perfect induction”.

In fact, as synthetically illustrated in Tab. 1, in the strict context of “necessary logic”:

i) after having formulated a single or more hypotheses (such as in the case of a Theory);

ii) after having formalized them in an appropriate formal language (faithfully conform to the three above-mentioned
basic presuppositions);

iii) after having drawn the consequential conclusions

iv) and after having also obtained experimental confirmations of the previous formal conclusions;

v) it is impossible, in any case whatsoever, to assert the uniqueness of the inverse process. That is: it is impossible to
show that the hypotheses adopted are the sole and unigue hypotheses capable to explain those experimental results.

This is precisely because of the absence, in the context of “necessary” logic, of any form of a perfect induction.

In fact, only in the presence of a perfect induction it would be possible to assert the uniqueness of the inverse
process and, consequently, to transform the adopted hypotheses into an absolute perspective.

This means that Modern Science, precisely because based on necessary logic, should always be “open” to
recognize that there always exist many other possible Approaches (in principle infinitive) capable to interpret the same
experimental results.

2.2 A new formal language that originates from the phenomenological description of
Self-Organizing Systems

After having synthetically recalled the basic characteristics of Modern Science and its corresponding formal
language, we can now analyze the fundamental properties of a New Scientific Perspective, which leads to the
introduction of the Incipient Differential Calculus (IDC). The fundamental properties we are referring to are
synthetically indicated in parallel (for a better comparison) in the right hand side of Tab. 1.

Basic Presuppositions “Emerging Quality” of Self-Organizing Systems
1) causality principle (efficient causality) 1”) Generative Causality
2) classical logic (necessary logic) 2”) Adherent Logic (Emerging Conclusions)
3) functional relationships 3”) Ordinal Relationships

Development of an appropriate Language

- L. Boltzmann, A. Lotka
- H. T. Odum: Emergy Algebra and M. Em-P. P.
- Further developments in transient conditions _

- Introduction of the “Incipient” derivative d/dt

d/dt is the corresponding formal translation

f(t) representsa functional relationship

- Thermodynamic Principles (1st , 2nd, 3rd) The Maximum Ordinality Principle

- Physical Laws (specific for each Discipline)

is applicable to any Field of analysis: non-living
Systems, living Systems, “thinking” Systems (e.g.

1 3 3 ”
Every System is a “Mechanism Human Systems)

Hypotheses Lo - at any space-time scale and in variable conditions
\
“ - it also offers a more appropriate description of
Mathematical Formalization \ any given System and its surrounding habitat
1
I H
Conclusions /| Every System is a “Self-Organizing System”

Confirmation by experimental results -’

Tab. 1 - Synoptic comparison between the basic presuppositions of the two differential formal
languages and their main corresponding fundamental characteristics

Such a New Scientific Perspective is based on the phenomenological “Emerging Quality” of Self-Organizing

Systems (Giannantoni, 2016). This represents the fundamental aspect that leads to the adoption of the corresponding
new mental categories.
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In fact, the expression “Emerging Quality of Self-Organizing Systems” refers to the fact that Self-Organizing
Systems always show an unexpected “excess” with respect to their phenomenological premises. So that they usually
say: “The Whole is much more than its parts”.

Such an “excess” can be termed as Quality (with a capital Q) because it cannot be understood as being a simple
“property” of a given phenomenon. This is because it is never reducible to its phenomenological premises in terms of
traditional mental categories: efficient causality, logical necessity, functional relationships.

This evidently suggests a radically new gnoseological perspective, which corresponds to recognize that: “There
are processes, in Nature, which cannot be considered as being pure “mechanisms”.

This also leads, in adherence, to the adoption of “new mental categories” and, correspondently, to the
development of a completely new formal language, so that the description of Self-Organizing Systems might result as
being faithfully conform to their phenomenological “Emerging Quality”.

1

2.2.1 The Progressive Development of an appropriate Formal Language based on

the new concept of “Incipient Derivative”

Self-Organizing Systems and their “emerging properties” began to be studied by L. Boltzmann toward the end of
XIX century (Boltzmann, 1886). Several other Authors (e.g. A. Lotka) dealt with such a theme (Lotka, 1922a,b, 1945).
However, Self-Organizing Systems received the most significant contribution by H.T. Odum, by starting from 1955 on
(Odum, 1994a,b,c).

All these studies led us to recognize that the “Emerging Quality” of a Self-Organizing System can appropriately
be represented by means a new concept of derivative, the “Incipient Derivative”, defined as

-4
Ly r(0)= Lim o) &
dt Ar0-0" At

o 1) for g=min .

Such a definition, in fact, clearly shows that the concept of “Incipient Derivative” cannot be understood as an
“operator”, like the traditional derivative (d /dt) . In fact it could better be considered as being as a “generator”. This

is because it describes a Process in its same act of being born (Giannantoni, 2001a,b, 2002, 2004a,b, 2006, 2008a,
2010a).

In this respect, the “Incipient Derivative” is exactly the formal concept that allowed us to reformulate Odum’s
Maximum Em-Power Principle into a more general form, that is, as the Maximum Ordinality Principle (M.O.P.)
(Giannantoni, 2016). A Principle which (see right hind side of Tab. 1) is applicable to any Field of analysis: non-living
Systems, living Systems, “thinking” Systems (e.g. Human Systems), at any space-time scale and in variable conditions.
It was so renamed because the related concepts of Emergy and Transformity, introduced by H.T. Odum, are replaced by
the concept of Ordinality.

On these bases, by adopting the M.O.P., every System can be described as a “Self-Organizing System”.

At this stage, after having presented the main differences between the two afore-mentioned formal languages, we can
consider some ostensive examples which can clearly show their profound (both conceptual and practical) differences.

3. Ostensive examples in various different fields of analysis

As anticipated in the Abstract, we will now consider some ostensive examples (among many other possible).

In particular: i) the research for equilibrium conditions in a free-market economy; ii) the development of renewable
energy sources; iii) climate change forecasts, iv) and some problems related to human health (such as, for instance,
new oncological therapies).

3.1 The research for equilibrium conditions in a free-market economy

Neo-Classical Economics, which at present seems to represent the most followed Economic Theory in the world,
usually adopts the Traditional Differential Calculus (TDC) as its proper formal language.

In spite of its wide theoretical diffusion, Neo-Classical Economics is characterized, from its same origin (at the
beginning of the XX century) by an unsolvable problem: The three-good two factor Problem, which has never been
solved up to now.

This Problem (as clearly states its “title”) consists in the fact that, given three goods, in a free market,
characterized by two productive factors (Kapital and Labour), such three goods do not reach an equilibrium condition.

! These “new mental categories” can no longer be termed as “pre-suppositions”, because they are not defined “a priori” (as in the case of the
Traditional Approach). In fact, they are chosen only “a posteriori”, on the basis of the “Emerging Quality” previously recognized from a
phenomenological point of view. “Generative Causality”, in fact, refers to the capacity of a Self-Organizing System to manifest an “irreducible
excess”; “Adherent Logic”, correspondently, refers to the capacity of our mind to draw “emerging conclusions”. That is, “conclusions” whose
information content is much higher than the information content corresponding to their logical premises, although persistently “adherent” to the latter.
“Ordinal Relationships™, in turn, refer to particular relationships of genetic nature (similar to those between two brothers), which will be illustrated in
more details later on in the various examples considered in the paper.
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This result clearly shows that a free market cannot be considered as being a simple “mechanism”.
A free market, in fact, is characterized by “Initiative”, “Inventiveness” (understood as a “continuous development of
new products”), without considering that any transaction always generates “Extra” Benefits of Ordinal Nature
(Giannantoni, 2009), which are irreducible to a traditional description in terms of causality, necessity, functionality.

All these conditions suggest that a free market can more appropriately be model as a “Self-Organizing System”.
This is because the above-mentioned characteristics always represent “Emerging Aspects” which cannot properly be
represented in terms of TDC.

In fact, when “The three-good two factor Problem” is modeled as a ”Self-Organizing System” in the light of the
M.O.P. (that is in terms of IDC), the Problem can be solved for an arbitrary number of goods (N . ), in the presence of

Three Productive Factors: Capital (K), Labour (L) and Natural Resources (N) (Giannantoni, 2011).
The corresponding “Emerging Solution” is given by the following Harmony Relationships (ib.)

(K1 jer, Lo, N} =V (1)), ® (K10, Lis, Nio} - j=13,...N, 1 3.

where, as usual, the index “12” represents an arbitrary couple of goods assumed as a reference, while the term

QR ; represents the NV, —1 Ordinal Roots of Ordinal Unity {1} (Giannantoni, 2012).

It is also obvious that, in the presence of two sole productive factors, the solution can simply be obtained by assuming
that N = 0.

3.2 Development of renewable energy sources. Intrinsic Instability of Smart Grids

This example could also be seen as a transposition, to the case of Smart Grids, of the same concepts previously
analyzed in economic terms.

A Smart Grid, in fact, is designed on the basis of electromagnetic laws that are valid for electrical circuits
(Kirchhoff's laws). This means that any Smart Grid is conceived as a sort of a “mechanism”, formally described in
terms of Traditional Differential Calculus (TDC).

Now, the same fact that a Smart Grid may present some form of “instability” suggests that its conception as a
“mechanism” is not the most appropriate one.

From a phenomenological point of view, in fact, when a Smart Grid reaches the number of about 100.000 plants
(or more), it may present some forms of instability. The latter can always be described, in pure formal terms, as being
associated to a distortion “drift” in some physical parameters (with respect to a perfect sinusoidal trend). Such a “drift”
generally tends to amplify even under normal exercise conditions, because of the different currents produced by the N
generators (Giannantoni, 2012).

However, when the instability leads to a blackout, the latter can more properly be considered as a form of “side
effect” of the Smart Grid. In fact it can precisely be seen as the consequence of the fact that the Grid is conceived in
such a way as all the electrons are “forced” into the Grid according to Kirchhoff's laws, by means of N generators,
which, on the other hand, are ropologically distributed according to some particular and specific “functional”
exigencies.

Such a particular behavior, on the contrary, can more appropriately be seen as the manifestation of some
“Emerging Properties” (of a Smart Grid) which cannot be “captured”, in formal terms, by means the “rigid properties”
of the Traditional Differential Calculus (TDC).

This becomes particularly clear if we consider what was already pointed out by P. Anderson (Nobel Prize in
Physics 1977): “A complex aggregate of electrons shows properties that are not reducible to their sum” (Anderson,
1972). In other words, “a complex aggregate of electrons™, although “forced” by generators into electrical circuits,
always tends to behave as a “Self-Organizing System”.

This means that, by modelling a Smart Grid in the light of the M.O.P., and thus in terms of IDC, the distribution
of the N Generators (and their related connections) should not be designed in mere functional terms. On the contrary,

they should topologically be distributed in such way as the Voltage (Vi ), Current (/;) and Phase (®D;) of each
generator satisfy, at any time 7, the Harmony Relationships pertaining to the Smart Grid under consideration:

> 7 - P s .
s D, D = i Y12, . =13,...... -
Wit Lo, @1 1 =CYH{L) ;® V12, Vi, D12} j=13,....N—1 4)

N=f T
where, as usual, the index “12” refers to an arbitrary couple of generators assumed as reference, while ( \/I)
represents the N-1 Ordinal Roots of Ordinal Unity (1) (Giannantoni, 2012).

Under such conditions, the Smart Grid not only presents an intrinsic Ordinal Stability, but also presents, as an
“Emerging Exit” (or “Extra Benefit”), an additional Ordinal Stability with respect to cyber attacks too. (ib.).
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3.3 Climate change forecasts. The “Unexplained” Sea Level Rise over the Period
1900-2000

Global sea level has been rising at a rate of around 1.8 mm per year (i.e. 18 cm/century). This rate is still
increasing. Measurements from satellite altimetry indicated a mean rate of 3.1 mm/year in the period 1993-2003 (IPCC,
2007). More recent data indicate a value of 3.2 mm/year (WMO, 2013).

The real trend of such an increase has been registered by means of 23 long tide gauge records, in geologically
stable environments distributed all over the world, provided by the Permanent Service for Mean Sea Level (2010).
Theoretical estimations, on the contrary, lead us to foresee a trend of 6.0 cm/century.

Such a discrepancy represents an “enigma”. In fact: “Two processes are involved: an increase of the mass of
water in the oceans (the eustatic component), largely derived from the melting of ice on land, and an increase of the
volume of the ocean without change in mass (the steric component), largely caused by the thermal expansion of ocean
water.” (Meier & Wahr, 2002, p. 1).

The eustatic contribution of 6 cm attributed to IPCC leads to a residual rise to be explained of 12 cm to the end
of the century, which cannot be accounted for by steric expansion only. (ib.)

On the other hand, other potential effects do not seem to be able to explain such a difference. This is because,
from a simple quantitative point of view, they only give marginal contributions. Consequently, they are insufficient to
account for the observed drift of 12 cm.

A preliminary interpretation of such a “drift”, essentially based on the differences between the expansion series
expressed in terms of TDC and, correspondently, the expansion series obtainable by adopting IDC, has already been
given in (Giannantoni & Zoli, 2009). In that case the resulting analysis led us to show that the description of the process
in terms of “Incipient Derivatives” is able to explain a net increase of not less than 17.0 cm/century (ib.).

This result is already sufficient, by itself, to show that the “un-explained” recent sea level rise is due more to an
intrinsic limitation of the mathematical models usually adopted to describe physical systems (in terms of TDC) than to
new (or not yet identified) causes. This can surely be asserted precisely because the obtained results do not refer to
future trends, but concern past effects, that is already registered and accurately measured.

The afore-mentioned results, however, can also be analyzed from a more general point of view. That is, in the
light of the M.O.P.. In particular, by means of an associated Ordinal Simulator termed as “Emerging Quality Simulator”
(EQS), which faithfully represents the various Harmony Relationships between the different parts of the system
analyzed.

The Simulator, in fact, is structured in such a way as to represent the Ordinal Interactions between all the
different physical Systems involved in the process (sea, ice, hearth, sun, etc.). Interactions that, because of their Ordinal
Nature, are precisely those that represent the real “generative cause” of that registered “unexpected” trend.

According to such an interpretation, in fact, it becomes evident that the “unexpected” trend of the sea level rise
is nothing but an “Emerging Exit” of a unique “Self-Organizing System”.

Such an example is particularly meaningful because it clearly shows that the “separation” between different
effects (as usually happens when adopting an approach based on TDC) not always leads to the expected results.

3.4 New Oncological Therapies. The Immuno-targeted Therapies

The Immuno-targeted Therapies (or molecularly targeted therapies) represent one of the major modalities of
medical treatment for cancer. Such therapies, in fact, block the growth of cancer cells by interfering with specific
targeted molecules needed for carcinogenesis and tumor growth.

Targeted cancer therapies are very promising, because they are expected to be more effective than older forms of
treatments and less harmful to normal cells.

The most successful targeted therapies are substantially based on chemical entities that target a protein (or
enzyme) that carries a mutation or other genetic alteration that is specific to cancer cells.

However, a fundamental “limitation” of targeted therapies is represented by the fact that, at present, it is
impossible to know in advance the affinity between the selected “molecule” and its corresponding “target”, because of
the intrinsic insolvability, in explicit terms, of the famous “Three-body Problem”, as demonstrated by H. Poincaré in
1889 (Poincaré, 1952). This also leads to a corresponding additional “limitation”: the intractability of the problem in
numerical terms. In fact, the research for a numerical solution to the afore-mentioned interaction problem often
overcomes the computation capacities of the most powerful computers at present available (10 Petaflops).

Both such limitations, however, are simply a direct consequence of the fact that, in essence, any targeted therapy
is always conceived as a “mechanism”. In fact, any targeted therapy is understood as an interaction between two basic
entities, both thought (and modeled) as two distinct “mechanisms” that, through their reciprocal interaction, give origin
to an even more complex final “mechanism”.

As it is evident, such a particular description is nothing but a necessary consequence of the mathematical
language adopted (namely TDC) and its “subjacent” presuppositions (see Tab.1).

As a further direct consequence of such a description, the efficacy of any targeted therapy can only be defined “a
posteriori”. That is, only on the basis of the results of corresponding ex post analyses, based on in vitro and in vivo tests,
and only after some preliminary specific tests (of the same therapy) on a restrict number of selected patients.

If, on the contrary, the considered targeted therapy is modeled as an interaction between two Self-Organizing
Systems, it is always possible (as already shown in the more general case of Protein-Protein Interaction (Giannantoni,
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2015)), to get the explicit formal solution to the process and, consequently, the corresponding formal structure of the
final compound, together with its associated topological configuration. The latter, in fact, when compared with the
topological configurations of the two interacting systems, enables us to evaluate, in advance, the affinity between the
two interacting entities and, correspondently, to foresee the real efficacy of the therapy.

As it is easy to understand, this different approach to a pharmacological evaluation of targeted therapies offers

some very important advantages. In fact:
i) in the case of two or more theoretical “entities”, all of them designed for the same targeted therapy, the approach
based on Self-Organizing Systems (and thus on the formal language TDC) allows us to establish a “hierarchy” between
the various pre-designed “molecules” under consideration. A “hierarchy” which is based, in particular, on their specific
affinity with the selected target and, consequently, on the potential efficacy of the corresponding targeted therapy.

What’s more, the basic advantage is that such a “hierarchy” can evidently be obtained a priori. This allows us to
focus on the most efficient “molecule” (among all those theoretically designed for the same targeted therapy), and then
to research for the corresponding experimental confirmation through appropriate tests (in vitro, in vivo, etc.) with
exclusive reference to the most favorable “molecule” selected on the basis of the previous formal approach. This leads
to save both costs and time, because it becomes possible to neglect all the other less favorable potential possibilities;

ii) a further particular advantage manifests when the targeted therapy foresees the adoption of two (or more) molecules,
theoretically designed so as to interact with the same selected target according to a pre-defined time sequence.

In such a case the approach based on IDC is able to show that the most appropriate sequence of the two (or
more) considered entities can lead to a “global efficacy” which can be even higher than the corresponding efficacy
when the latter is estimated by considering two distinct and separated interactive processes. This is because, as it
usually happens in Self-Organizing Systems, “The Whole is much more than the sum of its parts”.

4. Two “com-possible” formal languages, albeit “not equivalent” between them

The two formal languages, TDC and IDC, respectively, when considered with reference to their corresponding
“presuppositions” (that is the subjacent “way of thinking”) result as being two different formal descriptive modalities
which are always “com-possible”. In the sense that they do not exclude each other. They simply co-exist.

This is because, as already anticipated, the Traditional Scientific Approach, which leads to TDC, cannot exclude
(in principle) the adoption of a different formal language (e.g. IDC), because of the absence in its presuppositions
(especially “necessary” logic) of any form of perfect induction. On the other hand, the same happens in the case of the
adoption of IDC, precisely because of the same reason, although the latter is based on presuppositions characterized by
a different form of logic (e.g. the “adherent” logic).

Consequently, the two formal languages, TDC and IDC, can always be adopted independently from one another.
Although this “com-possibility” does not mean that they are “equi-valent” between them.

Their “in-equivalence”, in fact, can easily be shown by comparing the different consequences of their respective
adoption, when such consequences are obviously considered in the light of their corresponding “presuppositions”.

In fact, beside the Traditional Scientific Approach, which affirms that “Every System is a mechanism” (at a
phenomenological level), there is also the possibility of a different Approach, according to which “Every System is a
Self-Organizing System” (always at a phenomenological level). This is the fundamental reason why they lead to the
adoption of rwo corresponding different formal languages, with some associated important consequences.

In the first case, in fact, the adoption of TDC leads to:

i) Unsolvable Problems (in explicit formal terms);

ii) Intractable Problems (even by adopting the most advanced computers);

iii) Problems characterized by experimental “drifis”, which always represent an indication of possible “side effects”;
iv) In addition, it is worth pointing out that TDC can lead to some “side effects” even in the case of accurate
experimental confirmations. Such “side effects”, in fact, can result as being “masked” by the same fact that all the
experimental confirmations are always based on the adoption of methods, instrumentation and measurements that are
conceived (and designed) in a perfect conformity with the fundamental presuppositions of TDC (Giannantoni, 2016).

Vice versa, the adoption of IDC does not present such problems, whereas, in turn, it presents several advantages.
In fact, as already anticipated, the adoption of IDC is finalized to describe the “Emerging Quality” of “Self-Organizing
Systems”. This leads to the formulation of the M.O.P., which is able to offer a radically New Perspective to Modern
Science. That is: “Every System is a Self-Organizing System” (see Tab. 1).

This is because IDC is the most appropriate language able to describe the fundamental characteristics of “Self-
Organizing Systems”. In fact, the “Incipient Differential Calculus” (IDC):

i) is able to represent, in appropriate formal terms, the “Emerging Quality” of Self-Organizing Systems as an
“Irreducible Excess”,

ii) In this way TDC enables us to formulate a very general Principle, the Maximum Ordinality Principle (M.O.P.),
which can be understood as “One Sole Reference” Principle (Giannantoni, 2014);

iii) The latter in fact results as being valid in any field of analysis (from non-living Systems, to living Systems and
human social Systems t0o);

iv) In addition, the adoption of IDC always leads to explicit formal solutions;

V) At any topological scale (e.g. from atoms to galaxies);

vi) Both under steady state and variable conditions;
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vii) What’s more, the corresponding Solution to any mathematical model based on the M.O.P. (and thus formulated in
terms of IDC) always results as being an “Emerging Solution”. That is, a Solution whose Ordinal Information content is
always much higher than the Ordinal content corresponding to the initial formulation of the problem;

viii) As a direct consequence, this leads to the fact that any “Emerging Solution” can never be reduced to mere
“functional relationships”;

xi) This is also means that the adoption of IDC does not require any specific reference to the traditional Physical Laws
or to the well-known Thermodynamic Principles (precisely because the latter are always understood as “functional
relationships™);

xv) Finally, the adoption of TDC never leads to “side effects”. This is because, even when an “Emerging Solution”
might manifest some related “Emerging Exits” (Giannantoni, 2016), the latter can always be interpreted as being
corresponding “Extra Benefits”, initially not recognized as such.

4.1 More general in-equivalence between TDC and IDC, especially with reference to

the relationships between Man and the Environment

Although from a general point of view the in-equivalence between the two formal languages can preliminarily be
recognized at the level of “Thinking”, such an in-equivalence is even much more marked at the level of “Decision
Making and Acting”. Especially when considering, as a basic reference criterion, the corresponding different concepts
of “inter-relationships” between Man and the Environment (Giannantoni, 2016).

This is because the adoption of TDC always “reflects” the general idea that “every system is a mechanism”,
while the “com-possible” formal language IDC is always orientated at describing any system as a “Self-Organizing
System”. This is the fundamental reason for the adoption of the three new mental categories shown in Tab. 1, which are
radically different from the three basic presuppositions of the former.

This easily leads to recognize that the most profound “in-equivalence” between TDC and IDC situates at the

level of Decision Making and Acting. In fact:
i) At the level of “Decision Making” the two formal languages will evidently lead to make decisions (that will become
consequential future actions) in a perfect conformity with their respectively different way of thinking: TDC, in
conformity with its “aprioristic” presuppositions; IDC, vice versa, in conformity with the new mental categories that,
on the contrary, are adopted “a posteriori”.

Consequently, in both cases the two formal languages will suggest “decisions” in perfect conformity with their

corresponding concepts of “surrounding habitat”: understood as a “set of mechanisms”, in the case of TDC or,
respectively, as “a unique Self-Organizing System” in the case of IDC (Giannantoni, 2016);
ii) At the level of Action, however, it is exactly where it is possible to recognize the most marked differences between
the two formal languages. This is because, in such a case, the specific different origin of each formal language, together
with the associated powerful expressive capacity that any formal language is able to manifest, represent the
fundamental aspects that systematically “guide” (sometimes even “force”) the research for specific practical solutions to
the various problems and their subsequent actual implementation.

In other terms, the profound differences between TDC and IDC become particularly evident at the “level of
Action”, because the corresponding formal solutions become consequential facts (Giannantoni & Zoli, 2010).

In this respect, the Ostensive Examples previously considered should be sufficiently clear to show the profound
differences that may result, in practice, when adopting the one or the other descriptive formal language.

Consequently, especially because of the fact that the profound “in-equivalence” between the two formal
languages clearly manifests at the level of “facts”, this may suggest, as a possible conclusion, the consideration of an
extremely important question: “where are we going” as a consequence of the adoption of one (or the other) descriptive
formal language™: TDC or IDC?

5. Conclusion. Where are we going?

The afore-mentioned differences between the two considered formal languages, TDC and IDC, which can
preliminarily be recognized at a gnoseological level but, even more, at the level of their respective practical
consequences (such as those shown in the examples previously analyzed), enable us to draw some general conclusions
which can be synthetically summarized as follows.

From a general point of view, in fact, it is possible to delineate three possible answers:

i) Modern Science is so radically rooted in TDC (and in its corresponding presuppositions) that it is extremely
improbable to hypothesize, in spite of the afore-mentioned intrinsic limitations of such a formal language, a rapid
change of the corresponding paradigm. In this sense we have to expect a generalized persistence in the adoption of the
traditional formal approach (TDC);

ii) this fact, however, does not prevent from thinking that, occasionally, and with reference to specific problems, some
Scientists will decide to exclusively adopt the innovative IDC approach;

iii) more probably, because of the afore-mentioned “com-possibility” between TDC and IDC, it may be expected the
adoption of both formal approaches at the same time, so as to choose the optimal operative solutions on the basis of the
corresponding experimental results. By always taking into account, however, that TDC translates, in formal terms, a
“self-referential” gnoseological approach, while IDC represents, always in formal terms, a “hetero-referential”
gnoseological approach (as clearly illustrated in the paper and synthetically summarized in Note 1).
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Abstract

As China accounts for over 50% of global primary aluminum production now, no country’s policies
interest the aluminum world more. The aluminum industry has taken a life-cycle approach to
manufacturing and designing its products, which can be observed in the aspects of policy making and
technology application. Life cycle assessment (LCA) approach emphasizes responsibilities in
managing products, services, and/or business operations throughout the entire life of the product—
from product to recycling to new product. In the case of aluminum, this involves the management of
resources, minimizing energy consumption, emissions and waste releases to the environment, while
keeping a focus on the overall economic, social and environmental benefits that the products bring to
society. LCA-based Emergy methods, which is a measure that accumulates all the energy used up in
the process of creating any item in terms of a common energy unit, include the inputs such as labor,
service and the work of the environment and assuming equivalent conditions. In other words, LCA-
based Emergy analysis is used to identify the balance between the socioeconomic development and
natural environment and try to fit the concerned production procedure into the multidimensional
surrounding ecosystems. In this study, a Life Cycle Inventory (LCI) based on Emergy Analysis was
assembled and four processes were decomposed, including deposit formation; production processes
(such as bauxite mining, alumina refining, electrolysis and ingot casting, aluminum products
manufacturing and fabrication); using process; the aluminum recycling and regeneration process. This
study updates the UEV (unit emergy value) of different aluminum outputs in the five processes.

1. Introduction

Recycling is significantly helpful for resource conservation and energy reduction.
Aluminum is one of the most recyclable of all materials on the market today and its
manufacture is one of the most energy intensive. To reduce the energy and resource
consumption, long-term strategic targets for aluminum production have been
established (Lin and Xu, 2015). Moreover, China plays a more and more essential
role in the global aluminum production. Since the year 2000, there has been a
significant increase of the production of primary aluminum in China, with its
contribution to the global production climbing from 15% in 2001 to 49.4% in 2014
(Ding et al., 2016). The aluminum product process is a long chain. LCA approach is
widely applied nowadays for its ability of enabling precise positioning according to
production stages. LCA-based Emergy method is a comprehensive method which
can quantify the environmental contribution and impacts of systems or products

! Corresponding author:
E-mail address: liugengyuan@bnu.edu.cn (G.Y. LIU)
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throughout the whole life cycle from the exploration of the raw materials and fuels, to
the final disposal or recycling, which is also called from cradle to grave (Pehnt, 2006).
Brown (2016) evaluated the aluminum production chain and using emergy analysis
computed unit emergy values (UEVs) at each production step, using published life
cycle inventory data for a single USA manufacturer.

Emergy analysis is a valuable approach which can emphasize the performance and
sustainability of a system by analyzing the sum of all direct or indirect inputs of
available energy required by a process to provide a given product or flow, utilizing the
same form of energy called solar emergy (sej) (Odum, 1996). The UEV is the emergy
required to generate one unit of output (product) expressed as sej/J (transformity), or
sejlg (specific emergy), or sej/$ (emergy money ratio). When comparing products of
the same composition and use, such as aluminum product, the use of UEV helps to
formulate policy regarding best use of resources. Those products of the same class
that have lower UEVs require lower quantities of resource embodiment.

Brown’s (2016) UEV for aluminum has been used generically in other situations
including evaluations in China. Undoubtedly, the need for a UEV of aluminum in
China would provide needed precision for future China specific emergy evaluations
and more accurate policy making related to the Chinese aluminum system. In this
paper, the UEVs of Chinese different aluminum outputs in each stage were updated.
What's more, a comparison between UEVs of aluminum production outputs in China
and the USA was employed to analyze the situation of Chinese energy and resource
consumption.

2. Methodology

2.1 Emergy flow diagram of Chinese aluminum industry

Geological
Inputs

Figure2.1: The energy-flow diagram of China’s aluminum production system in 2005, showing the
main stages of production: bauxite mining (1), alumina refining (2), electrolysis and ingot casting
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(3), aluminum products manufacturing and fabrication (4), and recycle (5). The diagram also
shows imports and exports of various aluminum products.

Figure 2.1 is an energy systems diagram of the Chinese aluminum production
system. The spatial boundary of the study is the geographical border of mainland
China, and the temporal boundary is the year 2005. The long aluminum production
chain highlighted by Liu and Mueller (2012) was used in this study. The chain,
shown in Figure 2.1, includes deposit formation and production processes (such as
bauxite mining (1), alumina refining (2), electrolysis and ingot casting (3), aluminum
products manufacturing and fabrication (4)), as well as the aluminum recycling and
regeneration process (5) after use.

2.2 Data sources

The data of aluminum in each stage was completed in accordance with the research
of Chen et al (2008). Data sources are various including governmental or industrial
statistics (CSY, 2006); some academic papers such as Ding et al. (2016) and Brown
and Buranakarn (2003); books and research reports, such as the forth sustainable
bauxite mining report; and other information. Most transformities used in this article
are from Brown et al. (2016). But the transformity of dollars is from Lou and Ulgiati
(2013).

It should be mentioned that the emergy baseline used in this study was 12.0 E24
sejlyr.

2.3 Characteristics of China’s bauxite

The bauxite in China has a characteristic of high alumina and silica content. Table
2.1 describes that more than 60% of mineral composition of Chinese bauxite is
diaspore and there is almost no gibbsite content which is less than 3%. Compared
with high boehmite and gibbsite content abroad, these shortages of bauxite
resources in China lead to the difficulties in mining. More bauxite ore is needed for
the unit quality production in China than in other countries due to the Chinese bauxite
composition. Compared with a stripping ratio of 1.3kg/1kg in the US, China needs
5.85kg bauxite ore to produce 1kg bauxite.

Table 2.1 Typical Chemical and Mineral Compositions of Chinese Diasporic Bauxite (From Don, D.
and Benny E. R., 2013)

Items Composition Bauxite Location
Guangxi Henan Shanxi
Average Diaspore 60.25 69.52 65.71
mineral —
composition% Gibbsite 2.18 / /
Kaolinite 4.99 2,77 25.85
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Ilite 1.04 7.1 2.01
Hematite 5.48 2.45 1.0
Goethite 15.41 / /
Anatase 2.69 1.6 2.9

Rutile 0.48 0.59 0.52

The ratio of alumina to silica in weight percentage (A/S) has a great influence on the
consumption of energy and other processing inputs in the alumina refining process.
As shown in Table 2.2, it illustrates that about 68% of the Chinese bauxite belonging
to the low or middle grade, whose A/S ratio is less than 7. Because of the lower
grade of bauxite, traditional Bayer process isn’t appropriate in Chinese alumina
production industry which may cause a significant loss of alumina. Consequently, the
Bayer- sintering process is developed. Even though the loss of alumina is being
avoided, high energy is also consumed. It is indicated in this research that the most
two input contributions to the alumina refining process are the coke and coal. At the
same time, the energy consumption is as high as 29,348MJ/per ton of alumina in
Chinese alumina production, which is more than twice of the world?.

Table 2.2 Grade Distribution and proportion of Chinese Bauxite (From Don, D. and Benny E. R., 2013)

AIS <4 4-6 6-7 7-9 9-10 >10

7-8 48-49 | 10-11 14-15 | 11-12 6-7

Reserve proportion range,%

It is important to mention that Chinese government has pushed the primary aluminum
industry to upgrade their prebake cell facilities beginning in the year 2000. Data
provided by the International Aluminum Institute shows that the energy consumption
per ton of aluminum in China is 14,574 Kwh which is lower than the average primary
aluminum smelting energy intensity of the world .

3. Results

Table 3.1 Comparison between UEVs of aluminum production outputs in China and the USA (sej/kg)

Mined Alumina Aluminum | Recycled Aluminum

Bauxite Ingot Aluminum Products

China 1.92E+11 5.05E+12 | 3.73E+13 | 3.38E+13 4.69E+13
China (wol&S)? 1.56E+11 4 90E+12 | 3.71E+13 | 3.37E+13 4 66E+13
USA (Brown & 3.38E+10 1.63E+12 | 3.36E+13 | 2.9E+13° 4.7E+13°

2 http://www.world-aluminium.org/statistics/metallurgical-,alumina-refining-energy-intensity/#data

® http://www.world-aluminium.org/statistics/metallurgical-alumina-refining-energy-intensity/#data

33




Ulgiati, 2018)

a . Without labor and services
b. Based on aluminum can only (Brown, 2016)
c. Based on Aluminum sheet only

Table 3.1 shows the UEVs for each stage of Chinese aluminum production in 2005
calculated in this study compared to UEVs for aluminum products in the USA
computed by Brown and Ulgiati (2018). China’s UEVs for bauxite, alumina and
aluminum ingots are all higher than corresponding USA products, due primarily to the
higher energy consumption in the mining, refining, and smelting stages. As
mentioned above, the quality of Chinese bauxite is lower than that found in western
countries and therefore its UEV reflects this fact, being almost 5 times higher than the
USA bauxite UEV. Also with the higher energy requirements of the mining phase, the
UEV of alumina is about 3 times that of the UEV for USA alumina.

However, due to recent efficiencies mandated by government, the UEV for aluminum
ingot is only about 11% higher.

The total emergy per kilogram of the recycled aluminum (Table 3.1) is lower than that
of aluminum ingot due to the fact that re-melting of recycled aluminum scrap requires
less energy than alumina as a result of the use of electricity in the production of
aluminum ingots, while the re-melting of scrap uses the heat from coal burning. The
UEV of recycled aluminum in China is somewhat higher than that of the USA,
primarily because the USA value is for aluminum can only while the China UEV is for
mixed scrap that contains other sources than just cans. The final products in China
and the USA have very similar UEVs even though China’s UEVs in earlier stages are
higher. This primarily due to the low UEVs of imports, which decrease overall the
emergy at each stage.

4. Conclusion

In this study, an LCA-based emergy method was applied for the aluminum industry in
China to update the UEVs of aluminum outputs in each stage. Furthermore, a
comparison between UEVs of aluminum production outputs in China and the USA
was employed to formulate Chinese policy regarding best use of resources. The
higher UEV shows the situation of Chinese lower grade bauxite, and the higher
energy consumption in the mining, refining, and smelting stages due primarily to
China’s energy structure.
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Abstract

Smart grids are expected to play a key role in realizing future power systems of increased reliability,
efficiency, and competitiveness. As an essential demand side management strategy, residential
demand response aims to influence household energy consumption for increased energy efficiency
and demand flexibility, bringing the potential benefits of smart grids to fruition. Although previous
research suggests that demand response intervention strategies based on real-time feedback and
smart home energy management systems have a clear potential to stimulate to changes in energy
consumption behavior, the literature also addresses the need to further explore the potential of
residential demand response strategies by evaluation and analysis of practical implementation. In this
paper a smart home intervention program focusing on demand response and consumer engagement
is presented; the Active House in the Stockholm Royal Seaport. The program takes place in a new
urban district in Stockholm and aims to stimulate to energy conservation and increased demand
flexibility among 154 newly built smart homes equipped with a home energy management system,
allowing households to monitor and control their energy use. The main contribution of the paper is to
analyze and discuss the key components of the program, including; scope and involved actors,
incentives for customer engagement, the features of the smart home energy management system,
and the upcoming scope of evaluation of the program, focusing on potential scenarios, preliminary
findings, and future work. Based on a conceptual evaluation framework developed within the scope of
the program, it is suggested that the program has a clear potential to contribute to increased
understanding on consumer engagement in demand response programs, providing key findings and
outcomes for further research within the area.

1. Introduction

Smart grids are considered to play a key role in future power systems, realizing the
ambitions of a reliable and competitive electricity grid that meets the emerging
sustainability needs of increased energy efficiency, reduced greenhouse gas
emissions, and increased integration of renewable sources (Amin and Wollenberg,
2005; Farhangi, 2010). However, the potential benefits of smart grids are heavily
dependent on end-use customers willingness to adapt to demand response
intervention strategies; reducing and adjusting their electricity consumption levels
and patterns for increased energy efficiency and demand flexibility (Clastres, 2011;
Darby and McKenna, 2012). Cities has been identified a key trial sites to investigate
if such achievements are possible, providing the necessary resources of social,
knowledge, and infrastructural capital (Hodson and Marvin, 2009; Belkeley et al.,
2011).

In 2009, the City Council of Stockholm, Sweden, decided that a new city district;
Stockholm Royal Seaport (SRS)-which is expected to be fully developed by 2030
and will then contain approximately 12 000 dwellings and 35 000 work spaces—will
serve as a test arena and international model for innovative energy solutions and
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sustainable urban planning (City of Stockholm, 2009). To realize the ambition of a
“sustainable district”, an environmental and sustainability program was developed,
establishing challenging objectives targeting increased energy efficiency (City of
Stockholm, 2010). To contribute to the fulfilment of the objectives a research and
development program focusing on smart grid technology and demand side
management strategies was initiated; Smart Energy City (SEC). The SEC program
consists of two subprograms; 1) Smart Grid Lab, focusing on improvements in the
control and management of the electricity distribution grid, and 2) Active House, a
smart home intervention program focusing on demand response and customer
engagement.

The aim of this article is to discuss the Active House program and analyze its key
components, including; 1) scope and involved actors, 2) applied incentives for
customer engagement, 3) the features of the Active House home energy
management system, and 4) evaluation approach including potential scenarios and
preliminary findings. In the final section the contributions are concluded and further
work is presented.

2. The Active House: Scope and Actors

The Active House (AH) is a residential demand response intervention program that
aims to stimulate to energy conservation and increased demand flexibility with a set
target of 5-15% peak load reduction among an experimental group of 154 newly built
apartments in the SRS. The apartments, 72 rentals and 82 condominiums of varying
size (1-5 rooms), are all heated with district heating and equipped with a home
energy management system, allowing households to monitor and control their energy
use. The tenants moved into their new apartments during the fall of 2016 and the
program started the 1 of January 2017 and will run for at least one year.

Taking into account that the AH program aims to change the conventional regime for
how the residential sector is integrated in the electricity grid, strong structures and
organizations need to be involved in the process. Thus, besides the City of
Stockholm who provides the area of the SRS and the Swedish Energy Agency who
financially supporting the initiative, the AH program includes actors from a wide range
of sectors; 1) Fortum, local utility company, and 2) Ellevio, local electricity distribution
system operator, have both invested in new business models and market designs for
the participating customers, 3) Ericsson has developed information and
communication solutions, and 4) Electrolux has developed smart home appliances,
to be integrated in the AH home energy management system respectively, 5) ABB
has developed automation technology and monitoring systems, 6) NCC, HEBA and
Erik Wallin are the builders of the apartments included by the program, and 7) the
Royal Institute of Technology (KTH) is responsible for the assessment and evaluation
process, conducting research on the program.

3. Incentives for Customer Engagement

Influencing household energy consumption has proven to be a challenging task,
requiring end-use customers to change their everyday life and routines. According to
a study of Karlsson and Widén (2008), where Swedish household electricity
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consumption patterns and activities are analyzed, household’s electricity saving
potential is related to four types of incentive categories; 1) informative, 2)
administrative, 3) economical, and 4) physical. The AH program also introduce a fifth
category to the scope; environmental incentives. Thus, the incentives included in the
AH program are;

1) Informative Incentives

Feedback on energy consumption, including electricity, hot tap water, and heating
are visualized on in-home displays, as shown in Fig. 3.1. The information is
presented in real-time, hourly, daily, weekly, and monthly frequency and
accompanied by historical and normative comparisons, allowing households to
compare present consumption with prior own levels and/or with consumption by
neighboring household of similar size and type. Real-time information is also given
on indoor temperature and solar production from rooftop solar PV systems. Price
information is provided in form of an hourly dynamic electricity price signal, showing
the price of the next 24 hours, allowing the households to plan and schedule their
consumption activities to periods of lower price.

Figure 3.1: As visualized on the in-home display; real-time feedback on consumption of electricity
(left), hot tap water (center), and heating (right), accompanied by historical (green ring) and normative
(yellow ring) comparisons. By clicking on the icons monthly, weekly, and hourly feedback will be
visible.

2) Administrative Incentives

The City of Stockholm’s environmental and sustainability program for the SRS
stipulates a set of objectives and requirements related to energy efficiency and
measurements that the construction companies building in the area have to follow
(City of Stockholm, 2010). For instance, the buildings should not exceed the energy
performance target of 55 kWh/m?/year and household individual measurement and
debiting of electricity and hot tap water consumption is required. The construction
companies participating in the AH program are all obligated to follow these directives,
meaning that high-resolution measurement data are available for increased
information and control.

3) Economical Incentives

An hourly dynamic electricity price tariff was introduced at the implementation of the
program. The tariff is developed by the AH program with the aim to reduce
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consumption during peak demand periods, stimulating households to shift load from
hours of higher price (peak hours) to hours of lower price (off-peak hours). In detail
the tariff consists of two components; 1) hourly variable spot market price, and 2) a
time-of-use tariff, varying from 1.05 SEK/kWh during peak hours to 0 SEK/kWh
during off-peak hours. Peak hours are defined as the periods between 6 a.m. to 9
a.m. and 5 p.m. to 9 p.m. and off-peak hours are defined as the periods between 9
a.m. to 5a.m. and 9 p.m. to 6 a.m., as shown in Fig. 3.2.

Figure 3.2: As visualized on the in-home display; electricity price forecast (6re/kWh) of the next 24
hours, showing the morning peak period (6-9 a.m.) and afternoon peak period (5-9 p.m.)

4) Physical Incentives

The participating households all have access to a home energy management system
that builds on increased convenience and comfort of living (see Section 2.3).
Through the system the households are able to control their indoor temperature,
lightning, and appliances coupled to smart plugs. The system also includes a
“home/away switch”, making it easy for the tenants to turn off all electricity devices
when they leave their homes.

5) Environmental Incentives

The authors seek to explore the potential of using environmental incentives to
stimulate changes in household energy consumption, comparing economic and
environmental motivational factors. For that reason, the participating households in
the AH program were randomly divided into two subgroups before the
implementation of the program, equally distributed with respect to household
characteristics (i.e. size, type of ownership, age, and household composition). Each
household in the first group—the “economic incentive group’are keeping their
respectively cost savings obtained from individually changes in electricity
consumption. In contrast, each household in the second group—‘the environmental
incentive group—are not keeping their respectively cost savings from individually
changes in electricity consumption. Instead, the savings of these households are
used by the program to purchase carbon emission rights, which are cancelled.
However, all households, in both groups, are provided with the same price signal and
receive feedback on their individually savings; the households in the “economic
incentive group” in terms of cost savings and the households in the “environmental
incentive group” in terms of reduced carbon emissions. This means that a half of the
experimental households has an economic incentive to change their electricity
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consumption as a response to the price signal, while the other half has an
environmental incentive to do change their electricity consumption.

4. Home Energy Management System

All households in the study are equipped with a home energy management system
(HEMS), serving as an information and control center for the apartment. Through the
HEMS displays and a mobile app the tenants are able to monitor their energy
consumption, following the electricity price variations, and control all smart features,
including lamps, lightning scenarios, and thermostat settings for different rooms,
appliances coupled to smart plugs, and the home/away switch. The HEMS also
include scheduling functions, supporting the households to reduce and shift loads,
where washing machines and tumble dryers, as well as charging of electrical
vehicles, may be scheduled to run when the price is at lowest within a defined time
period of the next 24 hours, see Fig. 2.3.

Figure 4.1: As visualized on the in-home display; scheduling of washing machine (left) and electric
vehicle charging (right).

5. Project Evaluation: Potential Scenarios and Preliminary Findings

Within the scope of the research related to the AH program, a conceptual evaluation
framework has been developed by the authors, attempting to provide increased
understanding of the impact of feedback-based intervention strategies on household
energy consumption. Building on a mixed methods approach, the framework aims to
combine real-time user-generated meter data with data and findings from surveys
and interviews for quantitative and qualitative analyses, deriving enhanced
knowledge of energy consumption behavior and intervention effects of increased
level of detail (Nilsson et al., 2017).

The program was implemented the 1% of January 2017 and thus still in its initial
phase. As energy consumption behavior is strongly connected to long-term habits
and routines, an analysis of potential behavioral changes must be based on data for
a longer time period in order to be reliable and relevant. In the meantime, taking the
project target of 5-15% reductions in peak load as a starting point, potential scenarios
might be estimated. In Fig. 5.1 potential changes in demand curves as an effect of
shifted consumption from peak hours to off-peak hours are illustrated. Peak load
reduction is considered as a key achievement, leading to increased reliability and
effectiveness of the grid, reduced emissions, and enables a higher share of
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renewable sources such as wind and solar in the power system. From the
perspective of the customers, potential cost savings are completely dependent on
individual measures and may vary widely. For the scenarios illustrated in Fig. 5.1 the
annual savings in costs correspond to approximately 140 SEK, 270 SEK, and 400
SEK, respectively. However, it should be emphasized that potential benefits never
can be taken for granted and that the potential of demand response interventions
relies on several key factors, including households’ perceptions and attitudes to
provided feedback, the strengths of the scope of incentives, and the level of flexible
loads in the homes (Nilsson et al., 2017).
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Figure 5.1: Potential load shift scenarios for a typical household in SRS, illustrating changes in
intraday electricity consumption time patterns as an effect of 5%,10%, and 15% peak load reduction
respectively (the light grey area represents the off-peak periods and the white represents the peak
periods).

Besides collection of consumption meter data and quantitative analyses on energy
consumption levels and patterns, the scope of the evaluation also includes collection
and analysis of data retrieved from surveys and interviews with the involved
households. A first round of surveys and interviews took place during the spring of
2017 and although a full analysis of the outcomes will be conducted during the fall of
2017, some preliminary findings on how the tenants have experienced the program
so far are:

e There is a strong sustainability engagement among the households; the
tenants want to contribute to a greener environment,

* The majority of the households perceive that their awareness and knowledge
of their own energy consumption behavior has increased as an effect of the
direct feedback and information,

* The HEMS has a great potential to be further developed based on input from
the households, including; disaggregated feedback on appliances level, a
more flexible and consumer-oriented interface, and possibility to take part of
the information expressed in different units (kWh, SEK, gCO,),

e The volatility of the dynamic electricity price tariff is too weak; the economic
incentive to shift loads from peak hours to off-peak hours needs to be
strengthened.
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6. Discussion, Conclusions, and Future Work

By studying the case of the Active House program, the authors seek to explore the
potential of influencing household energy consumption by demand response
intervention strategies, aiming for reduced energy consumption and increased
demand flexibility among 154 smart homes in the Stockholm Royal Seaport. To
achieve the goal of changing the structures for how households are integrated in the
power system a strong actor network is needed and the program involves a triple
helix of public, academic, industrial sectors, including; utility companies, ICT and
software developers, home appliances manufacturers, builders, and research
institutes.

Further, motives to change household electricity consumption are not explicitly of
economic character. Changes in everyday energy consumption activities and
routines may also be retrieved by informative, administrative, and physical incentives.
In addition, the authors seek to explore the potential of environmental incentives,
investigating in the effects of letting half of the participating households in the AH
program change their electricity consumption for environmental motives. To support
the households to reduce and shift loads, all apartments are equipped with a home
energy management system (HEMS), allowing the tenants to monitor, control, and
schedule their energy use through their in-home display and/or mobile app. The
HEMS is also developed with the aim to increase the comfort of living, including
features to control the indoor temperature, smart plugs, and lightning. However,
influencing household energy consumption is an extremely difficult task and there are
no guarantees that the incentives provided in the AH program are strong enough for
households’ to change their consumption habits. For instance, the economic
incentive of a dynamic electricity price tariff should be considered with regards to the
high income-level of the district. It is reasonable to believe that residents in the SRS,
living in expensive apartments centrally located in Stockholm are less affected by
dynamic electricity prices compared to consumer segments of lower income levels.
This considering is also supported by the preliminary findings from the surveys and
interviews, where the households request a stronger economic incentive for shifting
load from peak hours to off-peak hours.

Further work will focus on assessment and evaluation of the program, following the
proposed conceptual evaluation framework. Based on statistical analysis of meter
data the following quantitative parameters of analysis have been established:

* Impact on energy consumption levels; will the households reduce their overall
consumption levels?

* Impact on electricity consumption time patterns; will the households respond
to the dynamic pricing tariff by shifting load from peak hours to off-peak hours?

* Impact on maximum electricity demand; will the households reduce their
consumption during critical peak periods?

e Impact on electricity demand curve shapes; will the households flattening out
their demand curves as a response to the dynamic pricing tariff?

e Impact on consumer costs; will the households reduce their energy costs as
an effect of changed consumption behavior?
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The assessment of the parameters above will be evaluated with regards to findings
from surveys and interviews, focusing on key aspects such as:

* Impact on awareness and knowledge; will the households increase their
energy awareness?

* Impact on habits and daily routines; will the households change their energy-
consuming activities as an effect of increased energy awareness?

* Perceptions and attitudes to the provided incentives; are the incentives strong
enough for the households to change their consumption behavior?

* Experiences of the HEMS; are the smart features of the HEMS supportive
enough for the households to change their energy consumption behavior?

e The potential of demand response intervention strategies related to socio-
demographic characteristics; will households of different types (size,
composition, income, age, etc.) respond to the incentives differently?

Hence, the evaluation of the program has a clear potential to contribute to increased
understanding on consumer engagement in demand response intervention
strategies, providing a comprehensive picture of potentials and challenges for further
improvement and research within the area. However, the final analysis, fully revealing
the results and findings of the project, is expected to be presented during the
fall/winter of 2017.
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Abstract

This study proposes a novel framework, modular participatory backcasting (mPB), for long-term
planning in the heating sector. mPB is based on participatory backcasting and integrates principles of
modularity, participatory modelling and transdisciplinarity. In mPB there are 13 modules, namely
Problem orientation, System boundaries, Current situation, Stakeholder analysis, Needs and
functions, Vision, Criteria, Solutions, Drivers, Solution testing, Pathway, Action plan and Follow-ups.
The design of mPB and results of its implementation are presented for the cases of participatory
strategic planning processes towards sustainable heat provision by 2050 in the Ukrainian city Bila
Tserkva and the Serbian city Ni§. The results show that mPB allows adaptability to a local context
through exclusion, augmentation and substitution properties; decreases learning time for applying the
framework in a novel context; increases reproducibility and transparency of long-term energy planning
processes; enables efficient integration of quantitative methods into the participatory process; and
advances collaboration between academia and society.

1. Introduction

Heating accounts for a considerable share of urban energy use in many countries
(IEA, 2013). Sustainability transitions in the heating sector are crucial for dealing with
sustainability challenges related to the emissions caused by heat generation from
coal, natural gas and wood. An important approach in enabling such transitions is
long-term energy planning, which could support a shift towards development and
implementation of more sustainable solutions for heating. However, the current
prevailing mode of planning in the heating sector is characterised by emphasis on
system optimisation, consideration of a narrow space of alternative solutions and
dominance of socio-economic criteria.

Backcasting, and later participatory backcasting (PB), has been suggested as a
suitable approach to address long-term sustainability challenges in the energy field,
since it can enable consideration of a broader space of possible solutions that are not
based on existing trends and currently dominating technologies, meet environmental
and social criteria and enhance participation by a broader range of stakeholders
(Robinson, 1982; Dreborg, 2004; Quist, 2007). At the same time, the exploration of
effects of various alternative technologies and their impact on climate, environment
and social issues requires analytical methods and tools, including quantitative
modelling that is rather well developed in the energy field (Herbst et al., 2012;
Kirstead et al., 2012). Different analytical/quantitative methods have already been
successfully integrated into PB projects (e.g. Zivkovic et al., 2016). However, wider
integration of such methods into PB would require further study of emerging
challenges, including those recently identified in the participatory modelling (PM)
community, e.g. the need for methods to explicitly recognise human biases and
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heuristics during a PM process and approaches for resolving or compensating for
these if needed; reducing the risk of ‘group think’ effects or dominance of one or a
few individuals through a PM process; and dealing with the ‘stakeholder fatigue’ that
can occur during a PM process (Voinov et al., 2016). Another set of relevant
challenges has recently been identified in the transition studies literature when
discussing emergence of computer modelling in the field. They include the influence
of hidden assumptions, the risk of simplifications, challenges in uncertainty analysis,
ambiguities in model interpretations and others (McDowall and Geels, 2017).
Furthermore, more careful consideration of the skills and behaviour of modellers,
along with a broader set of questions related to the ethics of modelling, must be
addressed (Hamalainen, 2015).

Sustainability transitions in the heating sector are required in cities with various socio-
political contexts. Therefore, adaptability of energy planning tools is very important for
enabling their applicability under different conditions and limitations. Furthermore,
projects related to the heating sector are often more ‘local’, in terms of relatively high
level of the connection with a particular city, than e.g. electricity-related projects. This
increases the probability that system boundaries for problem solving will be set
according to geographical and administrative city boundaries, and not based on
unbiased analysis.

This study suggests a framework for long-term planning in the heating sector that
could support consistent and holistic analysis of a problem in a particular context,
incorporation of sustainability criteria, and development and accurate analysis of
different alternative solutions for heating through co-creation with the sector’s
stakeholders. It also allows adaptability and scalability to various socio-cultural
contexts and project limitations (e.g. budget, time, skills available). The framework,
modular participatory backcasting (mPB), is based on the PB approach (Quist et al.,
2011), and incorporates principles of modularity (Baldwin and Clark, 2000),
participatory modelling (Dreyer and Renn, 2011) and transdisciplinarity (Lang et al.,
2012) (Table 1).

Table 1. Approaches and principles integrated in the design of modular participatory backcasting
(mPB)

Description Features
Participatory Five-step approach: Properties of normativity, long-
Backcasting Step 1. Strategic problem orientation. term orientation,

Step 2. Development of future vision. participatory/consensus-

Step 3. Backcasting analysis. building

Step 4. Elaboration of future alternative and
definition of follow-up agenda.

Step 5. Embedding results and agenda and
stimulation of follow-ups.

Modularity Principle of decomposition into modules Properties of exclusion,
augmentation, substitution

Participatory Approach that links modelling with Methods and techniques for

modelling participation integration of modelling into

participatory processes

Trans- Scientific principle aimed at concurrent Joint problem definition;
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disciplinarity solving of a scientific and a societal problem principles and level of
by integrating and differentiating knowledge collaboration;
from various bodies of knowledge furthering bottom-up initiatives

2. Participatory backcasting

Participatory backcasting as an approach to long-term planning includes
development of a desirable future vision and further backcasting analysis to
elaborate pathways and, if required, an action plan towards implementation of the
vision. It is characterised by involvement of a broad range of stakeholders, long-term
orientation, normativity and orientation on consensus building among stakeholders
(Quist et al., 2011; Jansen, 2003). It is a flexible approach that allows for adaptability
to a particular project purpose (see e.g. Vergragt and Quist (2011) for a review of PB
projects), but this could also create a challenge of process reproducibility with
achievement of similar results and outcomes.

Research in backcasting/participatory backcasting has been rather divided in terms
of (i) advancement of the method and (ii) study of participatory processes and their
effects. Nevertheless, research in each of these two sub-areas has resulted in a
number of valuable findings. For example, assessment of the impact and
consequences of different scenarios through multi-criteria analysis was described by
Anderson et al. (2008); increased trustworthiness in PB through integration of the
Delphi method was reported by Zimmermann et al. (2012); and a method for design
of backcasting scenarios with a focus on resilience was suggested by Kishita et al.
(2017). In these cases, backcasting was implemented in cooperation with experts
and sometimes a broader range of stakeholders, but with a low intensity of
stakeholder involvement. At the same time, other studies have reported a number of
effects of PB processes with a high level of stakeholder involvement. For example,
Doyle and Davies (2013) concluded that PB processes have a positive influence on
stakeholder learning; Carlsson-Kanyama et al. (2008) discussed the influence of PB
process design on the quality of the results; Sisto et al. (2015) reported a positive
effect of PB processes on democratisation of policymaking; Eames and Egmose
(2011) described the contribution of a PB process to formation of a local transition
arena; and Neuvonen and Ache (2016) demonstrated potential of PB processes to
bring about strategic learning among stakeholders. The authors have already
obtained encouraging results regarding advancing PB as a unifying framework that
integrates the benefits of analytical/quantitative methods and delivers effects of
participatory processes (see Pereverza et al., 2017; Zivkovic et al., 2016). Further
research in this direction seems promising.

3. Modularity

To address the need for adaptability and scalability to specific conditions and
limitations, this study applied the concept of modularity to a framework design.
Modularity in this context is the decomposition of a framework into modules
characterised by “the interdependence of decisions within modules; the
independence of decisions between modules; and the hierarchical dependence of
modules on components embodying standards and design rules” (Baldwin et al.,
2014). Modularity could enable the following reconfigurations of the framework:
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e Exclusion” — possibility to select subsets of modules, excluding those not
required for a project purpose

» Augmentation’ — possibility to add a module to give some new type of
functionality

« Substitution” — possibility to upgrade existing modules.

4. Participatory modelling

Participatory modelling can be broadly defined as an approach that involves linking
modelling with participation (Dreyer and Renn, 2011). PM studies can provide a
number of relevant insights for design of a framework which integrates quantitative
analytical methods and a participatory process, including characteristics of suitable
modelling tools, model application to decision making, approaches to model
formulation and setting assumptions, methods to cross check data etc. (Voinov and
Gaddis, 2008).

When characterising a PM project, the literature suggests specifying an overall
purpose of a project; an approach for design and implementation of a participatory
process; and characteristics of a model and other methods used in the project (Hare,
2011). Thus, project purposes can be classified as decision making, collaborative
learning and mediation (Basco-Carrera et al., 2017). Participatory processes can be
characterised in terms of level of participation and type of cooperation within a PM
process (Basco-Carrera et al., 2017) or degree of stakeholder involvement, diversity
of the stakeholder groups involved or group size (Voinov and Gaddis, 2008). Models
can be subdivided into analytical, data-driven and optimisation types (Basco-Carrera
etal., 2017).

Reported effects of PM processes are similar to those reported for PB projects. They
include support of collective decision making, support of learning processes,
facilitation of social learning (Dreyer and Renn, 2011); quality control for better
management decisions; higher levels of legitimacy of and compliance with
management decisions (Réckmann et al., 2012); acceptance of the models and their
results by policy makers, improved understanding of system interaction and
behaviour (Voinov and Gaddis, 2008); informed environmental decision-making;
inclusion of unique and complex knowledge often held by specific stakeholder groups
and stimulation of cross-sectorial planning and recognising trade-offs on
management strategies (Gray et al., 2015).

5. Transdisiplinarity

In this study, we incorporated transdisciplinarity into the process design and
implementation of a framework for long-term planning in the heating sector, to
achieve more advanced collaboration between researchers and stakeholders and
encourage bottom-up initiatives for sustainability transitions. In this work,
transdisciplinarity (Td) was understood as “a reflexive, integrative, method-driven
scientific principle aiming at the solution or transition of societal problems and
concurrently of related scientific problems by differentiating and integrating

"Definitions adapted from Baldwin and Clark (2000)
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knowledge from various scientific and societal bodies of knowledge” (Lang et al.,
2012). The Td perspective advances understanding of relations between researchers
and stakeholders compared with conventional PM by setting a high level of
collaboration within a Td process; stimulates rethinking the roles of researchers in
planning processes; provides an approach for process design in a transition context;
indicates the value of stakeholder knowledge for scientific process; and stresses the
potential of researchers to bring changes in society.

6. Modular participatory backcasting (mPB)

The mPB framework proposed in this study comprises 13 modules, which are
described in Table 2 according to the following features: Goal/Outputs, Inputs (key
input modules), and Examples of methods.

Table 2. Description of the 13 modular participatory backcasting (mPB) modules

Module Goal/Outputs Inputs Examples of methods
Problem orientation Formulation and specification - Analysis of trends,
(PO) of a problem to be sustainability
addressed; assessment of current
identification of key solutions
challenges
System boundaries (SB) Description of various PO Process-based
boundaries of a socio- description of a
technical system behind the system;
formulated problem (e.g. life cycle approach
spatial, time, socio-political)
Current situation (CS) Analysis of the current state PO, SB Descriptive statistics;
of a socio-technical system causal-loop diagrams
Stakeholder analysis Definition of actors that can PO, SB Power-impact analysis,
(SA) affect, or can be affected by, analysis of actor roles,
the problem constellation analysis
Needs and functions Exploration of current and PO “Why?”-questions
(NF) future system functions and technique
societal needs to be fulfilled
Vision (V) Creation of desirable future PO, NF Storytelling,
vision brainstorming
Criteria (C) Definitions and quantification V Brainstorming,
of criteria that specify the quantification
vision
Solutions (S) Generation of a complete V, SB Storytelling,
solution space Morphological method
Drivers (D) Identification of external SB Brainstorming,
forces that could impact the uncertainty-impact
system; identification of analysis, modelling
trends and key uncertainties
Solution testing (ST) Selection of a solution for S,C,D Criteria testing,
implementation robustness/sensitivity
testing; sustainability
testing; modelling
Pathway (P) Elaboration of a set of ST,V Brainstorming,

changes that are required in
order to achieve the
desirable future vision by
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means of the chosen solution

Action plan (AP) Short-term action-plan in line P Project management
with the designed pathway techniques
Follow-ups (F) Design of follow-up activities P, AP Brainstorming;
and initial monitoring of follow-up interviews
implementation of the project
outcomes

When exemplifying the methods that can be applied within the modules, only
analytical and design methods are provided. To follow the classification of PB
methods suggested by Quist et al. (2011), participatory and management methods
are also connected to the mPB. In this study these methods are implemented
according to the principles of Td.

7. Design and results of mPB

The mPB was implemented in two cases aimed at sustainability of heat provision in
cities with relevant adaptations to the local socio-cultural context and project
limitations (e.g. time, skills, budget). The first project was performed in the Ukrainian
city Bila Tserkva during January 2012-May 2013 and the second in the Serbian city
Ni$ during January 2014-May 2015. Besides identified differences, both cities have a
number of similarities such as a dominant top-down mode of energy planning with a
short-term planning horizon; high priority given to techno-economic criteria and
almost neglecting environmental and social criteria; poor condition of many technical
components; lack of cooperation between researchers and stakeholders; and lack of
locally available knowledge and skills to advance energy planning practices.

7.1 Bila Tserkva case

Bila Tserkva is a medium-sized city with a population of 220 000 located in central
Ukraine, 80 km from the capital Kyiv. Heat provision in the city mainly comprises
district heating (DH) connected to combined heat and power (CHP) based on natural
gas. At the time of project implementation, the city’s DH was in rather poor condition,
with high losses in the distribution network and in buildings. The decentralised
heating system includes individual gas boilers (using a natural gas distribution
network in the city), wood stoves and electric heaters. (IEA, 2008; EBRD, 2011)

The project team of the mPB project in Bila Tserkva consisted of representatives
from Ukrainian, Swedish and Dutch universities and research institutions. Bila
Tserkva city council expressed a willingness to pilot the suggested mPB framework
and a broad range of stakeholders from the city were engaged in the project,
including representatives of different departments in the city council, the heat
generation company, the heat distribution utility, producers of decentralised heating
equipment, researchers, NGOs and consumers. Application of mPB in the Bila
Tserkva project is shown in Figure 1 in terms of the efforts dedicated to
implementation of each module and the shares of efforts through participatory
processes and desktop study by the project team.
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Figure 1. Design of the modular participatory broadcasting (mPB) framework in Bila Tserkva, Ukraine.

The problem for the mPB project in Bila Tserkva was defined in collaboration with
local stakeholders. It was decided to focus on sustainability of heat provision in the
public, commercial and residential sectors by 2050, with an intermediate point in
2030. System boundaries were defined based on a process-based approach that
encompassed different stages of heat provision from the resource input to the final
heat demand (an approach based on the European Union (EU) specification for
heating systems). The main results for the Bila Tserkva project in terms of future
vision, criteria, final solution and key uncertainties are presented in Table 3.

Table 3. Results of modular participatory backcasting (mPB) implementation in Bila Tserkva, Ukraine

Vision Comfortable indoor climate in residential and public sector buildings
Criteria Acceptability; affordability; efficiency; environmentally friendly; reliability
Final solution Fully centralised DH that can supply multi-storey buildings and densely

populated areas. DH to be based on natural gas and renewables (heat
pump in wastewater was discussed as a possible solution, along with a
waste incineration plant). Form of ownership on DH and distribution
network set as private, with city council influence.

For the private sector and single-family houses, decentralised
renewable-based heating solutions are suggested.

Key uncertainties Prices of energy resources
Priority of energy efficiency in national energy policy

7.2 Nis case

Nis is the third largest city in Serbia, with a population of 260 000, and is located
230 km south-east of the capital city, Belgrade. Heat provision in Ni$ includes DH,
with natural gas as the main resource for heat generation. However, a large
proportion (33%) of heat consumed in the residential sector is based on electricity
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generated in a lignite-based thermal power plant. Firewood burned in traditional
inefficient woodstoves is the second largest resource for heat generation (31%). The
majority of public sector buildings in Ni$ (about 61%) are connected to DH. (SEAP for
NiS§, 2014; Statistical office of RS, 2014; Zivkovic et al., 2016)

The project team of the mPB project in Ni$ consisted of representatives from
Swedish and Serbian universities and from Ni$ city council. The project successfully
engaged representatives from a broad range of local stakeholders including different
departments of the city council, the DH company, the natural gas supplier,
researchers, NGOs and consumers. Figure 2 shows the application of the mPB for
the Nis project.

100%

Participatory
process

Module ﬂﬁnmm
plan

Desktop
study

100%

Figure 2. Design of the modular participatory backcasting (mPB) framewrok in Ni§, Serbia.

As in Bila Tserkva, the problem in Ni§ was defined as sustainability of heat provision

in the public and residential sectors by 2050, with an important intermediate deadline
in 2030. The process-based approach was also applied to define system boundaries.
The main results of the project in Ni$ are presented in Table 4.

Table 4. Results of modular participatory backcasting (mPB) implementation in Ni§, Serbia

Vision Affordable, comfortable and environmentally friendly heating and
cooling in Ni§ by 2050
Criteria Affordability; comfort/convenience; energy efficiency;

environmental performance; energy security

Final solution Final solution named “Efficiency for the green future”.
It includes setting higher standards on energy efficiency of buildings
(class B for new and class C for retrofitted). Maximal expansion of DH
in the central part of the city and zones with high heat load density, and
marginal expansion of DH in zones with low heat load density. The
scenario assumes a major increase of the share of renewables for both
DH and decentralised solutions. It also gives priority to green
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architecture solutions for new buildings in the city (e.g. green walls,
bio-degradable materials, building placement etc.). Furthermore, the
scenario includes the application of smart technologies (e.g. meters,
sensors, |oT) in new buildings.

Key uncertainties Economic development
Political will for change in the energy sector at national level

8. Discussion and Conclusions

The study proposes a novel framework for long-term planning in the heating sector:
modular participator backcasting (mPB). It is based on participatory backcasting
(Quist et al., 2011), which assumes development of a desirable future vision and a
pathway towards this vision. The PB approach enabled engagement of a broad
range of stakeholders in both case cities and facilitated workshop interactions based
on consensus building. It also allowed sustainability criteria to be incorporated into
both projects through stakeholder dialogue during the creativity workshops.
Furthermore, the planning horizon was considerably prolonged compared with that
typically used in both cities.

The design of mPB based on the principle of modularity strengthened its adaptability
and scalability. Thus, in both projects, the order of the modules, the amount of effort
dedicated to each module, the effort distribution between the participatory activities
and the back-office work by the project teams, and the methods within the modules
were adjusted to the local context and project limitations. Furthermore, modularity
facilitated learning on mPB by local researchers and stakeholders and helped them
apply their skills and experience to strengthen the quality of the module outcomes.

The property of augmentation provided the possibility of adding modules to mPB. In
both Ni$ and Bila Tserkva, a number of capacity-building workshops were integrated
into mPB as additional activities for local researchers. Adding other modules focusing
e.g. on networking or learning could be beneficial for strengthening the
corresponding effects of mPB. The property of exclusion provided an opportunity to
integrate results achieved within other projects. For example, the Current situation
module was partly based on outcomes from other projects (e.g. SEAP for Nis). The
property of substitution was used to integrate different methods into the same
modules. Thus, in the Ni$ project Solution testing was facilitated by the development
of a model in LEAP (Long-range Energy Alternatives Planning System), while in Bila
Tserkva project the same module was implemented through expert analysis by
stakeholders.

In both projects, quantitative methods were integrated into the participatory
processes. This PM-inspired approach led to a number of positive effects, e.g.
enhanced quality of solution analysis against environmental criteria,
operationalisation of criteria to enable their use as progress indicators, and in-depth
current situation analysis. In the Ni$ case, questioning of the assumptions for the
LEAP model through the participatory process was beneficial in model improvement.
However, the projects also confirmed challenges related to PM. To address some of
these challenges (e.g. the ‘group think’ effect and influence of human biases), the
morphological method for scenario development and selection has been integrated
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into the Solutions module (Pereverza et al., 2017). Further development of such
methods for other modules could be important for strengthening mPB.

Incorporation of principles of Td into design and implementation of the mPB led to
establishment of more equal relations between researchers and stakeholders, and
facilitated creation of a supportive environment for knowledge sharing and co-
creation activities. Both projects had positive influences on the attitudes of
participants regarding the importance of collaboration between researchers and
stakeholders to foster sustainability transition in Ukraine and Serbia.

Overall, implementation of mPB contributed to the reproducibility and transparency of
long-term planning processes in the heating sector. This is beneficial for
advancement and democratisation of local planning and policy-making practices and
for further research through cross-case analysis.
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Abstract

European Union (EU) building codes require generation of energy performance certificates (EPC) for
all new buildings and major renovations. The aim of these certificates is to help member states reach
the energy efficiency targets set by the EU, by visualising energy efficiency opportunities for building
owners. EPC data provide opportunities for future energy policies, monitoring of building energy
performance and energy efficiency market research. However, to exploit these opportunities, good
quality and coverage of EPC data are required. Conventional data quality studies while focusing on
data accuracy and consistency, do not expose all problems that limit effective use of the EPC data,
e.g. lacking features, poorly developed metadata, etc.

This paper proposes a novel method for assessing the quality of EPCs using data analytics. The
method is based on six validation levels and is empirically exemplified with a study of the city of
Stockholm. Three versions of an EPC dataset were analysed, highlighting typical problem areas and
approaches to problem identification and mitigation. Existing applications of EPC data were classified
by types of data science research questions. The analysis showed that EPC data can be improved
through a) adding or revising the EPC features and b) assuring interoperability of EPC datasets. The
study concludes that EPC data can have wider applications than initially intended by the EPC policy
instrument, which would put stronger requirements on the quality and content of the data.

1. Introduction

The buildings sector is the largest consumer of electricity and district heat
(International Energy Agency, 2016), accounting for 19% of energy-related
greenhouse gas (GHG) emissions globally in 2010 (Lucon et al., 2014). Thus it is
also one of the most cost-effective sectors for reducing energy consumption
(International Energy Agency, 2010). Decreasing overall energy demand and
improving energy efficiency in buildings without compromising comfort, health and
productivity is the basic strategy for decarbonisation of this sector.

Regulations, audits and certification are three basic policy instruments for energy
efficiency in buildings (Pérez-Lombard et al., 2009). Energy performance certificates
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(EPCs) have emerged as a core instrument for achieving energy efficiency in
buildings since the early 1990s. The general idea behind EPCs is to influence the
building market through informing actors in the building sector (building owners,
occupants, real estate agents etc.) about the energy performance of buildings
(Maldonado, 2015). As the term ‘energy certification’ has a slightly different meaning
across various implementations, here we use the International Energy Agency (IEA)
definition, which includes a) the entire process of certification (the assessment), b)
the result (the certificate) and c) dissemination of the information (International
Energy Agency, 2010).

Over the 10-year period since European Union (EU) member states first launched the
EPC data collection process, the EPC database has become one of the main
sources of information about building energy, but certain concerns have been raised
about its quality (Arcipowska et al., 2014). The performance gap, i.e. the difference
between estimated and actual energy performance (de Wilde, 2014; Kelly et al.,
2012; Majcen et al., 2015), may be preventing the adoption of bottom-up energy
efficiency measures (Kelly et al., 2012). Swedish EPC data are no exception since:
they may contain uncertainties (Claesson, 2011); the estimated average variance of
Swedish EPCs is £20% for energy consumption assessment and +80% for energy
conservation potential assessments (Harsman et al., 2016); and detailed
discrepancies have been reported for the building areas featured in EPCs (Mangold
et al,, 2015).

The current exponential increase in available building energy and environmental
monitoring data (Ahmad et al., 2016) is generating great potential for applications
based on data science — a fusion of mathematical and statistical analysis with
information technology tools for extracting and exploiting the knowledge and
information contained in data. Data analysis techniques have been shown to be
useful for solving energy problems (Molina-Solana et al., 2017). Yet, as with any
other scientific method, the quality of the input data and research questions being
answered are crucial for the quality of the results. Recent studies point to a wider
spectrum of possible applications for EPC data than originally intended, for instance
in studies of energy demand in buildings and related causalities (Bragger and
Wittchen, 2016) and in creating overview and validating models of the building stock
(Mangold et al., 2015).

EPC data can add value for policy making, monitoring, market and research analysis,
but for such applications further quality measures should be introduced and effective
use of the EPC data should be promoted (Arcipowska et al., 2014). Existing EPC
data quality studies usually focus on data accuracy and consistency issues, which do
not cover all levels of validation (Simon, 2013). Although data quality studies provide
valuable feedback to EPC data collectors, they do not expose all the data quality
issues that prevent broader application of the EPC data.

The aim of this study was to identify the possibilities and problems for utilising the
EPC data in the building energy studies, based on a literature review, and to
demonstrate a new approach to EPC data quality assurance for the case of Sweden.
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2. Building energy

The energy performance of buildings is a major focus of the EU’s energy and climate
policy. The primary instrument for improving building energy performance in the EU is
the Energy Performance of Buildings Directive (EPBD), which was introduced in 2002
(EPBD 2002/91/EC) and revised in 2010 (EPBD recast 2010/31/EU). The necessary
improvements are to be achieved through various approaches, e.g. imposing new
building codes for newly constructed buildings, energy retrofitting of existing
buildings, developing financial incentives to foster energy efficiency, shifting
consumer behaviour etc.

Building energy certification has been developed as a key policy instrument to
improve energy efficiency, decrease energy consumption and provide more
transparency on energy use in buildings. Besides national certification schemes that
have been developed, first in the EU and US and later in other countries, a number of
regional and global schemes have appeared, e.g. BREEAM, LEED, Miljébyggnad,
Svanen etc. Pérez-Lombard et al. (2009) distinguish three processes within building
energy certification: (i) benchmarking, (ii) rating and (iii) labelling. However, Nikolaou
et al. (2011) propose five certification procedures: (i) benchmarking, (ii) building
database, (iii) energy efficiency estimation, (iv) determination of energy classes and
(v) improving energy efficiency.

EPC data generally include: a) building reference (identification, type, construction
year), b) building geometry (floor area, envelope form), c) certificate methodology
(measured vs calculated data, time period of the audit), d) factual energy
consumption (energy use per source), €) calculated energy performance, f) energy
system installations (HVAC, solar), g) recommendations (and their implementation),
h) additional information (reference values, emissions) and i) energy expert
information.

By 2014, quality control of EPCs was established in all EU member states. Although
approaches vary among different countries, all of them involve verification of “a
random selection of at least a statistically significant percentage of all the energy
performance certificates issued annually” (EU Parliament, 2010). Arcipowska et al.
(2014) highlight a need for further improvement of EPC data quality, including use of
intelligent tools for quality checking and further harmonisation of the quality checks
on EPCs.

3. Reproducible data analysis

Rapid development of ICT and the consequent data deluge has triggered the
emergence of data-driven and data-intensive research (Hey et al., 2009). Digitisation
of cities and the growing ubiquity of data has resulted in intensive development of
massive datasets and data streams related to the urban environment (Kitchin, 2014).
This opens up new opportunities for urban and building energy studies, e.g. using
data science for building energy management (Molina-Solana et al., 2017). At the
same time, it imposes higher standards on urban analytics studies from the
perspective of reproducible research (Peng, 2011).
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Data quality is a basic requirement for the validity of data-driven research (Osborne,
2013). Data producers may play an important role in providing official quality
thresholds for the published data (‘truth-in-labelling’), yet the main responsibility for
assessing whether the data fit the particular application lies with data consumers,
who determine their final ‘fitness-for-use’ (Veregin, 1999). Problems with data
accuracy, precision, consistency and completeness can be addressed by data
cleaning methods, which include screening, diagnosis and editing (Van den Broeck
et al., 2005). Although many data problems can be occasionally detected within
analysis, searching for errors in a planned way is more efficient and secure.

To arrange screening of the EPC data in a systematic process, we suggest the use of
data validation levels (see Table 1). Each increase in level corresponds to use of
larger amounts of data in the analysis. Validation on levels 3-4 is possible only if
there are additional related datasets available from the same data collector, and is
therefore usually performed only by the data collector, while validation on levels 3-5
usually demands significantly more efforts to enable connectivity between the
datasets analysed. This limits most EPC data quality studies to validation levels 0-2.

Table 1: Data validation levels (adapted from (Simon, 2013)

No. | Validation level Description

0 Data structure Check of format and structure (no data)

1 Within the file/table Checks between cells, records, aggregate statistics
2 Within the dataset/source | Checks between file revisions, time series

3 Within the domain Mirror checks between different sources

4 Within the data collector Consistency checks between domains

5 Between data collectors Consistency checks between data collectors

Even fully reproducible data analysis can be erroneous if the wrong type of question
is addressed. In this paper, we map applications of the EPC data using the typology
of data analysis questions proposed by Leek and Peng (2015): 1) descriptive, 2)
exploratory, 3) inferential, 4) predictive, 5) causal and 6) mechanistic.

4. Applications of EPC data

Using the typology of data analysis questions (Leek and Peng, 2015), recent studies
that used EPC data and applied or had clear potential for applying data science
techniques for analysis of building energy were classified (Table 2).

Table 2: Classification of existing EPC data applications by type of data analysis questions

Problem Type of data analysis References
question

(Descriptive, Explanatory,
Inferential, Predictive,
Causal, Mechanistic)

Building energy use

Mapping existing building D, E (Hjortling et al., n.d.), (Yang

stock performance and Chen, 2016), (Johansson
etal., 2017)

Building energy use P (Yu et al., 2016), (de Wilde,
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prediction 2014), (Herrando et al., 2016),
(Mangold et al., 2015),
(Paterson et al., 2017)

Study of determinants of D,E,I,P,M (Hawkins et al., 2012)
building energy use

Economy of energy performance

Effect of EPC ratingonthe |D,E,]| (Fuerst and McAllister, 2011),

capital values of assets (Jensen et al., 2016)

Cost-efficient retrofitting E,P (Jeong et al., 2017)

Consumption behaviour

Building occupancy and D,E,P,C (Yu et al., 2016), (Majcen et al.,

occupant behaviour 2015)

Building energy management

Fault detection diagnostics D,E,I,P,C,M (Yu et al., 2016), (Molina-

(FDD) for building systems Solana et al., 2017)

Building design & renovation

Design of low- D,E,I,P (Molina-Solana et al., 2017),

emission/energy buildings (Johansson et al., 2016),
(Ladenhauf et al., 2014)

Energy retrofitting E,P (Dineen et al., 2015),

(Johansson et al., 2017)

Energy planning

Energy planning at the D,E, P (Dall O et al., 2015),
municipal or district level (Johansson et al., 2016)

As Table 2 shows, some of the EPC data applications have a clear connection to the
initial goal of the EPC instrument (e.g. mapping the current building stock
performance and benchmarking the design of newly constructed buildings), while
other applications go beyond these objectives. It is also worth pointing out that in
most of the cases listed in Tab/e 2, merging of several data sources created the
greatest added value.

5. Analysis of Swedish EPCs

In Sweden, EPCs were introduced in 2006 by the Energy Declaration Act. The Board
of Housing, Building and Planning (Boverket) is the body responsible for legal
regulation of EPCs, their supervision and quality, including maintenance of the EPC
database “Gripen” and involvement of independent certified experts. EPCs are
mandatory for all buildings that are: a) subject to sale or rent; b) frequently visited by
the public; or c) newly constructed. The basic EPC data (e.g. energy use intensity,
ventilation check, local contact point and date of the declaration issue) are available
to the general public on the Boverket website," through a search by declaration ID or
building address, while the remaining information on a particular building can be
obtained by request from real estate agents, building owners, occupants,
maintenance companies or other interested parties (after the necessary data
anonymisation).

1http://www.boverket.se/sv/byggande/energideklaration/sok-energideklaration/sok—och-bestall-
energideklaration/
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In this study we analysed three versions of the EPC dataset (Table 3) using metering
data on factual heat energy consumption in Stockholm? obtained from the local
energy utility (AB Fortum Varme Samagt med Stockholms Stad) operating the city’s
district heating network.

Table 3: Versions of the EPC dataset analysed in this study

No. | Date of latest | Number of EPCs Distinguishing features
record Sweden Stockholm | (see Notes below)
1 11 Nov 2009 190 067 14 117 (e)
2 10 Apr 2014 - 15947 (a), (c), (d)
3 31 Dec 2016 596 050 30476 (b), (c), (f), (9)
Notes:

a) Data are subset to the City of Stockholm.

b) Columns on ventilation systems are absent.

c) Information on the contact responsible for energy efficiency is absent.

d) Recommendations on energy efficiency measures are absent.

e) Recommendations on energy efficiency measures are provided in free form (text field).

f) Recommendations on energy efficiency measures are provided in logical form (checkboxes).
g) New building usage typology is used from 2015.

The dataset on factual district heat energy consumption (hereafter ‘FDH’) contained
data on heat energy consumption at 15 068 metering points representing all buildings
in Stockholm that are customers of the local district heating network, which
corresponds to ~85% of the total building stock in the city. The data covered the year
2012 with hourly precision and also contained reference information on type of
building usage, building age category and total heated area (A¢epmyp)-

In our analysis we applied a quality assurance approach using five validation levels
(Table 1): 0) data structure; 1) within the file/table; 2) within the dataset/source; 3)
within the domain; 4) within the data collector; and 5) between data collectors.
Validation at levels 0, 1, 2 and 5 was conducted within the scope of urban energy
modelling for city-wide retrofitting planning for Stockholm. Validation at levels 3-4 was
not performed directly in this study, due to lack of the necessary data, but results in
other studies and possible approaches are described for levels 3 and 4, respectively.

Level 0. Check of the data structure. We explored the format and structure of the
dataset. All three versions of the dataset (Table 3) were exported manually from the
SQL database by Boverket representatives into a similar format of text file with
separators. The metadata did not contain information on which columns are
compulsory. Therefore missing values were treated by the data-inspired rules
constructed for each column individually, as recommended by (Graham, 2009). For
some columns missing values could be converted to zero values or imputed from
related cells with strong confidence (as in the case of different types of area), while
for other columns missing values could be interpreted only as NA (not available).

We concluded that limiting missing values during data collection and making a clear
distinction between zeros and NAs in the database would allow possible confusion to
be avoided and would preserve more information.

2Stockholm municipality is referred to hereafter as “Stockholm”.
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Level 1. Check between values and records. This type of validation is the most
widespread. We performed several types of consistency checks:

i) Constraint rules for particular columns (e.g. area cannot be negative,
municipality name should be in the dictionary).

i) Physical rules involving analysis of values from several columns (e.g. year of
construction cannot be later than date of declaration approval; if electricity
intensity use is above standard threshold and there is no reported heat source,
then unreported heat pump usage is assumed).

iii) Statistical checks (outlier analysis (Aggarwal, 2016) and aggregate statistics
tests (US EPA, 2000))

The analysis showed that linking dictionaries and adding constraints would
significantly improve the quality for most string and numerical types of columns
respectively.

Level 2. Check between dataset revisions. We conducted comparative analysis of the
three dataset revisions (Table 3) which allowed us to: a) follow the general dynamics
of dataset development; and b) reveal the uncertainty in particular features (columns)
or particular EPCs (records). For example, it was shown that 22 348 (11.8%) EPCs
from the dataset v1 are not present in the dataset v3, which cannot be explained by
re-audit of these buildings in all cases. While general dataset structure has been kept
the same, many column names have been changed and some columns have
mutated quite dramatically (see distinguishing features in Table 3), which adds
additional replicability problems to EPC data applications.

The analysis demonstrated that data representation of the building stock in the form
of non-linked building ‘snapshots’ carries a risk of significant loss of data consistency
over time, which limits studies of the dynamics of the building stock. We suggest that
a) database structure changes should be documented and made available to the
public; and b) a ‘connected timeline’ approach should be applied, appending updates
to each building record instead of rewriting it.

Level 3. Check between data sources. We did not perform quality assurance within
the EPC domain due to the limitations of this study and instead analysed the results
of the study performed by (Claesson, 2011) in collaboration with Boverket. That study
evaluated the data quality of Swedish EPCs focusing on the stage of data collection
and input by energy experts. Ten randomly selected EPCs were assessed via
independent energy audits and interviews with the energy experts. Claesson (2011)
found: a) clear misuse of measured and estimated values on energy use; b) error
values produced by ‘take the rest’ principle when the remaining energy use
component was calculated without measurement; c) limitations of the “normal”
energy use used for comparisons; d) loss of information about the recommendations
due to not including them in the declarations; and €) lack of uncertainty estimation for
reported values analysed.

We concluded that a) training and quality control of the experts producing energy
declarations should be a priority for EPC data quality assurance on the data
collection side; b) addition of anonymised data on the energy experts to the dataset
would allow researchers to perform independent quality control of the experts through
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data analysis; and c) the structure of the recommendations section should be revised
to maximise the useful information collected from the energy audit.

Level 4. Check between domains. We did not perform this validation due to the
limitations of this study. Validation between various domains within the same data
collector (Boverket) is possible through analysis of the datasets collected for other
tasks of Boverket. As Boverket is responsible for national financial support to the
buildings sector, planned and reported energy-related costs is an adjacent domain
for consistency check of energy performance indicators. Construction permits is
another domain to provide check data on general building characteristics within the
same data collector.

We concluded that EPC data collectors usually have a number of data streams from
adjacent domains which can be used for validation at level 4. Due to the privacy
limitations and interoperability challenges, this should be performed by the data
collector rather than a third party.

Level 5. Check between data collectors. We performed level 5 validation through
linking the Stockholm subset of EPC data with FDH data via cadastral codes
(‘fastighetsbetdckning’ in Swedish). That allowed us to conduct a consistency check
of columns present in both datasets (heated area, heat energy use intensity, building
usage category, building age). We observed a slight discrepancy between all data
fields, with major problems regarding heated area (A¢.m,;). An additional random
check through Google Maps Street View allowed us to confirm errors in reported
number of floors in the EPC data.

Besides quality assurance at this level, the EPC data were used:

a) to segment the Stockholm building stock into archetype clusters within a city-
wide retrofitting data analysis; and

b) to inject additional controlled parameters into the FDH data for dedicated
studies of the performance of particular energy systems and retrofitting
solutions.

The main obstacle to EPC data application was that the amount of EPC data initially
linked to FDH data was rather low (47.6% of all eligible records) and the share of the
valid linkages that passed checks was even lower. This is mainly due to non-
completeness of both EPC and FDH datasets providing rich, but not full, coverage of
the examined building stock. Adding a third data source without this problem, e.g. a
dataset on cadastral codes from the Swedish National Land Survey (Lantmateriet),
would help to solve this problem.

We concluded that application-driven quality assurance: a) is less holistic and by
default cannot provide full coverage of the quality issues, as the primary goal of the
study is different; and b) sets stronger requirements on the EPC data and
consequently can result in generation of more insights regarding further requirements
on this dataset.
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6. Discussion & Conclusions

This paper demonstrates a new approach to systematic data assurance of the EPC
data based on five different validation levels. The proposed data quality assurance
procedure can be used both in initial data quality control by the data collector (e.g.
Boverket) and at the stage of data cleaning and editing by individual data users (e.g.
researcher. The former is reported to be by far the cheaper option (Chapman, 2005).
Swedish EPC data can be commended for their representative coverage of the
national building stock by 2016, well-established structure and digital organisation,
active quality assurance measures and quite open mode of access for wide public,
but there is room for improvement.

The EPC data can be used for the vast majority of building energy studies, i.e.
building energy use analysis and prediction, design of new buildings and energy- and
cost-efficient retrofitting of existing buildings, occupant behaviour and building
operation, where EPC data quality is significantly application-driven. Redesigning
building performance evaluation and certification tools so that they target specific
policy objectives may increase their effect (Kelly et al., 2012). The FAIR (findable,
accessible, interoperable, usable) guiding principles for scientific data management
and stewardship (Wilkinson et al., 2016) could be used to steer such redesign from a
data management perspective.

Adding and improving features of EPCs is one possible direction for improvement.
For example, Swedish EPCs could also provide information on transparent and
opaque areas, as envisaged by the general EPBD requirements and as implemented
in other national EPC databases (Dascalaki et al., 2010; Sustainable Energy Ireland,
2006). Such improvements would make possible automated building simulation
workflows for urban building energy modelling. Assuring interoperability and
transforming data structure in compliance with the linked data standards (Abanda et
al., 2013) is another core area of improvement. Moreover, it has been demonstrated
that preserving primary data at disaggregated level is required (Bragger and
Wittchen, 2016).

Linking the EPC data to FDH data in this study demonstrated the benefits of
validation based on the independent sources. Similarly, Kelly et al. (2012) concluded
that using metered energy consumption data can improve the accuracy of EPCs and
related applications. The linking of EPC and FDH data sources in this study benefited
the city-wide retrofitting planning for Stockholm, which confirms the reported need for
interoperability of the EPC dataset with other data sources (Harsman et al., 2016).

Itis clear that EPC data can have wider applications than initially intended by the
EPC policy instrument. The benefits of using EPC data for a broader scope of
applications are twofold: i) it sets stronger requirements on the quality and content of
the data and ii) growth in applications apparently triggers more feedback, enabling
easier means of quality control, and increases the general effect of the EPC
instrument. In the present study, classifying building energy problems by type of data
analysis research question proved helpful for identifying needs and providing
systematic guidance for the development of EPC databases, along with highlighting
unrevealed potential for EPC data applications.
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Abstract

The paper, which assesses the basic thermodynamic properties of a human Socio-Ecological System
(SES), is aimed at analyzing the societal evolution and vulnerabilities, given its main energy features.
The costs for maintaining a hierarchical structure, which developed historically under the pressure of
different emerging threats, are payed by the lower levels (i.e.: the components) of the society and by
the biota. In particular, the increasing level of energy demand is forcing human SESs to move toward
undesirable tipping points, which are well described within the planetary boundary framework. In order
to avoid such an unwished transition, a multi-dimensional approach should be adopted. The
redistribution of energy demand, the economic implications, the preservation of the natural biota and of
biodiversity should be focal points for developing and adopting future policy roadmaps. Further
investigations are also necessary, in order to better understand the energy dynamics associated to
human SES structure for reducing the potential risk of a future societal collapse. Finally, the growing
body of literature on sociotechnical transitions could provide a source of ideas to assist in this task.

1. Introduction

We live in the Anthropocene, the epoch in which human activity profoundly affects the
environment, from Earth’s major biogeochemical cycles to the evolution of life (Lewis
and Maslin, 2015). There is a distinct geological evidence, indicating that this new
geological era started with the so-called ‘Great Acceleration’ of the mid-twentieth
century (Zalasiewicz et al., 2015; Waters et al., 2016). The intensive growth of
population, GDP and productions constitute some of the basic features of the Great
Acceleration. Thus, our future environment will largely consist of human-influenced
ecosystems, managed to varying degrees, in which the natural services, that humans
depend on, will be harder and harder to maintain (Palmer et al., 2004). This new
situation calls for a fundamental shift in perspectives, world views, and institutions
(Folke et al., 2011). In particular, human development and progress must be
reconnected to the capacity of the biosphere and essential ecosystem services to be
sustained.

This is why a conceptualization of human communities and their dynamics is
fundamental. In particular, we need to understand how to describe the ‘dialogue’ on
human/nature relations, including both the social and natural sciences. Hence, the
integrated functioning of individual system components and the driving forces of
human and natural origin need to be analysed together. Earlier attempts to develop an
ecological framework for integrating humans with nature were developed by Viadimir
Vernadsky and Pierre Teilhard de Chardin, who defined the concepts of biosphere and
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noosphere (Levit, 2000). A few decades later, the opportunity of investigating life
(Schrodinger, 1992) and societies (Majorana, 1942) through a physical approach was
explored. In particular, the paper by Ettore Majorana recognizes the value of statistical
laws for describing the properties of social processes. Later, Social-Ecological
Systems (SES hereafter) theory was developed, as the “integration of the parts”
(Holling, 1998). A SES, which is complex and adaptive and delimited by spatial or
functional boundaries surrounding particular ecosystems and their problem context,
can be broadly defined as (Glaser et al., 2008): a coherent system of biophysical and
social factors, that regularly interact in a resilient, sustained manner; a system that is
defined at several spatial, temporal, and organisational scales, which may be
hierarchically linked; a set of critical resources (natural, socioeconomic, and cultural)
whose flow and use is regulated by a combination of ecological and social systems; a
perpetually dynamic, complex system with continuous adaptation (Berkes et al., 2003).

A hierarchical understanding of biological systems is not new, since it has prevailed
among biologists for more than a century. At the same time, as a consequence of
works by Schrodinger and Prigogine, thermodynamic views have been imposed on
ecosystems (Nielsen, 2000; Jergensen and Nielsen, 2015). Nonetheless, the
integration of environmental, social, cultural and economic dimensions within a unique
methodological framework and a unified nomenclature is still at its beginning for a
human-dominated system. This is why a new conceptual model was developed by
Casazza et al. (2017), in analogy with molecular structures, using the physical
chemistry as a reference language. The analogy is rooted on two basic properties of
living beings: their connected and finite structure and their need for energy (Sertorio
and Tinetti, 2001). Starting from these premises, on the basis of a few properties known
from thermodynamics, which will be described in the next section of this work, the
purpose of this paper is to further investigate the properties of a human SES, while
discussing about its stability and the potential arising vulnerabilities. Energy instability
is viewed as one among the possible causes of societal collapse (Tainter, 1988). The
discussion will investigate about the societal consequences derived from such
attributes focusing on: societal evolution; societal stability; risk of collapse and
vulnerability; vulnerability of the biota; possible solutions. Some conclusions will be
drawn in the final section, based on the given evidences.

2. Materials and methods

The energy-related properties of a human SES are briefly listed in this section. They
can be defined using thermodynamics and statistical mechanics, since it is
demonstrated that a homeomorphism exists between ecological systems and
statistical mechanics (Rodriguez et al., 2012). A human SES is a multi-level structure,
which can be described through a set of different parameters. Each level of the
structure goes through different microstates, which can be quantified. In this
framework, the nature of boundaries within hierarchy theory has been already
investigated elsewhere (Yarrow and Salthe, 2008). The possibility of defining and
measuring independently the characteristics of each microstate, as sub-systems of a
given system, depends on the statistical independency, which is not intuitive, since
they are not isolated. Nonetheless, being microstates both macroscopic and smaller
than the whole system, they can be treated as separate for sufficiently small time
intervals (Landau and Lifshitz, 2013). This means that the state of a micro-system
doesn’t affect the probability of measuring different values and observing different
dynamics for the other microstates. This property is known as statistical independency.
The statistical independency of microstates guarantees the validity of Liouville theorem
and, as a consequence, the basic properties of each microstate can be expressed as
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first integrals as a function of energy. This is true for sufficiently short time intervals.
Otherwise, the thermodynamic criteria come from non-equilibrium or irreversible
thermodynamics. These facts are confirmed in a study, which claims that, during
periods in which the boundary conditions may be considered as being constant, criteria
from irreversible thermodynamic theory are sufficient to permit a quantitative prediction
of ecosystem response to perturbation (Chavez and Michaelian, 2011).

Second, in order to describe the equilibrium of a non-isolated system, Gibbs free
energy (also known as availability or exergy), usually labelled with the letter G, was
introduced. G is defined through the following equation:

G=E+pV+uN — TS 1)

It is possible to describe the terms appearing on the right hand-side of the equation in
simpler words with respect to the purpose of this paper. The term E represents the
internal energy, which is a ‘structural’ variable, used to quantify the energy invested in
keeping together a structure composed by N elements. The product of p and V
measures the (mechanical) work performed by the system. The product between p and
N assesses the accumulation of energy by the N components of the microstate on the
basis of individual energy attribution, measured through the variable p. Finally, the last
term, weights the loss of the sub-system in relation with dissipation.

Gibbs described this "available energy" as “the greatest amount of mechanical work
which can be obtained from a given quantity of a certain substance in a given initial
state, without increasing its total volume or allowing heat to pass to or from external
bodies, except such as at the close of the processes are left in their initial condition”
(Gibbs, 1873). The equation describing the process associated to Gibbs free energy
changes simply says that, when the energy associated to the structure is consumed
along a time interval, a certain amount of power is dissipated and the balance is
maintained by the change in performed work (Annila, 2010). A remarkable property of
G is that, for a system with constant (external) temperature and pressure, the
equilibrium state corresponds to a minimum of Gibbs free energy (Huang, 1987). In
general, this means that:

AGS0 )

The use of G is convenient, when considering biological evolution in terms of
thermodynamics, because many organisms can only live in a comparatively narrow
range of temperatures (T) and pressures (p). Thus, for a first approximation, T and p
can be considered constant. Furthermore, each process of reaching quasi-equilibrium
in a subsystem (system) can be regarded as a particular biological evolution, which is
a component of the general biological evolution (Gladyshev, 1978). The introduced
concepts allow one to speak of “quasi-equilibrium states” in complex subsystems
(systems) and to use the general methods of the classical theory of equilibrium (Gibbs,
1928; Guggenheim, 1933; Lewis and Rendall, 1961). Note that in non-equilibrium
thermodynamics quasi-equilibria can be described as ‘asymptotic stationary states of
imbalance” (Prigogine & Defay,1954; Prigogine, 1959). General features of G, which
can be applied for the description of population evolution and even the noosphere,
which is associated to human information flows, is further described in some later
papers by the same author (Gladyshev and Gladyshev, 1996; Gladyshev, 2002a;
2004; 2007). Among them, the hierarchizing process, within a given ecosystem at any
scale, as a function of G is assessed.
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Three further properties are assessed in Gladyshev works (Gladyshev, 1978; 2007):
(1) The existence of evolutional potentials as analogues of chemical potentials, defined
as specific components of the Gibbs free energy related to the unit mass; (2) The
increase of energy density in the volume V of any evolving biological subsystem, in
association the increase potential (e.g.: considering the use of technologies and
humans as a whole and combining the growth of the parts; Gladyshev, 2007); (3) The
increase of higher-hierarchy formations stability, due to the enrichment of subsystem
with substances having a high energy capacity; (4) During the formation or self-
assembly of the most thermodynamically stable structures at the highest hierarchical
level (e.g.: the supramolecular level, Nature), in accordance with the second law of
thermodynamics, spontaneously uses predominantly the least thermodynamically
stable structures available from a given local part of the biological system, belonging
to a lower level (e.g.: molecular level), while incorporating these unstable structures
into next higher level (e.g.: supramolecular level) (principle of hemical substance
stability). The latter principle is derived from the second law thermodynamics (the
Clausius—Gibbs variation) in coordination with the Le Chatelier—Braun principle
(Gladyshev, 2007).

Some independent findings are of interest in confirming the previously described
properties. In particular, the evidence of a hierarchical network of energy
transformation processes, which joins small scales to larger scales, and these to even
larger scales, emerged in the works by H.T. Odum. Available energy (i.e.: Gibbs free
energy) at one level is used up in each transformation process to generate a smaller
amount at the next larger scale. Self-organisation reinforces designs, in which the
higher quality energies on the right feed back to the left to reinforce the input process
(autocatalytic feedback). Thus, the use of emergy (spelled with ‘m’), as the available
energy of one kind previously used up to make it, entered in the description of
ecosystem dynamics (Odum, 2002a). Furthermore, emergy was used to identify and
explain the results as systems designs and hierarchical structures self-organized for
maximum empower. In particular, systems self-organize designs and populations that
maximize their contribution to the empower (i.e.: emergy with respect to time) of the
surrounding system (Odum, 2002b). More in detail, the maximum empower principle
is a re-statement of Lotka’s Maximum Power Principle (Lotka, 1922) into a more
suitable Maximum Empower Principle, according to which the simultaneous
maximization of empower (emergy throughput flows) at all system’s levels is required
for sustainability (Ulgiati, 2004). Such a growth is described as increase of potential in
the works by Gladyshev. The growth of individual power extraction, considering the
contribution of the technologies as an additional term of human metabolic power, is
visible along human civilization (Casazza et al., 2016). This process of accumulation
was theorized by Gladyshev and confirmed by the maximum empower principle. The
presence of the noosphere, whose definition should be reframed into the ‘sphere’ of
information, is also considered in the works by Odum (Odum and Odum, 2001). Finally,
the principle of substance stability, applied to the biota and for human-dominated
ecosystems, was confirmed independently by other research scholars (e.g.: Gorshkov,
1995; Makarieva et al., 2005; Makarieva et al., 2014). The mentioned law of substance
stability, as a form of the second law of thermodynamics, can be also described as a
general case of the principle of least action (de Broglie, 1970). Hierarchical
organization of ‘systems within systems’, universal patterns (such as power-law
dependences, skewed distributions, tree-like structures, networks and spirals),
optimization strategies in which internal structures change depend on such a principle
(Annila and Kuismanen, 2009; Makela and Annila, 2010). Moreover, the action, as the
product of energy variation within a given time interval, is minimized along a
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transformation of the system. As a consequence, temporal hierarchies, which increase
in association to an increased position of G hierarchy, depends upon the same rule,
which allows to alternatively model energy and time hierarchies (Gladyshev, 2002b).

It is possible to summarize, up to this point, the relevant energy features, which can be
applied to human SES: Microstates, such as communities, can be treated as
independent components, if a sufficiently small time interval is considered; Gibbs free
energy can be used in modelling the dynamics of such sub-components of a SES;
Gibbs free energy hierarchy emerge from thermodynamic properties, in accordance to
the second law of thermodynamics (i.e.: the least action principle) and to Le Chatelier-
Braun principle; There is a natural tendency of potential increase for each microstate.
This fact is reflected into the maximum empower principle formulated by H.T. Odum;
The validity of emergy accounting and its related algebra, since they are based on the
described energy properties of microstates, is confirmed; Emergy and time hierarchies
are correlated also through the principle of least action.

3. Results and discussion

As remarked by Sertorio (1992), an ecosystem is thermodynamically living. In
particular, the stationary distribution of sustained disequilibria corresponds to a
capacity of mechanical power. The ‘gasoline’ for the planet Earth is represented by
solar radiation, from which it is possible to extract a certain amount of power embedded
in the existing thermodynamic disequilibrium. At the same time, less stable
substances, at lower Gibbs free energy hierarchical levels, feed up more stable
substances at higher hierarchical positions. Second, human SES display a hierarchy
evolution with respect both to time and to energy. This is evident from several historical
cases, where complexity is interrelated with energy. The paper by Casazza et al.
(2017) introduced a conceptual model of hierarchical energy organization for a human
SES. Human SES complexity arises due to several factors. Ecological constraints —
such as heterogeneity in time and space, operating costs, and the threat of rupture —
may shape the processes used to regulate their activity in many biological systems
(Dall et al., 2005). This growth in complexity is closely linked to the growth in energy
that is available to power our way of life. Nonetheless, humans have rarely had surplus
energy. In fact, surpluses, from whatever source, are quickly dissipated by growth in
consumption. This is known as the Rebound Effect, and it has been amply documented
(Polimeni et al., 2008). Complexity has energy costs. The cost of complexity is included
within emergy, which is the energy of one kind used previously to make a service or
product (e.g.: Odum 1996: 7, 26, 265-266). On the other side, also the quality of energy
being used to build up a more complex system can be accounted. In fact, H.T. Odum
used to describe the energy quality as "transformity”. Transformity increases with the
energy transformations, that contribute to the formation of a product (Odum 1996:10-
11). Obviously, the effectiveness of an investment depends on the obtained gain,
which can be evaluated, in energy terms, as "energy return on investment" (EROI)
(Hall et al., 1992: 28).

How can the different terms of availability change, when the energy gain declines? The
answer is contained in equation (1). As written before, the four terms of which G is
composed are: E, pV, uN and TS. Obviously, the main gain is related to the extracted
work, pV, which can further transform the microstate. The microstate, in our case, is
represented by a human SES. The profit declines within the evolution of a society,
when the input is used for different terms than work. Dissipation (TS) always exists, as
known from the second law of thermodynamics. Nonetheless, it can increase, due to
a decrease of efficiency of a process. Internal energy, E, represents the energy used
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to keep together a social structure. A sign of collapse for E could be related to the
declining investments for keeping together a human community. A few practical
historical cases. First, the gradual abandonment of major communication roads, during
and after the Roman Empire decline, due to the lack of their maintenance. Second,
even if less evident. Symbolic language transformations and/or simplifications. As
historical example, the use of Latin was increasingly reduced and substituted with other
ones. It is important to remark the recent discovery, which relates language evolution
to climate conditions and the number of members of a community (Gavin et al., 2017).
Finally, uN represents the sum of individual energy accumulations for the N members
of the community. Broadly speaking, this means that transformative energies (i.e.:
work) could be diverted into private accumulation of resources. Consequently, both
dissipation and energy for keeping a societal structure and private accumulation are
competing terms, which might represent a risk for the positive evolution of a society. It
is important to remark that, anyway, the terms shouldn’t be read as negative a priori.
For example, an investment for increasing E means also increasing the public goods
and services. Thus, in general, E represents a positive or negative energy social cost.
Nonetheless, any expenditure for keeping higher hierarchical levels of a society
compel an increase in resource use and, obviously, a certain amount of dissipation.
The implication of such a statement will be discussed in the following section.

Which are the costs for maintaining a complex human SES? What is affected by such
costs, that represent also a risk for civilization? A general answer, to the first question
is derived from equation (1), is given in the previous sub-section, we need to analyse
the problem further. Energy costs exist in relation to the availability of resources from
lower levels of human SES hierarchy or from the environment. Moreover, it is shown
that the environmental impact of the civilization consists, in terms of energy, of two
major components: the power of direct energy consumption (around 15 x10'2 W,
mostly fossil fuel burning) and the primary productivity power of global ecosystems that
are disturbed by anthropogenic activities. This second, conventionally unaccounted,
power component exceeds the first one by at least several times (Makarieva et al.,
2008). Energy unintended costs, instead, are associated to dissipation and what is
generally known under the name of pollution. As the modern industrial-technological-
informational economy expanded in recent decades, it grew by consuming the Earth's
natural resources at unsustainable rates. Energetic constraints are fundamental to
ecology and evolution, and empirical relationships between species richness and
estimates of available energy (i.e. resources) have led some to suggest that richness
is energetically constrained (Hurlbert and Stegen, 2014). The evolution of human
civilization suggests also that human energy demand is getting closer to the total
appropriation of Net Primary Productivity related to photosynthesis (Brown et al.,
2011). The increasing risk of regime shifts, which can be triggered by several different
drivers individually or also in combination, consists of a breakdown of the social norm,
sudden collapse of co-operation and an over-exploitation of resources. This broadly
corresponds to a decline of E and to an increase of uN (i.e.: individual appropriation
and use of energy resources) values within equation (1). An interesting parallel arises
with food webs and increasing energy requirements, which are dependent on pN
(Bellingeri and Bodini, 2013). The size of population, N, is also relevant. In fact,
population growth rates generally depend on whether new individuals compete for the
same energy or help to “generate” (or, better, extract) new energy (Makarieva et al.,
2008; DelLong and Burger, 2015). These costs are mainly payed by the biota, which
guarantees the permanence of environmental stability. A further factor of instability
related to human consumptions is the Human Appropriation of Net Primary Production
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(HANPP), which provides a useful measure of human intervention into the biosphere.
Future biodiversity loss might derive from three interacting factors: energy withdrawal
from ecosystems due to biomass harvest, habitat loss due to land-use change, and
climate change (Powell and Lenton, 2013). The resulting withdrawal of energy from
managed ecosystems has a large negative impact on biodiversity. It is important to
remark that biodiversity protection is of major importance for several reasons. In fact,
biodiversity impacts the functioning of ecosystems in several ways (Cardinale et al.,
2012): (1) influence on the efficiency by which ecological communities capture
biologically essential resources, produce biomass; (2) decomposing and recycling
biologically essential nutrients; (3) increasing the stability of ecosystem functions
through time; (4) impacting non-linearly and through saturation, such that change
accelerates as biodiversity loss increases. Moreover, loss of diversity across trophic
levels has the potential to influence ecosystem functions even more strongly than
diversity loss within trophic levels. Finally, functional traits of organisms have large
impacts on the magnitude of ecosystem functions, which give rise to a wide range of
plausible impacts of extinction on ecosystem function. As discussed in the same paper,
anyway, the interplay between biodiversity and biodiversity-related ecosystem services
should be further investigated.

Summarizing the found evidences: (1) energy demand and use of availability impacts
on the biota and on the stability of human SES; (2) the high-level of human energy
demand is different from the one usually occurring in stable ecological communities.
This fact constitutes a threat for human SESs stability; (3) the indirect price payed is
crossing the planetary boundaries; (4) among the prices to pay, biodiversity (and also
noodiversity) losses could constitute a major damage both for humans and for the
natural biota; (5) a breakdown of stability, toward a regime shift or societal collapse,
could be manifested as a combination of breakdown of the social norm, sudden
collapse of co-operation and an over-exploitation of resources. All these facts are
interrelated and display different effects on the hierarchical stability of human SES.

Solutions are necessary to reduce the risk of societal instability, avoid the depletion of
biodiversity and preserve the natural biota and its function, while improving human
well-being. A mix of technical, economic, political and social solutions are required for
such a purpose. It would be presumptuous to think that on-the-shelf solutions could be
possible without further analyses. In fact, the complex interplay among different factors
in societal stability is a well-known fact. It is also known that feedbacks and non-
linarites might appear in different ways, as answers to different inputs. This is why this
sub-section provides an approach for thinking about the multidimensionality of the
possible roadmaps, more than simple recipes.

The energy hierarchy of human SESs might have appeared and evolved as a result of
adaptive solutions to emerging problems, as remarked by Tainter (1998). This multi-
level structuration requires an energy input, represented by availability. The possible
pools are, broadly, lower level of the same structure or the biota. In simple words,
availability is constituted by four terms: E, which is the energy that keeps the structure
together; pV, which is work; uN, which is the individual energy accumulation of N
individuals, that constitute the sub-system under study (microstate); TS, which is
associated to dissipation. Three main consequences are derived: (1) We have to
preserve the natural availability; (2) We should avoid the factors, which increase the
human SES instabilities; (3) At the global level, the correlation between increased
wealth and increased energy consumption is very strong and the impact of policies to
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reduce energy demand is both limited and contested. Nonetheless this issue should
be included in the future action plans.

4. Conclusions

The paper, which assesses the basic thermodynamic properties of a human Socio-
Ecological System (SES), analysed the civilization societal evolution and
vulnerabilities, given its main energy features. There is evidence that the costs for
maintaining the energy structure of a human SES are payed by the lower levels (i.e.:
the components) of the society and by the biota (i.e.: flora, fauna and the environment).
In particular, the increasing level of energy demand is forcing human SESs to move
toward undesirable tipping points, which are well described within the planetary
boundary framework. In order to avoid such an unwished transition, a multi-
dimensional approach should be adopted. The redistribution of energy demand, the
economic implications, the preservation of the natural biota and of biodiversity should
be focal points for developing and adopting future policy roadmaps. Further
investigations are also necessary, in order to better understand the energy dynamics
associated to human SES structure for reducing the potential risk of a future societal
collapse.

While a general description of energy-related properties for human societies at
different levels is assessed, it is still difficult to define a general equation for describing
its dynamics, due to the high number of terms involved. Among them, feedbacks and
non-linearity should be accounted. Another point. Energy pressures on the
environment must be determined at different spatial scales. This is already possible,
using different indicators, such as energy footprint (e.g.: Fang et al., 2014; Jones et al.,
2015; Lan et al., 2016). Moreover, integrating the data derived from human SES energy
structure and its footprint, a better planning tool would become available for policy-
makers and public managers. Such an instrument would become very useful, starting
from the city level, considering the continuous growth of urban population around the
world. Finally, as previously remarked, the influence of human SESs on the natural
biota and the preservation of biodiversity are crucial for guaranteeing the preservation
of life on our planet. Thus, the interaction among human and non-human energy
hierarchies should be better understood and integrated.
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Abstract: The terrestrial transport sector delivers more than 85% of passengers and
commodities in China, due to the large size of the country and its web-like economy,
with huge exchange of resources among different provinces. The transport sector
operations mainly rely on the support of infrastructure, vehicles, energy and labor.
Former studies mainly focused on the energy consumption or emissions of the transport
sector, which only displays part of the picture. In this paper we expand the scope of the
investigation, by pointing out the amount, the quality and the distribution of resource use
among the different transportation modalities at the level of the entire country. Three
different assessment methods are compared, monetary, energy and emergy assessments.
We found that the private car accounts for the largest share of the total cost of China
terrestrial transportation and has much higher unit cost from monetary, cumulative energy
and emergy points of view, which indicates the need to encourage the population to shift
to public transport modalities characterized by much better performances. In fact, the unit
operative costs of the private car are generally higher than any other modality, in so
showing the lowest input-output and environmental efficiency. As a consequence,
improvement of energy and environmental efficiency in individual transport modalities
remains a priority. The ranking of most efficient transport modalities depends, as
expected, on the evaluation method applied. From a monetary perspective, the most
efficient passenger transport modalities are the regular train followed by the high-speed
train. In terms of cumulative energy demand, regular train and subway have the lowest
unit cost among all passenger transport modes. When it comes to the emergy
(environmental support demand), the urban bus for passengers and the regular train for
commodity transport show the best performance per unit service. Promotion of above
modalities according to different purposes could improve the global efficiency and offer
better and larger transport options with the same resource investment.

Keywords: transport efficiency; emergy; cumulative energy demand; monetary cost
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1. Introduction
The transport sector in China is rapidly growing with the economics development.

Specifically, the volume of the freight transport increased from 4445.2 billion ton-km in
2000 to about 17377.1 billion ton-km in 2012 and that of the passenger transport rose
from 587.8 to 3338.3 billion passenger-km over the same period. The average annual
growth rate was 22% and 36% for freight and passenger transport, respectively. In 2012,
84.71% and 52.89% of the total transport volume of the passenger and freight transport
were delivered by the terrestrial transport because of the vast inner land area of China and
relatively limited possibilities for sea transport implementation. Hence, a comprehensive
and proper understanding of the terrestrial transport could be a prerequisite for the policy
making and sustainable development of the transport sector.

Concerning the literature focusing on the transport sector in China, most existing
studies only offer a partial picture. To be more specifically, (Liu et al., 2015) explore the
energy consumption and CO, emissions by the passenger transport in Beijing. (Xu and
Lin, 2015a) examine the carbon dioxide emission reduction of China’s freight transport
via vector autoregression model. (Hao et al., 2015) estimate and predict the energy
consumption and greenhouse emissions by the Chinese freight transport through the year
2050. (Li et al., 2016) assess the impact of the integrated transport system in China as a
function of monetary investment. (Xu and Lin, 2015b) identify the nonlinear relationship
between the influential factors (per capita GDP, energy intensity, urbanization level,
cargo turnover and private vehicle inventory) of the carbon dioxide emissions of Chinese
transport. (Duan et al., 2015) quantify the carbon emissions of the transport sector in
China by means of a streamlined life cycle assessment. (Gambhir et al., 2015) evaluate
the technologies and the cost of the potential reduction of carbon dioxide in the Chinese
road transport sector. (Ling-Yun and Qiu, 2016) estimate the relationship between the
transport harmful emissions, the environment and human health in China. (Guo et al.,
2014) identify the transport carbon dioxide emission patterns at regional level in China.
(Peng et al., 2015) uncover the energy saving and emission reduction potential of the
passenger transport in Tianjin. It is evident that most of the research results about
Chinese transport sector pay large attention to emissions and energy consumption, while

other indirect aspects such as quality and environmental cost of resource use as well as
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labor intensiveness and monetary costs are not sufficiently addressed. Of course, focusing
on energy is of paramount importance for the transport sector. However, infrastructure,
vehicles and drivers are also important factors to operate the transport sector and all these
factors should be involved into the evaluation of the resource demand and sustainability
of the transport sector.

We investigate the energy, monetary and environmental costs in support to the
terrestrial transport sector in china. In order to do so, we have categorized the terrestrial
transport sector into 9 modalities, namely private car, taxi, urban bus, long distance bus,
subway, regular train for passengers, high-speed trains, trucks and regular trains for
freight transport. Monetary assessment involves total cost investment for infrastructure,
vehicles, energy and labor, while energy evaluation considers the direct and indirect
commercial energy consumption associated with the construction of the infrastructure
and vehicles as well as the energy used to drive vehicles. Furthermore, we also
implement the emergy accounting approach, which considers the direct and indirect
environment support to the production and operation processes related with the transport
sector at the larger scale of the biosphere. These three evaluations focus on different
characteristics of the transport sector (e.g., expensive technology, energy and labor
intensity, need for infrastructures, resource replacement time) and could be used for
different purpose oriented policy making. Expected results are both to ascertain the
monetary, energy and environmental costs per unit of transport service provided and the
total costs of each modality at the level of the entire country. Moreover, the most
demanding and expensive input flows are investigated, in order to suggest targeted

improvements.

2. Methods

This paper compares the terrestrial transport modalities in China in terms of
monetary cost and energy depletion as well as of demand for environmental support in

2012, per unit of passengers and freight transported.

2.1 The terrestrial transport system in China
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The terrestrial transport system is mainly composed by the road system, subway and
railway systems. For the road system, we categorized it into different sub-modalities
according to the transport purposes, namely private cars, taxi, urban buses and long
distance buses, for passengers, and trucks for freight. Subway is a special sub-category,
in that it only serves urban passengers as an alternative to road transport. Regular trains
(electric and diesel) serve both passenger and freight transport, while high-speed trains
are mainly used for passengers. Each transportation modality includes three main steps:

a) Construction and maintenance of infrastructures (road, railway, bridge and
tunnels);

b) Construction of vehicles (cars, urban buses, long distance buses, subway trains,
regular and high speed trains, trucks);

¢) Operation phase (annual flows of energy, labor and services).

The basic data set of all modalities were collected from the statistic yearbooks, from
published official government reports and from studies carried out by international
Institutions, such as the World Bank. It is quite obvious that the road system takes the
dominant role in the terrestrial transportation sector in terms of the length of the
infrastructure and the service supported. The total length of the road system in China is
4.24E+06 km; in the railway system, the regular railway is 9.67E+05 km and the
high-speed railway is 1.01E+04 km. The road system transported 5.76E+12 P-km in 2012
that accounts for 84% of total transport service by all terrestrial transport modalities,
while the railway and subway systems transport 14% and 2% of the total transport service,
respectively. Among the road transport modalities, private cars and long distance buses
are the two most important ones and respectively provide a transport service around

3.01E+12 p-km (44% of the total) and 1.85E+12 p-km (27% to the total).

Table 1. The infrastructure, vehicles and services supporting the terrestrial transportation (2012)

Item Amount Unit

Infrastructure

Road system

Extra urban road

Length 4.24E+09 m
Area 3.69E+10 m’

Internal urban road
Length 3.11E+06 m
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Area 7.50E+10 m?

Train system

Regular railway 9.67E+08 m
High-speed railway 1.01E+07 m
Subway
Railway 2.06E+06 m
Vebhicles
Road system
Private cars (No.) 8.84E+07
Urban buses (No.) 4.19E+05
Taxi (No.) 1.03E+06
Long distance buses (No.) 8.67E+05
Trucks (No.) 1.25E+07

Train system

Regular train (for passengers)

Coaches (No.) 5.58E+04
Locomotives (No.) 3.25E+03
Regular train (for freight)
Coaches (No.) 6.64E+05
Locomotives (No.) 1.64E+04
High-speed train (No.) 1.05E+03
Subway
Trains (No.) 1.26E+04
Transportation service provided
Road system
Private cars 3.01E+12 p-km
Urban buses 7.01E+11 p-km
Taxi 2.10E+11 p-km
Long distance buses 1.85E+12 p-km
Trucks 5.95E+12 ton-km
Train system
Regular train (passenger) 5.35E+11 p-km
Regular train (freight) 2.69E+12 ton-km
High-speed train 4.43E+11 p-km
Subway trains 1.15E+11 P-km

2.1 Accounting methods
We treated each transport modality as an independent system (disregarding, as

comparatively negligible, the specific infrastructures that connect each modality to the
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others) and firstly carried out a thorough inventory of all the input flows on the local
scale (foreground data). It is important to underline that this inventory forms the common
basis for all subsequent assessments, namely monetary cost accounting, gross energy
requirement and emergy accounting, which are carried out in parallel, thus ensuring the
maximum consistency of the input data and inherent assumptions.

The raw amounts of input flows from the inventory phase are multiplied by suitable
conversion coefficients specific of each method applied, which express the “intensity” of
the flow, i.e. quantify to what extent a monetary, energy, or environmental cost is directly
or indirectly associated to background flows over its whole life cycle. Such coefficients
are available in published statistic yearbooks, energy and environmental accounting
literature (emergy, LCA). In so doing, the background monetary, energy, and
environmental “costs” associated to each flow as well as to the entire process are

calculated, according to the following generic equation:
C=YC=Y fxc i=l--n, (1)

where C = monetary, energy or environmental cost associated to the investigated process;
C; = monetary, energy or environmental cost associated to the i-th inflow of matter or
energy; f; = raw amount of the -ith flow of matter or energy; c¢; = moneraty, energy or
environmental unit cost coefficient of the i-th flow (from literature or calculated in this
work).

In order to carry out a reliable comparison of the different modalities, we referred all
costs and impacts to one person or 1 tonne of commodity transported over one km, i.e. to
functional units typical of transportation systems. The choice of such a functional unit
seems the only one that allows a fair comparison of so different transportation modalities
by means of so different evaluation methods. In so doing, the comparison can be drawn
independently on the distance as well as on the actual volume of people transported. We
therefore calculated the average demand for resources and environmental support related
to such p-km and t-km functional units. By means of a whole-system approach, we were
able to calculate and compare the monetary and energy depletion required as well as the
environmental impact generated per functional unit of each analysed transport system,
taking into account all the system’s steps and components, not just the specific

performance of individual vehicles, out of their operational context.
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3. Results

Tables 3-5 provide monetary, energy and emergy values of input flows supporting
selected investigated modalities. Due to the limit space we just display the evaluation
results for private cars, regular trains and high-speed trains for passenger transport. The

evaluation for other modalities could be found in the Appendix.

3.1 Monetary results.

Concerning the unit monetary cost (cost of p-km or ton-km), the taxi and private car
rank in the topping places among all 9 modalities and cost 0.85Yuan/p-km and 0.79
Yuan/p-km, respectively (see table 1 and Appendix table Al). Meanwhile, the lowest unit
cost is achieve by the regular trains (0.04 Yuan/p-km) and the high-speed train (0.07
Yuan/p-km) for passengers, The unit cost of the private car and taxi are double of that of
trucks and even greater than other modalities, which means the same amount of the
monetary investment in different modalities will offer different volume of services. For
instance, the service offered by each modality could be various with the same amount
investment. Specifically, the private car and regular train will offer 126.8 p-km and 2500
p-km with 100 Yuan investment, respectively.

To increase the efficiency from the point of view of monetary cost, road
construction technology improvement is needed, capable to expand the life span of the

road.

Table 2. Monetary evaluation of private cars, regular train and high-speed trains (passengers) transport in
China (2012).

Note [tem Private car Regu?;:(:lrl:llitn High-speed train Unitiyr
1 Oil derived fuels 6.03E+11 3.79E+09 Yuan
la Without tax ~ 3.24E+11 2.04E+09 Yuan
1b Tax  2.78E+11 1.75E+09 Yuan
2 Natural gas/electricity 5.07E+09 2.15E+09 7.67E+09 Yuan
2a Without tax ~ 4.10E+09 1.78E+09 6.36E+09 Yuan
2b Tax  9.62E+08 3.65E+08 1.30E+09 Yuan
3 Infrastructure 1.03E+12 1.19E+10 1.19E+10 Yuan
4 Vehicles 1.33E+11 1.31E+09 6.72E+09 Yuan
Without tax ~ 9.94E+10 Yuan
Tax  3.31E+10 Yuan
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5 Drivers labor S5.97E+11 1.64E+09 6.65E+09 Yuan

Total with tax ~ 2.36E+12 1.91E+10 3.30E+10 Yuan

Total without tax  2.05E+12 1.67E+10 3.17E+10 Yuan

Total transportation service provided 3.01E+12 5.35E+11 4.43E+11 P-km
Cost of unit of service with tax 0.79 0.04 0.07 Yuan/p-km
Cost of unit of service without tax 0.68 0.03 0.07 Yuan/p-km

Percentage of each modality of the

0,
total monetary cost 4087 033 0.57 &

3.2 Energy results.

Private cars and trucks consume 66% of total 1.24E+13 MJ cumulative energy of all
modalities, which means that these two modalities play a dominant role in the energy
depletion and must be monitored for much needed improvement. The cumulative energy
consumption structure is not the same for all modalities and could be categorized into two
groups. The first group including regular trains for passengers and freight of which the
cumulative energy of the supporting infrastructure is around 65% and 76%, respectively.
In the second group (including all the remaining modalities), the largest fraction of the
total cumulative energy consumption is the fuel and electricity used to drive vehicles and
accounts between 74% to 84% of the total.

Come to the cumulative energy consumption per service, taxi and the private car
consume 2.06E+10 Mj and 1.74 E+10 Mj to transport 1 p-km, respectively and are much
higher than other modalities. The cumulative energy consumption of taxi is higher than
the private car is mainly due to that the taxi offers less service than the private car. Hence,
an easier approach to improve the energy efficiency for the taxi modality is to shift the
private car drivers and passengers to the taxi. In contrast, subway and the high speed train
just cost 0.21 E+10 Mj and 0.47 E+10 Mj direct and indirect energy to offer one unit of
service, which means that the subway and high speed trains are the most efficient
modalities among all terrestrial modalities and they could offer more service with given
energy consumption.

Table 3. Cumulative Energy Demand evaluation of private car, regular train and high-speed train (passenger) transport in
China (2012).

Raw Amount Energy (E+10 MJ/yr)
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Energy

Private Regular train High-speed intensity | Private Regular train High-speed

Note Item car (Passengers) train Unit/yr (MJ/unit)| car (Passengers) train
1

FUELS

1 Oil derived fuel 8.11E+13  S5.80E+11 g 5.40E-02 4.38E+02 3.13E+00

2 Natural gas 1.44E+12 g 1.20E-01 1.73E+01

3 Electricity 3.58E+09 1.28E+10 kwh  1.50E+01 5.37E+00 1.92E+01
VEHICLES

3 Vehicles 7.64E+12  2.16E+11 2.78E+13 g 6.93E-02 5.29E+01  4.70E+00 2.34E-01

4 Locomotives 2.12E+11 2.11E+00
INFRASTRUCTURE

4 Road/Railway 1.14E+15  9.38E+13 1.20E+12 1.20E-04 1.38E+01 2.41E+01 1.23E+00
Total transportation service provided 3.01E+12  5.35E+11 4.43E+11 P-km
Total energy 5.22E+02  3.74E+01 2.06E+01 MI
Cumulative energy per service 1.74 0.70 0.47 MJ/p-km

3.3 Emergy results.

Table 4 displays the emergy evaluation results of the private car, regular train and
high-speed train (other modalities in the Appendix). The total emergy with labor and
service used by the terrestrial transport modality is 6.42E+24 sej/yr, of which private cars
and trucks account 72% (36% for each). For the dominant modalities of private cars and
trucks, the emergy of the labor and service reach 77% and 79%, which means that these
two modalities are labor intensive. Therefore, the development of the trucks transport
could offer more jobs; the labor and time used by driving private car actually do not be
paid and if transport these private drivers could save more time to relax and work. We
also consider the total emergy without the labor and service that could display the
demand of the natural resource of the transport sector. The total emergy without the labor
and service of all modalities is 1.82E+24 sej/yr. The private car and the truck are still the
dominant modalities and account 29% and 26%.

The emergy used by per service reflect the efficiency of using the resource and labor
of each modality, the private car and taxi has the highest UEV per service among all
passenger transport modalities and reach 7.65E+11 sej/p-km and 7.47E+11 sej/p-km,
respectively. For the commodity transport, the trucks modality need 3.36E+11 sej/ton-km

and is at least twice higher than the regular train.

1 The energy density of the vehicles and infrastructure is materials, weighted average energy density
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Table 4. Emergy evaluation of private car, regular train and high-speed train (passenger) transport in China
(2012).

Note Item Raw Amount UEV S(olf;rs'i;‘/ey:g)y
1 Unit/yr| (sej/unit)
*)

Private Regular High-spee: Private Regular High-speed

car train  d train car train train
RENEWABLE RESOURCES:
1 Sunlight 2.43E+20 8.29E+20 5.22E+16 J 1 2.43E+02  8.29E+02 5.22E+01
2 Rain 8.04E+14 2.74E+15 1.73E+11 J 2.13E+04 1.71E+01 5.84E+01 3.68E+00
3 Wind 5.42E+17 1.85E+18 1.17E+14 J 1.00E+03 5.42E+02 1.85E+03 1.17E+02
4 Geothermal heat 1.34E+17 4.57E+17 2.88E+13 J 4.90E+03 6.56E+02  2.24E+03 1.41E+02
FUELS
5 Oil derived fuel used ]
by private cars 3.65E+18 2.67E+14 1.32E+05 4.82E+05 5.79E+09
6 Natural gas used by J
private cars 2.01E+17 1.40E+05
7 Electricity 1.29E+17 4.60E+17 J 2.82E+04 3.54E+05 1.63E+08
VEHICLES
7 Vehicle 7.64E+12 2.16E+11 2.78E+10 g 1.92E+09 1.47E+04 241E+03  38.39E+04
8 Locomotives 6.27E+09 g 1.68E+02
INFRASTRUCTURE
9 Roads system 1.14E+15 1.38E+05 1.19E+12 g 3.24E+03 5.79E+09  21.83E+03
LABOUR & SERVICE
10 Services  for  oil
derived fuels 6.03E+11 3.79E+09 Yuan 8.61E+11 5.19E+05 3.27E+03
10a without tax 3.24E+11 2.04E+09 Yuan 8.61E+11 2.79E+05 1.76E+03
10b tax 2.78E+11 1.75E+09 Yuan 8.61E+11 2.40E+05 1.51E+03
Services for natural
11 gas/electricity 5.07E+09 2.15E+09 7.67E+09  Yuan 8.61E+11 4.36E+03 1.85E+03 6.60E+03
Ila without tax 4.10E+09 1.78E+09 6.36E+09  Yuan 8.61E+11 3.53E+03 1.54E+03 5.48E+03
11b tax 9.62E+08 3.65E+08 1.30E+09  Yuan 8.61E+11 8.29E+02 3.14E+02 1.12E+03
11 Services for roads 1.03E+12 1.19E+10 1.19E+10  Yuan 8.61E+11 8.83E+05 1.03E+04 1.03E+04
12 Services for vehicle 1.33E+11 1.31E+09 6.72E+09  Yuan 8.61E+11 1.14E+05 1.13E+03 5.79E+03
without tax 9.94E+10 Yuan 8.61E+11 8.56E+04
tax 3.31E+10 YUAN 8.61E+11 2.85E+04
13 person-y
Drivers labor 1.12E+07 3.08E+04 1.25E+05 r 2.21E+16 2.47E+05 6.80E+02 2.75E+03

Total transportation service

provided 3.01E+12 5.35E+11 4.43E+11  p-km

Total emergy (with L&S) 2.30E+06  3.47E+05 1.63E+08
Total emergy (without L&S) 5.30E+05 3.30E+05 1.63E+08
Total emergy (without tax) 2.03E+06  3.42E+05 1.63E+08
UEYV of transportation service (sej/p-km), with L&S 7.65E+11 6.48E+11 3.68E+11
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UEYV of transportation service (sej/p-km), without L&S 1.76E+11  6.16E+11 3.68E+11
UEYV of transportation service (sej/p-km), without labor of drivers 6.82E+11 6.47E+11 3.68E+11
UEYV of transportation service (sej/p-km), without tax 6.75E+11  6.39E+11 3.68E+11

5. Conclusions

Previous studies about the transport sector in China only mainly focus on the
regional greenhouse emissions or single transportation type (passenger or freight), which
is difficult to display in a comprehensive picture. Thus, we implemented the monetary,
energy and emergy evaluations of the terrestrial passenger and freight transport in China
in the year 2012 in order to achieve a deeper understanding of the Chinese transport
sector at the national level.

Monetary and energy evaluations display a specific aspect of the transport sector,
while emergy accounting involve the social and environmental perspective compact. The
evaluation results and ranking of the modalities are different for different methods. The
monetary and energy results are more similar, which means the policy try to lower the
economical cost also could improve the energy efficiency. The emergy results prove that
the transport sector operation need more than energy, vehicles and infrastructure. Labor
and service are also necessary components for transport. Specifically, the labor intensive
feature of public transportation will help to create more jobs, while limitation of private
car could save more time for the driver to more productive activities. Thus, it is important

to choose propitiate evaluation method due to the purpose.
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Abstract

Reducing poverty and increasing energy access for the poor have been a priority for institutions such
as the World Bank and United Nations. Residential energy poverty can be defined as a condition
where households cannot afford energy to a necessary level for homes. Eastern Europe is not often
considered in this context. Public policy regarding energy supply in Europe, especially Eastern
Europe, has many ramifications as international relations with Russia, one of the main suppliers of
energy to Eastern Europe, worsen. However, since the end of Communist regimes, there have been
many energy, housing, economic, and social reforms that have had implications for energy poverty. In
particular, the liberalization of energy markets in Eastern Europe have led to energy poverty. For
example, high energy prices, poor building insulation, and lack of access in certain parts of Romania
combined with income poverty have created energy poverty for many Romanians. This paper provides
an examination of energy poverty in Romania. Empirical data is offered to connect household energy
poverty to the type of household.

1. Introduction

Energy poverty is one of the biggest issues facing the world today and a priority for
institutions such as the World Bank and the United Nations. “Eradicating poverty is
the greatest global challenge facing the world today and an indispensable
requirement for sustainable development, particularly for developing countries ...
This would include actions at all levels to: (provide)... The access of the poor to
reliable, affordable, economically viable, socially acceptable and environmentally
sound energy services (World Summit for sustainable development, Johannesburg, 4
September 2002). Energy poverty is defined in this paper as a condition where an
individual or a household are not able to afford to adequately meet their required
energy needs. There is an expanding body of evidence suggesting that energy
poverty is an escalating problem in Eastern Europe, due to the specific social and
physical conditions that exist there, such as cold climates, the liberalization of energy
prices, and the reliance on foreign sources for their energy supplies, for example,
Russia (Lampietti and Meyer, 2003; Buzar, 2007). Furthermore, income in many of
these countries, especially Romania, have been flat or decreasing up until mid-2016.
Due to this stagnant income and increasing energy prices, many households had no
option other than to reduce their energy purchases.

The former socialist countries in Eastern Europe were known to place a major
emphasis on energy security and developing new sources for supply (Gray, 1995).
As a result, Eastern European economies became excessive energy consumers,
heavily reliant on carbon-based fuels; an energy intensity problem - a low value on
energy and other natural resources leading to their overconsumption (Gray, 1995).
Further exasperating the problem, the centrally-planned economies treated housing
and heating as goods and services which were meant to be accessible for all.
Therefore, housing, public transportation fees, and energy were heavily subsidized
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(Duke and Grime, 1997). Consequently, consumers had no relationship with the true
cost of energy. In fact, consumers were given misleading information about the costs
which led to the misallocation of resources (McAuley, 1991).

Making matters worse, the vast majority of urban households in the communist
Eastern European countries had direct heating. According to Buzar (2007) the
centrally located combined heat and power or heat only boiler plants typically burn
coal or fuel oil in order to produce hot water usually for space heating and direct
household use. The hot water was transported through pipelines to substations
where it was distributed to collective or individual buildings. The direct heating pipes
and apartment buildings were vertical requiring radiators in rooms that were on top of
each other to be supplied by the same pipe. Therefore, radiators in different rooms
were connected to different types making it very difficult to measure energy
consumption at the household level, especially since meters were often not used. As
a result, room temperatures were often too low or too high, causing windows to be
open to cool over heated rooms leading to losses of heat. Internal and external
corrosion of pipes and lack of adequate insulation or any insulation at all contributed
to additional efficiency problems. Additionally, although direct heating required high
population densities to justify its high capital costs, many of the former communist
Eastern European countries constructed direct heating infrastructure in small towns
and villages.

With the end of communism, the subsidies that existed for energy costs were put
under pressure to be removed. As a result, the privatization or partial privatization of
the energy industry in these countries slowly occurred. The idea was that consumers
would pay the full economic cost of production, distribution and supply of electricity
they consume (Stern and Davis, 1998). However, direct heating systems remained.
Consumers, already complaining that energy costs are too high, have resisted the
reduction in subsidies.

In Romania, direct heating systems still exist in many apartment blocks and, while
subsidies have decreased, they still exist. Here, an individual or household having to
reduce their energy consumption is troublesome as many of these individuals or
households are likely to be pensioners, unemployed, or low income. In times of
extreme heat or cold, this reduction in energy consumption could be life-threatening.
Moreover, as the Romanian economy is still developing, the government has not yet
been able to develop suitable social safety nets to protect these energy poor
individuals or households. The problem is even more complex because of the
connection between social, energy, and housing reforms that have taken place in
Romania since becoming a EU member state (January 1st, 2007).

The vulnerable populations include those with little marketable skills and less
mobility, such as children, the elderly, women, the disabled, some minority groups,
and single parents (Torrey et al., 1999; Cornia et al., 1996). However, there are other
groups that are just as much at risk. For example, young adults who may have just
graduated and are looking for employment, the long-term unemployed, subsistence
or semi-subsistence farmers, and those that live paycheck to paycheck. This last
group, considered the working poor, do not necessarily fit the definition of the
economic poor. These people could have well-paying jobs but may not have the
disposable income after paying for their necessities to afford the energy consumption
they need. For example, a single parent that is employed in considered middle-class
may not have enough disposable income for the required energy consumption after
paying for child care, food, transportation, and shelter. Romania does not have the
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national income necessary to provide social assistance benefits to the households
that need.

Unlike income poverty which can be defined as having a lack of financial resources,
energy poverty is much more intricate. Energy poverty can be related to poverty, but
does not have to be. Energy poverty can be related to domestic energy efficiency but
does not have to be. Energy poverty can be related to political circumstances but
does not have to be. As a result, energy poverty is very difficult to define due to its
complexity. In developing countries, the search for energy is a continuous battle
(Sovacool, 2014). However, those in developed countries are not immune to the
problem of energy poverty either.

This paper examines the issue of energy poverty for Romania after joining the EU
(2007 to 2015). In the 10 to 15 years following the Revolution in Romania,
unemployment soared, income inequality grew, and few economic and social
indicators remained unaffected (Fajth, 1999: 417). The last decade or so, has seen a
stabilization of economic and social indicators in Romania resulting in economic
growth. However, energy poverty persists. The next section briefly explores the
literature on energy poverty. Section 3 describes the data and provide the results.
Section 4 concludes the paper.

2. Review of literature

Revelle (1976), Krugman and Goldemberg (1983), and Goldemberg et al. (1985,
1987) were among the first to examine energy poverty. In particular they sought to
estimate basic energy needs. Pasternak (2000) showed that there is a strong
relationship between human well-being and consumption of energy and electricity. A
positive correlation between the human development index (HDI) and annual per
capita electricity consumption for 60 countries accounting for 90% of the world’s
population was found. He also found that HDI is maximized when electricity
consumption is about 4000 kWh per person per year.

Pachauri et al. (2004) then examined different approaches for measuring energy
poverty by using Indian household level data. They found a positive relationship
between well-being and consumption of clean and efficient energy. Catherine et al.
(2007) explored the efforts by the UK government to eradicate fuel poverty among
vulnerable families by 2010 and for common people by 2016 using the Family
Expenditure Survey. They looked at the characteristics of households in each group
and the interconnectedness with different household issues. Barnes et al. (2010)
examined energy poverty in Bangladesh by exploring the welfare impacts of
household energy use in rural areas. They found that 58% of households in rural
Bangladesh are in energy poverty.

3. Data and Results

The data used for analysis comes from the National Institute of Statistics Romania.
Included in the data are prices for electricity and natural gas, energy consumption by
fuel type, population statistics, and socio-economic data. Furthermore, data such as
households at risk of poverty, income inequality, and caloric intake were obtained.
Lastly, information and statistics on the percentage of households that can afford to
maintain a proper temperature and the percentage of households that could not pay
their electrical and radio bills on time were also in the data set.

The average monthly income, savings, and expenditure share in income for
Romanians are shown in Figures 1-3. This data is important in regards to energy
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poverty because it shows the disposable income that is available to Romanians and
whether or not they have an adequate private safety-net to pay for any unforeseen
expenses or emergencies. Furthermore, this will help illustrate whether or not a
public safety-net is necessary for the Romanian government to create to ensure that
people do not suffer from inadequate consumption of energy.
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Figure 1: Average monthly income per household (lei)
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Figure 3: Share of expenditure in income (%)

Figure 4 illustrates the percentage of households that cannot pay their electrical bill
on time. While by itself it is not a one hundred percent reliable indicator of energy
poverty, this data does provide a gauge as to how many people are vulnerable to
energy poverty. Specifically, this information shows the percentage of households
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that may not be consuming as much energy as they wish to, one definition of energy
poverty.

As one may expect, those that live in rural areas and those that are unemployed
have the highest rates of inability to pay their electrical bills. The unemployed are
unable to pay their electrical bills because they do not have a source of income.
Those living in rural areas in Romania are very susceptible to energy poverty
because many of those individuals are subsistence or semi-subsistence farmers.
These individuals will be captured in the statistic as they would not have much or any
disposable income to pay for their energy needs. However, there are two caveats to
be careful about here. First, individuals in rural areas are very likely to supplement
their energy consumption with energy sources that are off the grid. For example, they
are likely to burn wood. Second, they are likely to be individuals that live in rural
areas that are completely off the grid and who are not captured in the statistic and,
therefore, are energy impoverished.
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Figure 4: Share of households that cannot pay their electrical bill on time (%)

Figure 5 shows what percentage of households can keep the house warm in the cold
season. The direst situation is for unemployed families. As shown, less than seventy
percent of unemployed families can keep their household warm. This potentially has
several implications. First, the lack of heat could cause health issues which can
impact the welfare of the household since family members would not be able to work
or go to school. Second, cold temperatures can impact the ability for any children in
the household to do their schoolwork or concentrate on their studies. Lastly, the lack
of heat could negatively impact the ability of household members to rest adequately,
impacting their lives when they are not sleeping.
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Figure 5: Share of households that can afford to keep an adequate temperature in the house (%)
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One other indicator that should be considered for energy poverty that is not is daily
caloric intake. While this may seem odd, the human body needs energy to function
through metabolic processes, and that energy is obtained from caloric intake. This
approach is more holistic, but we argue necessary because human energy is the
cornerstone for well-being and economic production. Figure 6 shows the average
daily caloric intake for Romanians.
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Figure 6: Average intake of calories from food per person per day

Depending upon which level daily caloric intake, either 2000 calories or 2500
calories, Romanians, in particular farmers, are either barely obtaining their minimum
daily caloric intake, if using the 2000 calories level, or are below the minimum
standard, if using the 2500 calories level.

4. Concluding comments

This paper examines energy poverty from a different perspective. There are many
definitions of energy poverty as has been shown in this paper. However, we have
chosen to take a more holistic approach including traditional indicators of energy
poverty as well as a slightly more controversial indicator in daily caloric intake. Due to
space restrictions, we were unable to discuss in detail many of the issues regarding
energy poverty in Romania but have highlighted some of the more important statistics
in regards to this issue in the country.

Energy poverty is a very important topic for many countries, especially developing
countries such as Romania. Furthermore, the issue of energy poverty in Romania is
of interest due to the liberalization of energy policies within the country making many
citizens vulnerable. Therefore, this paper is important because it calls attention to the
topic of energy poverty in a developing country going through liberalization policies,
highlighting the necessity of safety-nets for economically vulnerable people.
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Abstract

The electric power sector is undergoing fundamental transformations at an unprecedented pace
brought about due to rapid uptake of distributed energy resources or DERs, a two-edged sword which
is eroding utility revenues as increasing number of consumers become prosumers by using less —
through energy efficiency schemes — while producing more of what they consume - through
distributed self-generation. If the cost of storage declines, as expected, prosumers can move a step
further by becoming prosumagers — consuming, producing and storing energy by better management
of when and how energy is used, generated and/or stored. Moreover, promising developments in
machine-to-machine (M2M) communications, open platforms using blockchain encryption allows
prosumers to engage in peer-to-peer (P2P) trading by sharing distributed generation and storage. Add
a new generation of aggregators, integrators and intermediaries will open new opportunities for
consumers, prosumers and prosumagers to become proactive in future energy marketplace both at
retail and wholesale level. This presentation examines how such developments are disrupting the
traditional business model of the incumbents while creating opportunities for new entrants and the
challenging facing the regulators and policymakers. The implications of developments in power sector
are important since an increasing share of global primary energy is diverted to electricity generation.

By now the narrative on the rapid
transformation of the electricity sector
driven by the 3Ds — decentralization,
de-carbonization and digitization —
is well-known. Far less, however, is
known about how this transformation
is going to materialize, when and who
may be the ultimate winners as the
incumbent’s traditional business
models are disrupted. Not surprisingly,
there are as many predictions on the
end game as there are analysts and
experts following the developments.

On the market: Solar tiles to cover exterior of buildings
e T : \
Pi

Writing in a recently published book titled Innovation & Disruption at the Grid’s
Edge, Sioshansi makes the following rather obvious observation: “... innovation and
disruption enabled by new technologies — notably information & communication
technology (ITC) — are transforming the electric power sector at an unprecedented
pace ... allowing a growing number of previously passive consumers to become
active prosumers.”

Prosumer, of course, refers to a consumer who is consuming part of the time and
producing at other times, say a homeowner with rooftop solar panels. He adds,
“These empowered prosumers ... can reduce their dependence on the services
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traditionally delivered by the assets and infrastructure upstream of the meter by
increasing their reliance on distributed energy resources (DERS), which by
definition, are provided, consumed and possibly stored locally.”

Sioshansi, capturing the flavor of contributions of
other scholars, experts and academics to this
compendium, goes on to say: “Add a host of new
intermediaries with sophisticated capabilities
who can aggregate flexible loads and distributed
generation — which can be effectively bid into
wholesale markets — and one can see the power
of aggregation enabled by automated machine-
to-machine (M2M) communication. Advances in
artificial intelligence (Al) are likely to lead to
proliferation of services offered by such
intermediaries who can provide valuable
services to grid operators and distribution
networks while better managing energy
consumption and reducing participants’ energy
service costs.”

Prosumage: Stand-alone solar light
generates & stores energy totally off-grid

He adds, “But innovation and disruptions don’t end there. There is increased interest
in transactive energy and peer-to-peer (P2P) trading facilitated by platforms that
allow consumers, prosumers and prosumagers to better manage their consumption,
distributed generation and storage, and not just internally but with their neighbors and
among their peers. While many regulatory obstacles remain to be resolved, the
distribution network physically connecting the participants is already in place.”

“Bitcoin and Blockchain technologies — among others — offer new opportunities for
such transactions to take place among and between consumers using the existing
distribution network and related infrastructure.”

“Microgrids, another promising emerging technology, offers individual customers
and/or a collection of customers to better manage their consumption, distributed
generation and storage, allowing them to operate independent of, or parallel to, the
super-grid ...”

Elon Musk & Patrick Pouyanne think alike: Integrated electricity services

The implications of such
developments on the
incumbents in the utility
sector are beginning to
be felt and speculated.
But what has been
experienced to date, say
5+ GW of distributed
solar rooftop generation
in California and even
more in Australia, do not




begin to count as even the tip of the iceberg compared to what may follow. As the
consumer, to prosumer to prosumager scenario unfolds, as many expect, the
definition of electricity service and — more important — how it is priced — will
undoubtedly undergo radical transformation.

Viewed in this context, bundled retail tariffs — designed for the one-directional
networks of the past century with passive consumers — which is still prevalent nearly
everywhere in the world, is clearly outdated. Volumetric tariffs no longer capture the
emerging value proposition offered by the grid — which offers connectivity,
balancing services, frequency control, voltage stability and 24/7 reliability most
coveted by increasingly sophisticated prosumers or prosumagers rather than
delivering a large volume of kWhs. This suggests that the power sector is on a path
not unlike that of mobile phone industry, where most users pay a fixed monthly fee
based on a 2-year contract with a network service provider.

While the analogy is not perfect — e.g., currently electrons cannot be delivered
without copper wires — it is clear that mobile phone service is increasingly about
connectivity and access to the network rather than the volume or frequency of calls.
Subscribers choose a provider on the basis of the ubiquity and reliability of its
network access, the strength of the signal, bandwidth and speed. They are rarely
charged on a per-call or per-minute basis. The cost of service is much better
reflected, and collected, through a fixed fee almost regardless of the volume of
service. The same goes for garbage collection and many other services where the
fixed costs account for the overwhelming percentage of cost of service.

Another reason why
electricity service is
moving in  this
direction is the fact
that as the
proportion of
renewable

generation on many
networks increases,
the cost of electrons >
— the commodity THE SKY

Integrate solar into the design from start, rather than as an “add-on” later on

portion of service — ‘ THROUGH
is rapidly falling, OUR PV
eventually TRANSPARENT

approaching  zero, GLASS

occasionally going
negative. The kWhs
are already relatively cheap and getting cheaper over time. Charging based on
volume is outdated and will become unsustainable as a means of covering the cost of
the delivery network.

Moreover, with the advent of zero net energy (ZNE) buildings, the volume of
consumption in many places is flat or falling. The implication is rather clear: tariffs
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based exclusively or primarily on volumetric consumption are unlikely to deliver
sufficient revenues, nor do they make much sense.

Moving towards the inevitable end, however, is not easy for a number of reasons:

. The path and pace forward looks different to different stakeholders who are
often competing with conflicting views and perspectives;

. The incumbents don't like being disrupted and/or becoming irrelevant; and,
most important

. The regulators, who control all aspects of the business in most markets, are

having a difficult time following the rapid technological changes taking place,
let along being in a position to lead or encourage innovation.

This is evident, for example, in the current piecemeal and fragmented treatment of
distributed energy resources (DERs) and net energy metering (NEM) in various
parts of the US. The value and/or the cost of DER resources, poorly understood,
need to be better monetized and reflected in future tariffs, which must increasingly
account for the bi-directional flows of electrons based on time, location and their
value or impact to/on the distribution network.

Consider the following examples:

. A solar rooftop panel feeding a huge surplus — in excess of local
consumption — to the distribution network on a cool, breezy, sunny day is not
adding much value in a place like California, with its famous “Duck Curve;”

. By contrast, an electric vehicle or distributed storage device of any shape,
form or size, taking unneeded excess electrons from the same circuit, and
injecting it back after sunset, is providing a highly valuable service.

Current tariffs and regulations,
with a few exceptions, do not
fully or even partially
recognize, monetize, reward e /\/\ e
or penalize for the vastly 15

different cost/value of such
resources.

Vanishing electricity demand growth: It is contagious

17

The good news is that
regulators in states including
California, Hawaii and New
York — with the latter's
pioneering reforming the M S B s $S S SIS S RN
energy vision (REV) - are ) D
beginning to address how the
changing role of the
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distribution network will redefine the role of stakeholders, including better clarity on
who can do what, when and where and under what types of rules, rewards and
investment recovery.

A number of such issues are covered in Innovation & Disruption at the Grid’s
Edge.

In the book’s Preface, Michael Picker, the President of California Public Utilities
Commission (CPUC), says he has “... chosen to focus actively at the CPUC on
more tangible tasks that can deliver benefits quickly, rather than questioning the
fundamental nature of utility business models,” adding, “The overarching philosophy
| have followed in pursuit of more distributed energy future can be described as
‘Walk, Jog, Run.”

With so much on his plate, so to speak, the measured approach is understandable.
Picker goes on to say, “The vision we (the CPUC) are pursuing is that, over time,
DERs will be able to benefit from ‘stacking” multiple value streams.”

Stacking, of course, refers to
the fact that DERs, depending
on when, where and how they
feed or withdraw from the
network, imply costs or value,
often from multiple sources,
as the examples of the solar
PVs and EVs (above)
described. In this context,
stacking entails improved
monetization of the multiple
benefits of DERs while —
paradoxically -
acknowledging their increased demands on the distribution network — for example,
with high concentrations of PVs and/or EVs on certain distribution circuits.
California’s regulators are already sensitized to the new realities of DERs and other
innovations and disruptions taking place at the so-called grid’s edge referring to the
intersection of the distribution network and customers’ meter and beyond- or behind-
the-meter.

Future is distributed: Apple’s new headquarter is zero net energy

On this, Picker adds: “Targeting DERs to high-value locations also necessitates
development of a tool to highlight areas of the distribution grid where DERs can
provide location-specific values, such as distribution capacity deferral and voltage
support.’

Likewise, in the book’s Introduction, Audrey Zibelman, former Chair of the New
York Public Service Commission and now the CEO of the Australian Energy
Market Operator (AEMO), explains that: “The crux of the utility changes
contemplated in REV (reforming the energy vision) can be summarized into the
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following 5 areas, many of which are touched upon by authors of the [book’s]
following chapters:”

. Creation of a Distributed System Platform (DSP);

. Promotion and encouragement of innovation;

. Regulation of the earnings model;

. System information and transactive markets; and,
. Fair and cost effective universal access.

Two other regulators, Paula Conboy, Chair of Australian Energy Regulator (AER)
and Johannes Mayer, Head of Competition & Regulation at E-Control Austria,
echo similar sentiments in the book’s Foreword and Epilogue, offering perspectives
from Australia and Austria, respectively.

The key question for the incumbents in the Futureis Distributed
business, retailers, distribution companies,

generators and gentailers, is how to survive — 1 Redesign Deploy 2
and hopefully thrive — the transition and the regulatory enabling
disruptions. That is the proverbial $64,000 paradigm infrastructure
question.

The Future of Electricity: New technologies
Transforming the Grid Edge, a report by the
World Economic Forum in collaboration with
Bain & Co. released in March 2017, offers 4
broad recommendations for utilities, network
operators and the regulators in moving forward:

. Redesign regulatory paradigm;

. Deploy enabling infrastructure;

. Redefine customer experience; and
. Embrace new business models.

The challenge is how to implement the sensible words into actionable strategies
given the many moving parts and the complicated and highly unpredictable
regulatory environment in which many utilities operate.

With so many moving parts, uncertainties, and pitfalls, it won’t be easy.

Innovation and disruption at the gird’s edge, published in May 2017 by Academic Press, is further
described at the end of this newsletter including the Table of Contents. Copies may be ordered with
30% discount using Code ENER317, shipping included, at https://www.elsevier.com/books/innovation-
and-disruption-at-the-grid-s-edge/sioshansi/978-0-12-811758-
37?start_rank=1&producttype=books&sortby=sortByRelevance&qg=sioshansi
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In this paper we assess the urban metabolism of the metropolitan area of Lima, the
largest urban agglomeration in Peru, which has recently surpassed 10 million
inhabitants. This coastal megacity, located within the Rimac, Chillén and Lurin
watersheds constitutes the socioeconomic center of the country and is the hub of the
main import and export routes. We use the multi-layer approach proposed by Kennedy
et al. (2014, 2015) to explore material and energy flows in the Peruvian capital for a 10
year timeframe.

Our results show that in 2006 the GDP of the 49 districts that shape the metropolitan
area of Lima was 105.2 billion USD-PPP , while in 2014 it reached about 200 billion USD-
PPP.

Based on this growth, we highlight that energy, electricity and water flows experienced
a linear increase with respect to GDP, being the electricity consumption in years 2006,
2011 and 2014, 7295 GWh, 10,112 GWh, and 11,465 GWh, respectively. Regarding
demographics, population growth ratios of GDP (650%), electricity consumption
(400%), solid waste production (250%), and water (100%) confirm the results of
superlinear scaling found by Kennedy et al (2015) for the other megacities.

Finally, we also compute the increase in greenhouse gas (GHG) emissions following an
important shift in the primary energy sources to produce electricity. The most
important change was linked to the shift from hydropower to natural gas, a trend that
initiated in 2006. For instance, in 2001 79% of the total electricity production came
from hydropower, whereas in 2014 69% was linked to natural gas. This shift produced
an increase of GHG emissions of more than 200% in 2014 when compared to the
electricity generation mix of 2001. Following these results, we strongly encourage
policies for the decarbonization of the electricity production sector, as well as for
mobility infrastructures, e.g. electric public and transport sector, with a progressive shift
towards electric mobility.

102



On the Emergy accounting for the evaluation of road transport
systems: an Italian case study

Silvio Cristiano’ 2*, Francesco Gonella?
" Universita luav di Venezia, Dpt. of Design and Planning in Complex Environments, Venice, Italy
2 Ca’ Foscari University of Venice, Dpt. of Molecular Sciences and Nanosystems, Venice-Mestre, Italy

Corresponding Author e-mail: silvio.cristiano@zoho.eu

Abstract

Road transportation is one of the most polluting as well as energy-intensive sectors, and requires
planning policies capable to address at the same time several different environmental, social, and
economic issues. Cost-benefit analyses are generally carried out with a major focus on fuelling and
driving efficiency, whereas a systemic approach appears to be needed for a more comprehensive
evaluation of the alternatives that may become available to address any issue, be it intended for either
short-term or long-term spans. For instance, building up a new infrastructure might allow for savings in
time or fuel per km, but this may require an equivalent or even higher socio-environmental investment.
In this work, a short review is presented of some systemic studies on transportation that use the emergy
synthesis methodology. A case study is also addressed, concerning recent important expansion works
on the Apennine Mountains section of the Italian major highway A1. In particular, the analysis points out
the role of time saving, since for a new or renewed transport infrastructure (and when comparing for
example road to rail transport) saved time is likely to become crucial in justifying civil enterprises.
Nevertheless, the present emergy synthesis and the teaching of H.T. Odum (Odum & Odum, 2001)
warn us that such “luxury” highly depends on the abundance of available energy, which is less and less
given for granted, whereas a systemic analysis approach may indicate different levels of criticality when
oriented towards environmental and well-being issues.

1. Road transport: which approaches for a problematic sector?

The increasing energy demand and the polluting, climate change related emissions
are widely considered among the main environmental issues for the XXI Century. In
this framework, the transportation sector plays a primary role both in energy use and
in pollutant emissions. In 2015, transports accounted for over 28% of the total energy
use in the United States of America, and for the 70% of the country total petroleum
consumption (equivalent to almost 15% of the world petroleum consumption in 2014),
with more than 80% of the U.S. transportation energy use coming from highway
vehicles (Davis et al., 2016). In 2015, highway vehicles were responsible for the 39%
of the total carbon monoxide (CO) emissions and for the 36% of the nitrogen oxides
(NOx) released in the U.S. (EPA, 2016). Although at a smaller scale, percentages in
Italy appear even more dramatic: in 2014, over 39% of the national total energy use
was related to the transportation sector (MISE, 2015), with on-road vehicles being
responsible for the 23% of the total CO emissions and for the 50% of the total NOx
emissions (ISPRA, 2016). But whilst the problem is quite clearly addressed, the
strategies for its overcoming are not. Facing transportation issues requires planning
policies capable to address at the same time several different environmental, social,
and economic aspects. Cost-benefit analyses' are generally carried out with a major
focus on fuelling and driving efficiency, whereas a systemic approach and the

'https://www.fhwa.dot.gov/planning/processes/tools/toolbox/methodologies/costbenefit_overview.cfm
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enlargement of the analytical boundaries appears to be needed? for a more
comprehensive evaluation of the alternatives that may become available to address
any issue, be it intended for either short-term or long-term spans. For instance, building
up a new infrastructure might allow for savings in time or fuel per kilometre, but this
may require an equivalent or even higher socio-environmental investment, which is
hardly measurable by money — or at least quite indirectly. Emergy accounting (Odum,
1996) offers a great opportunity to account for environmental and labour/services costs
and benefits at the same time, while addressing systemic interconnections and
hierarchies. The limited available literature on emergy accounting applied to
transportation has been reviewed, as described in Section 3. Emergy accounting is
applied to an ltalian case study, as illustrated in a forthcoming extended study
(Cristiano, Gonella, & Ulgiati). Besides a short presentation of the state-of-the-art of
the topic, this work discusses on how to frame the societal “value” and the socio-
environmental “cost” of saved time in Odum and Odum’s reasoning on a prosperous
way down (2001) perspective.

2. Emergy accounting in a nutshell

In recent years, starting from the three pillars of sustainability (environmental, social
and economic), the search for comprehensive integrated indicators of sustainability
has been developing following various different approaches. What is needed to fully
understand a system performance is an integrated approach capable to evaluate a
process from two complementary points of view at the same time, namely, a “user-
side” assessment that looks at final efficiency indicators (energy delivered per unit of
energy input, emissions per unit of energy, and so on) along with a “donor-side”
framework, that considers the work done by the supporting ecosystemic and
social/productive environment in providing resources.

The term “EMERGY” is derived from the expression “EMbodied enERGY”. The
foundations of emergy analysis are the main scientific output of the work by Howard T.
Odum (Odum, 1996; 2000; Odum & Brown, 2007). Starting in the 1970’s, Odum
structured and applied the emergy analysis over a surprisingly wide range of systems
(see Brown & Ulgiati, 2004) within several disciplines, among which complexity
science, ecology, economics, informatics, geo-bio-physics, sociology and so on. The
emergy, defined as the available energy of one kind that is used up in transformations
directly and indirectly to make a product or service (Odum 1996), may be regarded as
a sort of “memory” of what has been invested, in terms of energy involved either directly
or indirectly, to realise something. Emergy represents the common unit (defined along
with a proper algebra) for accounting at the same time all the quantities, flows and
processes that concur in defining the system at issue. The unit of emegy is the solar
emjoule,in the case of solar energy reference. The emergy of a resource will include
all the upstream and downstream contributions provided by both the environment and
the anthropic activities necessary to maintain that resource. The emergy approach
takes quantitatively into account within the same unit all the flows, namely, matter,
energy, information and money, so putting into the same technical-scientific analysis
also quantities not computable in terms of money or energy units, that are therefore
typically neglected in economic or energetic analyses.

The general methodology for the emergy analysis of a system is typically organised in

? http://bca.transportationeconomics.org/published-guidance-and-references
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the fundamental steps:

1. Build up of an emergetic diagram of the system;

2. Preparation of an inventory table for the flows;

3. Determination of the corresponding emergy values;

4. Calculation of suitable emergetic indicators for the analysis interpretation.

The elements of the emergy diagrams are mutuated from the formal and graphical
language used by engineers for energy networks (Odum, 1996). Starting from the
emergetic diagram, all data for the respective flows are converted in emergy units by
means of their respective Unit Emergy Values (UEVs), which are given by the emergy
required to generate an output unit, be it made of mass, energy, labour, money, and
so on, independently of the renewability of inputs.

3. On the prosperous way down

The Prosperous Way Down outlined by the Odums frames a possible scenario for the
future of the humanity, where the depletion of nonrenewable fossil energy sources may
lead to a society living on fewer resources but at the same time that may be prosperous
as well. To pursue this, human activities should follow an epistemological picture based
on a donor-side perspective, like that substantiated by the emergy analysis, that may
indicate in a scientific manner how to try modifying the economy and keeping the
environment prosperous as resources become more and more limited. Odum pointed
out several features of modern society that must undergo a profound change, among
which the transport sector plays a role in as much it is related to several human
activities of a global society that produces and consumes as much fossil fuels as
possible, mostly for private interests strongly intertwined with global politics. Among
the indications for a prosperous way down, some are of particular interest for the topic
at issue (Odum & Odum, 2006), namely:

e Decrease in urban concentration, based on the fact that the concentration of
economic enterprises and people in cities is ultimately based on the availability
of inexpensive fuels.

e Re-shaping of the automobile culture, by reducing the number of cars as well
as unnecessary horsepower.

¢ Communication replacing transportation, whenever an activity does not require
physical displacement of matter.

All of these aspects require that the whole economy re-shapes its basic postulates
concerning the use of fossil fuels, still allowed and promoted at the global level despite
any environmental concern. In this sense, a bottom-up approach may regard the local
level, and so the analysis presented in this contribution.

4. Emergy accounting and transportation

The literature reporting emergy accounting approaches for road transportation systems
is quite limited. Roudebush (1996) focused on the comparison between the different
costs and impacts of concrete versus asphalt road pavements; Brown & Vivas (2005)
tangentially addressed transportation infrastructures while incorportating roads
(specifically, their empower density) in the calculation of the Landscape Development
Intensity index of a given territory; Reza et al. first used paved roads as a case study
to investigate the uncertainties in emergy accounting (2013), and then adopted an
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emergy-based Life Cycle Assessment to compare two road scenarios (2014).
Comparisons among road and other transportation systems (mainly railways) have
been proposed by Federici et al. (2003; 2005; 2008; 2009) and by Threadcraft (2014).

5. An ltalian case study

The case study at issue consists of a recent important deviation and expansion on the
Apennine Mountains section of the Italian major highway A1, the so called “A1 var”
section, opened to public in December 2015. The works lasted over ten years and
costed 7 billion euros®, with the expected benefits of saving travel time and fuel
consumption due to the increased capacity and the higher quality of the service. Two
independent studies were carried out (Cristiano, 2012, 2016) for an adjacent section,
involved in the same broad deviation and expansion programme as the “A1 var” one,
without finding significant savings in terms of pollution per unit of service (i.e., g/lkm per
vehicle) nor hints of major improvements in terms of fuel consumption — although these
studies only investigated indirect information such as the opening of the throttle valve.
In the study at issue, expected benefits after the renovation works are verified and
compared with the socio-environmental inputs required for construction in terms of
emergy. Figure 1 reports the essential scheme which the analysis has been based on.

Limited (decreasing)

geo-biophysical stock

(nonrenewables, minerals,
available land, etc.)

Well-being

Constr.
& maint.

Pax & freight
transportation

Support arca

Fig. 1: Conceptual scheme for the analysis

3 http://www.rainews.it/dl/rainews/articoli/Apertura-della-Variante-di-valico-Renzi-Grande-emozione-

non-ci-credeva-piu-nessuno-f60702bf-3008-455d-93d1-04db0b1df461.html
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Some improvements are addressed for our case study, also in light of recent advances
in emergy accounting research. Compared to the works by Federici et al. (2003, 2005,
2008, 2009), the services provided for free by nature to dilute pollutants are added, as
in Reza ef al. (2014) and — above all — following the procedure suggested by Ulgiati
and Brown (2002), i.e. calculating the emergy associated with the wind energy to bring
pollutants within acceptable concentrations as by legal limits. A further improvement is
the calculation of the labour associated with the driving activity; this appears to be
particularly suitable to describe major differences in what is expected from travellers in
different transport modes (e.g., road driving or bicycle riding, or small-boat rowing
versus driving-free road, motorised maritime, or air mobility), while requiring further
discussion to understand its actual valence when making comparisons within the same
transportation mode. It is worth noting that the output of the road transport
infrastructure system may be addressed following different viewpoints, taking the form
of sej/lkm, sej/passenger-km, or sej/tonne-km, in so emphasising either the investment
referred to the structure build-up and maintenance or that related to the services
provided to the public. This has some consequences in how the “vehicles” stock should
be systemically framed within an emergy diagram. In the case of a systemic output
defined as the sole physical highway, users vehicles do not play a role, whereas in the
cases of systemic services expressed in terms of users’ exploitation, vehicles are an
input necessary for providing the output, and so has to be taken explicitly into account.

6. Discussion: time as “luxury”

A detailed presentation of the quantitative analysis is beyond the purpose of this
contribution, and will be the object of the comprehensive study in preparation
(Cristiano, Gonella, & Ulgiati, forthcoming). However, following the analysis of the
addressed case study, one of the most interesting aspects is the quantitative role of
time, that seems to be one of the keys for understanding the highway transport system
from the point of view of its real sustainability. In fact, when opting for a new or renewed
transport infrastructure (and when comparing for instance road mobility to rail mobility),
saved time is likely to become a crucial reason in justifying civil enterprises (see for
example the high-speed train projects proposed or realised all around the world). In
the commented study, an overall advantage is not actually expected following the
renovation works in none of the three functional units considered (functioning of the
highway section per kilometre, emergy per passenger-kilometre, and emergy per
tonne-kilometre). A situation close to a balance between benefits (input savings) and
costs (input investments) is nearly achieved only if labour and services — including
drivers labour — are accounted for. On the contrary, when drivers labour is not
considered, the functional units are more emergy demanding, with the emergy per
passenger-kilometre up to 25% higher and that per tonne-kilometre up to over 50%
higher on the renewed section. It is worth underlining how emergy accounting output
is generally given both with and without labour and services, since these might not
describe properly any process and — at the same time — the question of standardisation
in the way they are calculated is currently under debate in the emergists community.
As per the emergy related to the drivers activity (labour), this is something definitely
useful to account for and highlight the significant effort required in road transportation
when compared to the minimisation of the driving responsibilities that characterise
other transportation modes (rail, maritime, air), as after all done in conventional
transport economics. When comparing two or more scenarios for a road transport
system, instead, one might wonder whether or to what extent this information should
be relevant, especially when considering that savings in time are not due to the
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instrinsic features of the same transportation mode, which cannot allow for alternatives
presumably implying less resources consumption in operation owing — for instance —
to the sharing of vehicles and fuel or electricity as for railways. In analyses of a same
transport mode such as a road system, it seems that time saving might become the
reason why a civil infrastructure is built or renewed, and such a goal is generally
reached through the use of the resources and labour that we can financially afford from
the privileged position here and now, often involving the exploitation of someone else’s
labour as well as the claiming of a right to use resources at the expense of people
living in other areas (mainly in the Global South) or in the future (next generations). A
real, winners/losers based “luxury”. Yet, even for the most uncaring readers, the
Odums (2001) ammonish that “[t]he auto age will come to an end when alternate needs
for the fuels running the personal autos become more important than the time saved
by having individual cars”.

7. Conclusion

The results of the emergy synthesis here commented, if read while keeping in mind
the wise words by Howard T. Odum and his wife Elizabeth (2001; 2006), warn us that
such “luxury” highly depends on the abundance of energy (more generally, on the
abundance of “cheap” resources and labour), i.e., of something which is less and less
given for granted in a changing world undergoing a systemic crisis. Whether we want
it or not — we will soon be led to reconsider our priorities due to the criticality and
systemic unsustainability of a way of reasoning based on the aforementioned “luxury”.
Environmental sustainability and social equity might rather be reconsidered to turn this
warning into an opportunity to pursue a lasting well being, which might include the
recovery of slowness as a value, so that perhaps the labour-intensity of transportation
could be judged on a case-by-case basis, with more (systemic) emphasis on the
resource-intensity of a given transportation mode, including the evaluation of
construction and maintenance environmental inputs. Framing an emergy accounting
analysis in the more general picture of a prosperous way down is quite a complex task,
but it is nevertheless one of the reasons why the donor-side perspective provided by
the emergy conceptualisation was first established. Given the central role played by
the transportation systems in defining the basic characters of any modern socio-
economic system, it appears extremely important that an emergy analyis is carried out
for the major transportation infrastructures, aiming at connecting a quantitative
sustainability analysis with the mandatory transition towards a society where the fossil
fuel will be no longer a focus of the overall productive activities.
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Evaluating rural developing dynamics using a combined emergy
and niche method in a watershed

Dewei Yang

How to maintain rural residents’ welfare and regional sustainability against the
background of rapid urbanization is challengeable in China. The emergy and niche
theory are most popular in eco-economic fields. It is widely applied to analyze
regional competition in terms of socio-economic and environmental capitals. A
combined emergy and eco-niche method is proposed to evaluate rural developing
state and trends in a Jiulong Rvier watershed, southeast China. The data are
collected from face-to-face survey of household activities, statistical yearbooks and
land use data. We will analyze the competitive alternatives and identify regional
sustainability, and also discuss how to survive for local residents under the
background of rapid urbanization.
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Abstract

The bio-ethanol (EtOH) is one of the most common biofuel and is foreseen as a leading candidate to
substitute the gasoline in the transport sector among the European Union polices. Through the Life
Cycle Assessment (LCA) approach, this study aimed to: (i) investigate the environmental performance
of EtOH production from lignocellulosic wheat straw (WS) and its use as transport fuel in E10 (10% of
EtOH and 90% of gasoline) and E85 (85% of EtOH and 15% of gasoline) vehicles, and (ii) further
compare the results with similar bio-based systems from annual (fiber sorghum- FS) and perennial
(giant reed- GR) dedicated crops as well as against the fossil counterpart (conventional gasoline
passenger car). As one of the main outcomes of EnerBiochem and BioPolis projects, this work aimed
to identify, from the environmental point of view, the best performing feedstock for a prospective
territorial bio-refinery network in Campania Region (Southern lItaly). The results showed for WS-E85
the relevance of the feedstock supply. The comparison highlighted for E10-blends similar profiles for
most impact categories, nearly overlapping with the conventional passenger car. Differently, for E85
vehicles, the differences between the bio-based and reference systems appeared amplified according
to the specific impacts of the feedstock supply and conversion steps. On the whole, FS-E85 system
showed the worst environmental profile whilst WS-E85 entailed the best performance. However
relevant potential constraints linked to the straw removal from the cropped fields need to be further
investigated.

1. Introduction

There is an increasing interest in agricultural and forest residues as well as in
dedicated crops (not in competition with food) capable to provide energy (Sims et al.,
2006) and building blocks materials as alternatives to fossil fuel-based energy
carriers and chemicals (Cherubini, 2010; Forte et al., 2017). In this regard, the
International Renewable Energy Agency (IRENA) sets a 2030 energy target of about
20% of the global primary energy consumption from biomass conversion (IRENA,
2015). However some sustainability criteria should be respected: a minimum
greenhouse gas saving of 60% for advanced biofuels from 2018 onwards (EEA,
2017). The bioethanol (EtOH) is one of the most common biofuel and it is foreseen
as a leading candidate to potential substitute the gasoline in the transport sector
among the European Union polices. The biorefinery technologies (Zucaro et al.
2016a), the bio-based products (Cherubini, 2010) and the final use of the products
(e.g. fuel used in passenger car) should be evaluated considering current
dependency on fossil products and the environmental consequences. The
environmental life cycle impacts of the second generation bioethanol production were
also largely determined by the types of biomasses (Zucaro et al. 2016b) and the
system boundaries considered for the assessment (Luo et al., 2010; Parajuli et al.,
2017). The lignocellulosic biomass thanks to its particular structure (in cellulose,
hemicellulose, lignin, ash, and other residues) can be employed to obtain a wide
spectrum of bio-products (Zucaro et al., 2016a; Forte et al., 2016; Forte et al 2017).
In this study a detailed Life Cycle Assessment (LCA) was applied in order to evaluate
and identify the major hotspots of the environmental performance of wheat straw
(WS) based bio-ethanol (EtOH) used in E10 (10% of EtOH and 90% of gasoline) and
E85 (85% of EtOH and 15% of gasoline) vehicles. Moreover, the comparison
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between different EtOH bio-based supply-use chains and the fossil counterpart
(conventional gasoline passenger car) was carried out in order to assess the
environmental potentials and constraints of a hypothetical local biorefinery plant in
Campania Region.

2. Materials and Methods
2.1 Goal and scope definition

The aims of this study were to: (i) evaluate the environmental performance of wheat
straw bioethanol (WS-EtOH) produced in a prospective local biorefinery plant
(Campania Region) and used in E10 (10% of EtOH and 90% of gasoline) passenger
cars or in E85 flex-fuel vehicles (E85, 85% of bioethanol and 15% of gasoline), (ii)
address the comparison among similar bio-based systems from annual (fiber
sorghum - FS) and perennial (giant reed - GR) dedicated crops on hilly marginal
lands in the same territory (Campania Region), as well as over the fossil counterpart
(gasoline passenger car), in order to identify the most suitable lignocellulosic
feedstock.

An attributional cradle-to-wheel Life cycle Assessment (LCA) (ISO 144040, 2006;
ISO14044, 2006) was applied, by means of SimaPro 8.0.3 software coupled with the
ReCiPe (v.1.10, 2013) midpoint hierarchic impact assessment method. The impact
categories analyzed were: Climate Change (CC), Ozone Depletion (OD), Terrestrial
Acidification (TA), Freshwater Eutrophication (FE), Marine Eutrophication (ME),
Photochemical Oxidant Formation (POF), Particulate Matter Formation (PMF), Water
Depletion (WD), and Fossil Depletion (FD).

The analysed prospective biorefinery plant in Campania Region included the same
Functional Unit, 1 km driving of a midsize passenger car, and an equivalent system
boundary for WS-EtOH (as presented in Fig. 1), FS-EtOH (Forte et al., 2017) and
GR-EtOH (Zucaro et al., 2016) supply-use chains as well as for the fossil reference
counterpart. As it relates to the feedstock production, the analysis took into account
the whole wheat cultivation for the co-production of wheat grains (sold to the market
at the farm gate) and wheat straw (used into the investigated bio-based pathway).
The wheat straw feedstock was then processed in an advanced second generation
industrial plant including the pre-treatment, the enzymatic hydrolysis, pentose (C5)
and hexose (C6) sugars co-fermentation, purification (Fig.1).

Heat and electricity
__ i Uhconverted
Wheat cultivation | > bre: Feedstock conversion solids
- " N;0 ,NH; /
Soil preparation NO,,CO; Pre-treatment Ethanol Final use phase:
blending E-10 and E-85
Wheat straw Enzymatic hydrolysis transport | SUPPly to (FU: 1 km)
> service
= = port stations
Field maintenance Co-fermentation
|_Electricity
Harvest operation
Wheat grains -
| —eatgrains >

Fig. 1 System boundary of the wheat straw bio-ethanol (WS-EtOH) production-use chain in Campania
Region. DFE: direct filed emissions; CHP: Combined Heating and Power-plant.
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Moreover, the WS-EtOH system accounted the recovery of lignin cake (e.g. the lignin
fraction and a portion of not hydrolyzed holocelluloses) and concentrated stillage
(e.g. not fermented sugars and a portion of not hydrolyzed holocelluloses) in an
Combined Heating and Power (CHP) plant to meet the facility’s energy needs. An
exceed of electricity was produced by the CHP plant and then sold to the local grid
(energy surplus). Given the presence of very different co-products, according to the
LCA procedures (ISO 14040, 2006; ISO 14044, 2006), in this study an economic
allocation was considered as the most suitable approach. For the biomass
production, the economic allocation was carried out on the basis of 10-year average
prices for grains and straws of durum and common wheat (statistics downloaded
from regional chamber of Camera di Commercio Avellino, 2015; Camera di
Commercio Forli-Cesena, 2015): 85% to grains and 15% to straw. Whereas, the
impacts from the biorefinery plant were allocated by 99% to EtOH and 1% to the
surplus electricity on the basis of average prices for EtOH fuel (0.5 €/L) and electricity
(0.09 €/kWh) (Bai et al., 2010; Rauch and Thone, 2012; ; Regulatory Authority for
Electricity and Gas, 2015; Zucaro et al., 2016a).

Based on the specific blends fuel efficiency, the LHVs and the percentage of EtOH-
petrol composition, the fuel economy was set as follow: (i) 0.063 kg of E10 fuel for
driving 1 km (0.007 kg EtOH and 0.056 kg of gasoline) and (ii) 0.092 kg of E85 fuel
for driving 1 km (0.079 kg of EtOH and 0.013 kg of gasoline) (Gnansounou et al.,
2009; Gonzélez-Garcia et al., 2010; Zucaro et al., 2016a, Forte et al., 2017).

2.2 Life Cycle Inventory

The raw materials, energy use, manufacturing processes, transport, distribution, use
and the final disposal of auxiliary inputs within and between each production stages
were considered. Contrariwise, the cars production, maintenance and disposal were
outside the analysed system boundaries for both the bio-based and fossil reference
systems. The WS-EtOH supply-use chain inventory data was based on: (i) literature
data for biomass production in the contest of Campania Region (Forte et al., 2016)
and (ii) primary data for the feedstock conversion process by an advanced second
generation technology (obtained in framework of EnerBiochem and BioPoliS projects)
(iii) secondary data for the EtOH splash-blending stage and its final use in E10 and
E85 vehicles.

Table 1 summarized for both the investigated passenger cars E10 and E85 the main
inputs/outputs of the WS-EtOH supply/use chain. Only the inputs allocated to the
wheat straw for EtOH production were showed, whilst the wheat grains produced (3.1
tary biomass ha™" yr'') at farm gate were directly sold to the market.

The transport of WS biomass from the farm gate to the biorefinery plant was
assumed within a maximum radius of 70 km, by a mix of on-farm (tractors and
trailers) and off-farm (20-28 ton diesel lorries) operations (regional short-supply
chain, DM 2/03/2010). The biorefinery plant analysed was based on advanced
second generation conversion technology allowing the conversion of about 420,000 t
dry basis yr™' of WS for the production of about 100,000 t yr™' of EtOH. Industrial
data were experimental estimates in the framework of EnerBiochem project. At this
stage, all data inherent inputs and process efficiency represented sensitive industrial
data, subject to disclosure restrictions. For this reason aggregated input/output flows
are summarized in Table 1. The machineries and infrastructures used in the
biorefinery plant (i.e. extraction and treatment of raw materials, manufacturing
process, transport, distribution, use phase and the final disposal) were secondary
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inventory data retrieved from Ecolnvent processes “Ethanol, 99.7% from wood
biomass” and “Wood chips, burned in cogen 6400kWth, emission control” (Ecolnvent
database v. 2.2). In this regard, following the Ecolnvent guidelines, the plant
emissions from the CHP unit were modelled on the basis of dry matter and carbon
conte