
 

CONFERENCE SCHEDULE 
 

Thursday, January 7, 2016 – Ballroom A  
 

7:45      Registration 
8:15 Opening Remarks: Mark Brown 
Introduction  
 

8:20 - 10:00  Session 1 ~ Advances in Methodology 
 

Integrating Emergy into LCA: progress made and challenges ahead 
 Marco Raugei, Benedetto Rugani, Enrico Benetto, Wesley Ingwersen, 

Alejandra M. González-Mejía, Maddalena Ripa, Salvatore Mellino, 
Sergio Ulgiati, Mark T. Brown 

 

Towards a consensual emergy analysis based on life cycle inventory: launch 

of the software SCALE 
 Antonino Marvuglia, Benedetto Rugani, Enrico Benetto, Ligia Tiruta-

Barna, Yoann Pigné, Gordon Rios, Tomás Navarrete Gutiérrez 
 

Co-production in emergy analytics – Critical review of methods and a 
possible extension to the Bastianoni and Marchettini approach 
 Murray Patterson 
 

The Geobiosphere Emergy Baseline: A synthesis 
 Mark Brown, Dan Campbell, Chris DeVilbiss, Sergio Ulgiati 

 

10:00 - 10:25  Break 
 

10:25 - 12:30 Session 2 ~ Built Environment 
 

Towards an emergy evaluation framework to visualize and map energy and 
material flows onto Built Environment Life Cycle Analysis 

Naomi Keena, Mohamed Aly Etman, Nancy Diniz, Alexandra Rempel, 
Anna Dyson 

 

Build-Em: An integrated emergy and environmental accounting tool for 
buildings 
 Ravi Srinivasan, Utsav Parakh, Daniel Campbell, Joseph Burget, 

Jiaxuan Li, William Braham, Jaskaran Nagi 
  

 The varieties of building E[m]ergy Intensity 
William Braham 

 

Form of information: Power, efficiency, and the resilience of building form 
 Hwang Yi, William Braham 

 

An emergy approach to investigate the environmental load and 
sustainability of urban systems 

Silvio Viglia, Dario Felice Civitillo, Gianluca Cacciapuoti, Sergio Ulgiati 
 



 

12:30 - 13:45 Lunch   
 

13:45 – 15:50  Session 3 ~ Regional & National Sustainability 
 
 

Páramo de Gerrero´s sustainability. An emergy approximation 
 Camilo Ernesto Buitrago Soto 
The input-state-output sustainability framework at the sub-national level: 
data collection, emergy evaluation and ranking of the 20 Italian regions  

Federico Pulselli, Luca Coscieme, Fabrizio Saladini, Alessandro Sani, 
Simone Bastianoni 
 

Emergy-based provincial sustainability evaluation and spatial development 
pattern analysis based on Global Emergy Database 

Gengyuan Liu, Zhifeng Yang, Yan Zhang, Linyu Xu, Lixiao Zhang, Sergio 
Ulgiati 

 

The emergy perspective of sustainable trends in Puerto Rico from 1960 to 
2013 

Alejandra González-Mejía, Xin (Cissy) Ma 
 

E4-Emergy Evaluation of South Korea’s sustainability progression since 
signing the Kyoto Protocol 
 Hun Park  

 

15:50 – 16:15  Break 
 

 

16:15 – 17:55 Session 4 ~ Conceptual Approaches 
 

 

A step outward: Urbanization, land teleconnection, and emergy 
Shu-Li Huang 
 

Emergy applications in urban planning and regenerative systems landscape 
design  
 Daniel Bergquist, Torbjörn Rydberg 
 

 

The “Emerging Quality” of self-organizing systems, when modeled 
according to the Maximum Ordinality Principle, offers a radically new 
perspective to modern science 

Corrado Giannantoni 
 

What can Emergy tell about food: the impact of diets  
Simone Bastianoni, V. Niccolucci, N. Patrizi, M.A. Algeri, N. Marchettini 

 

Please note, tomorrow we start at 8:00 and we have 2 rooms of 

concurrent sessions, with a shorter morning break (15 minutes) and 

a one-hour lunch. We end around 14:00 and you will have some 

time to rest or meet with colleagues before the poster session and 

reception. 



 

Friday, January 8, 2016 – Ballrooms A & E (concurrent)  
 

 
8:00 - 10:05  Session 5 ~ Alternative Power Generation (Ballroom A) 

 

Environmental sustainability of a biomass-electricity-spirulina linked 
carbon-negative economy model in China: An emergy analysis 

Lixiao Zhang, Mingyue Pang, Sergio Ulgiati, Gengyuan Liu, Zhifeng 
Yang 
 

Emergy Accounting evaluation of power generation from animal by 
products 

Remo Santagata, Maddalena Ripa, Silvio Viglia, Sergio Ulgiati 
 

Integrated ex-ante emergy evaluation of agro-industrial sector in small 
island 

Stan Selbonne, Killian Chary, Aurélie Wilfart, Loïc Guinde, Jorge Sierra, 
Jean-Marc Blazy 

Net emergy assessment of wind-electricity generation in the Brazilian 
northeast region 

Márcio Costa, Feni Agostinho 
 

Characterization of heat demand using an emergy-based indicator for 
sustainability increase 

Stefano Coss 
 

8:00 - 10:05 Session 6 ~ Agricultural Systems (Ballroom E) 
 

Productivity of an agricultural production system based on Emergy 
Footprint 
 Hanne Østergård 
 

Spatial emergy analysis of agricultural land: Does fragmentation matter? 
 Ying-Chieh Lee 

  

Circulating agriculture and low carbon development based on the emergy 
theory - A case study of Xingyuan circulating agriculture demonstration 
base in Fuqing City, Fujian  

  Xiaobin Dong, Xiaohuan Hu, Xuechao Wang 
 

An emergy analysis of a dehydrated sugar-cane juice as powder process 
Alberto E. Calvo, Armando Diaz Concepción, Emir Cabrera Rodríguez, 
José Gandón Hernández, Yoel Hernández Barrios 

 

Future scenario modelling and resilience indicators. A case study of small-
scale food and energy production in a village in Ghana 

Andreas Kamp, Hanne Østergård 
 

10:05 - 10:20  Break 
 

 



 

Friday, January 8, 2016 – Ballrooms A & E (concurrent) 

 
 
10:20 – 12:00  Session 7 ~ Waste Recovery & Recycling (Ballroom A) 
 

Nutrient recovery from municipal wastewater for sustainable food 
production systems: An alternative to traditional fertilizers 

Alejandra González-Mejía, Xin (Cissy) Ma, Jay Garland, and Jennifer 
Cashdollar 
 

Developing recovery antipollution policies: Emergy synthesis of China’s 
Huai River pollution reduction  

Dan Zhu 
 

Sustainability evaluation of end-of-life vehicle recycling based on emergy 
analysis: A case study of an end-of-life vehicle recycling enterprise in China 

Yuxue Pan, Haitao Li 
 

Evaluation of c-Si PV panels end-of-life based on emergy accounting: a case 
study in Italy 

Maddalena Ripa, Fabiana Corcelli, Sergio Ulgiati 
 

 
10:20 – 12:00 Session 8 ~ Approaches in Economics & Finance 

(Ballroom E) 
 

Information cycles in the financial industry 
Tom Abel 

Emergy analysis and emergy indices for the US economy using the 
emergy/co-emergy method 

Stephen Tennenbaum 
 

Energy network science: metrics for assessing a regenerative economy 
 Brian Fath, Dan Fiscus, Sally Goerner 

 

Emergy and Econophysics 
Dennis Collins 

 
 

 
12:00 – 13:00  LUNCH 
 

 

 

 

 
 



 

Friday, January 8, 2016 – Ballrooms A & E (concurrent) 

 
13:00 – 14:15  Session 9 ~ Aquatic Systems (Ballroom A) 

 

Emergy analysis of coastal systems influenced by upwelling in northern 
Chile: Estimation of ecological-economic sustainability at multiple scales 
 Fernando Berrios Robles, Dan Campbell 

  

Emergy analysis of an urban water system 
  Sam Arden 

 

Emergy and (eco-)exergy as indicators for sustainable management of 
aquatic biomasses in two Italian lagoons 

Fabiana Morandi, Søren Nors Nielsen, Silvia Focardi, Antonietta 
Specchiulli, Raffaele D’adamo, Simone Bastianoni  

 

 

13:00 – 14:00 Session 10 ~ Emergy and Environs (Ballroom E) 

Special Session by Bernard C. Patten 
Emergy and Environ Analysis: What Insights and Understandings Might 
Network Environ Analysis (Nea) Bring to the Emergy Concept and 
Applications?
  

14:30-16:00 Time to relax or set up meetings with colleagues 
 

15:30 Poster presenters, please arrive at Ustler Hall for set 
up at 15:30 

 

16:00 – 21:00 Poster Session & Reception at Ustler Hall, 
hosted by the Center for Environmental Policy  

  (maps at end of program and on the website) 
 

POSTERS 
 

Emergy evaluation of cover cultivation within a soybean crop sequence in 
Argentina’s Pampas Region  

Jorgelina Asmus, M.H. Mallqui, S.Bacigaluppo, F. Salvagiotti, G. Rótolo 
 

Emergy didactics in sustainable urban development and planning  
 Daniel Berquist 
 

Evaluation of the ecological integrity and ecosystem health of three benthic 
networks influenced by coastal upwelling in the northern Chile 
 Fernando Berrios Robles, Daniel E. Campbell, Marco Ortiz 
 

Emergy diagnosis of land-use change and recovery proposal for an area in the 
Brazilian Cerrado 
 Luz S. Buller, Enrique Ortega, Ivan Bergier 
 



 

(POSTERS, continued) 
 

Real profitability assessment of the spare parts and equipment recovery 
(Remanufacturing) by welding 
 Alberto Calvo González, Tiel García Hernández 
 

A typical ¨panela¨ process production eMergy analysis 
 Alberto Calvo González, Inés Margarita Oviedo Jiménez 
 

A re-examination of the emergy input to a system from the wind 
 Dan Campbell, Laura Erban 
 

Clusters of high-transformity individuals 
 Dennis Collins, David Scienceman 
 

Gravitational and chemical emergy indicators for the crust using an evolving 
geobiosphere emergy baseline 
 Christopher De Vilbiss 
 

Management technologies for MSW Treatment: Pyrolisis and plasma arc 
 Geslaine Frimaio, Carlos Silva, Cecília Almeida 
 

A multiple-perspective evaluation of Slovenian milk production sector and the 
alternatives to its reorganization  
 Tina Kocjančič, Marko Debeljak, Jaka Žgajnar, Luka Juvančič 
 

A novel approach to quantify the contribution of multiple regulating ecosystem 
services 
 Tina Kocjančič, Carlos Guerrab 
 

Using GIS for emergy analysis 
 Dong Joo Lee, Kyung Min Park 
 

Influence of recent changes in the Polish economy on the structure, 
organization and energy flow of local human communities in the Tuchola Forest 
(N-W Poland) 
 Anna Lewandowska-Czarnecka, Andrzej Nienartowicz 
 

LCA-based emergy evaluation of main wastewater treatment systems in 
Shenzhen, South China 
 Linjun Li, Hongfang Lu, David R. Tilley, Guoyu Qiu 
 

Time and Space Model of Urban Pollution Migration: A Correlation Analysis of 
the “cancer villages” in the Huaihe River Basin 
 Gengyuan Liu, Zhifeng Yang, John Crittenden, Brian D. Fath, Sergio Ulgiati 
 

Emergy evaluation for transmitting and sustaining shared information during 
an oral English class 
 Daniel Lupinacci, Silvia H. Bonilla  (Carlos Cezar da Silva) 
 

Emergy evaluation of environmental costs for generating information in an 
Agricultural Institution of Argentina: Oliveros Agriculture Experimental Station, 
as case study 

Marina Hoyos Mallqui, Jorgelina Asmus, Julio M. Castellarin, Gloria Rótolo 



 

 

(POSTERS, continued) 
 

The resource use efficiencies of energy crops seedlings 
Fabiana Morandi, Elena Neri, Annachiara Forte, Angelo Fierro, Riccardo 
Basosi, Simone Bastianoni 
 

A limit to growth: drinking water model for the city of São Paulo 
 Marina Oncken, Enrique Ortega 
 

Prosperous Way Down: Task Forces 
Enrique Ortega, J.M. Gusman Ferraz, M. Bacic, R. Kassai, J. Campos, A. 
Costa, C. Prisco, M.P. Oncken, M. Paiva, I. Risio, R. Nogueira 
 

NOOSPHERE: a mini-model  
 Enrique Ortega, Marina P. Oncken 
 

Assessing climate change vulnerability using emergy analysis in a case study of 
the Maemi Typhoon in Busan 
 KyungMin Park, Suk Mo Lee 
 

Emergy evaluation of information. Media and ICT 
 M. Piciocchi, Silvio Viglia 
 

Emergy synthesis used to characterize the agroecosystem as a component of a 
typical product quality. Case: Binational IG construcción for Argentine 
Mesopotamian Center and Brazilian Alto Camaquã sheep meat 
 Susana Alderete Salas, M. Borba, G. Rótolo, M. Champredonde 
 

The Jewish pattern of history, Maxwell's Demon and Maximum Empower 
 David Scienceman, Dennis Collins 
 

Emergy Environmental Analysis of Mirorós Irrigated Perimeter – Bahia 
 Carlos Cezar Silva, A. Frimaio, G. Frimaio, K. Tagliaferro 
 

Land use change and Natural Capital emergy analysis - a case study of Miyun 
reservoir 
 Xuechao Wang, Nachuan Lu, Hejie Wei, Xiaobin Dong 
 

Potential of combining Emergy and Ecological Network Analysis for studying 
ecosystem function 
 Lucía Zarbá, Mark Brown 
 

Emergy-Based urban metabolic efficiency analysis and comprehensive 
evaluation for Fuzhou 
 Yan Zhang, Xiaoqing Yu, Zhifeng Yang, Gengyuan Liu, Xiaoxi Sun 
 

 
 
 



 

Saturday, January 9, 2016  (! Room NEB 202 !)  
 

 

8:30 - 10:10   Session 11 ~ Ecosystem Services 
 

Estimated impacts from the Deepwater Horizon Oil Release on High Marsh 
Systems in Mississippi: A systems modeling approach  

 Mark Brown, Lucía Zarbá 
 

Monetary valuation of ecological services : Comparison of Willingness to Pay 
versus Emergy Costs for early restoration projects negotiated for the 
Deepwater Horizon Oil Spill  

Eldon C. Blancher II, Justin E. Blancher 
 

Accounting for Maryland’s ecosystem services 
Elliott Campbell 

 

Dynamics of ecosystem services provided by subtropical forests following 
succession in Southeast China as measured by donor and utility value  

Hongfang Lu, Daniel E. Campbell, Hai Ren 
 
 

10:25 – 12:30   Session 12 ~ National Economies & International Trade 
 

Emprints of the nations: The change in global sustainability from 2000 to 
2010 

 Dan Campbell, Dennis White, Hongfang Lu 
 

Emergy analysis of China’s fossil fuel import 
 Weiqiong Zhong, Haizhong An, Wei Fang 
 

Uncovering Hidden Benefits of Agricultural Trading:  An Emergy 
Assessment
 Gloria Rótolo, Sergio Montico, Charles A. Francis, Sergio Ulgiati 

 

Assessing costs and benefits in China-Africa resource and technology 
partnership 

 Shupei Huang, Haizhong An, Sergio Ulgiati, Elvira Buonocore 
 

Exploring equity and evolution of China’s foreign trade: an emergy-based 
cluster analysis 

 Tian Xu, Patrizia Ghisellini, Yong Geng, Sergio Ulgiati 

 

12:30 – 3:00 Working lunch / Meeting of the International Society 

for the Advancement of Emergy Research (ISAER) 

 Lunch provided by ISAER 

 

7:00 – 00:00   Party at Mark Brown and Carol Binello’s House 
  See map in at end of Program or on the website 
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ABSTRACTS 
 

Thursday, January 7, 2016       
 

8:20 - 10:00  Session 1 ~ Assessing the Global Emergy Baseline 
 

Integrating Emergy into LCA: progress made and challenges ahead 
 

Marco Raugei1,2, Benedetto Rugani3, Enrico Benetto3, Wesley Ingwersen4, 
Alejandra M. González-Mejía5,6, Maddalena Ripa7, Salvatore Mellino7, 

Sergio Ulgiati7,8, Mark T. Brown9 

 

1 Oxford Brookes University, Wheatley (Oxford), UK 
2Center for Life Cycle Analysis, Columbia University New York, NY, USA 
3Luxembourg Institute of Science and Technology (LIST), Luxembourg 

4 US EPA, Cincinnati, OH, USA 
5Sêr Cymru National Research Network for Low Carbon, Energy and 

Environment, Wales, UK 
6 School of Environment, Bangor University, Bangor, Gwynedd, UK 

7Parthenope University of Naples, Naples, Italy 
8 School of Environment, Beijing Normal University, China 

9University of Florida, Gainesville, FL, USA 
 

The rationale for integrating emergy into life cycle assessment (LCA) has been 
expounded in previous contributions to this same series of conferences over the 
last decade, as well as in a growing number of publications in scientific journals. 
Whereas we acknowledge that such integration may not always be required or 
even desirable, we maintain that, when dealing with industrial and agro-
industrial systems, the applications in which the two approaches would benefit 
from it far outnumber those in which they would not. In recent years, many 
practical steps have been taken to identify and, insofar as possible, address the 
methodological issues ensuing from the different viewpoints offered by emergy 
and LCA. This paper summarizes the milestones along the path trodden so far, 
and presents a first simple case study in which a newly-developed ‘emergy 
characterization factor’ library may be put to practical use. It also aims to identify 
the lingering theoretical and practical obstacles that still need to be 
circumvented before the two methods may be considered to have been 
successful integrated and to be ready for a wider range of joint applications. 
Finally, the recognition is made that a concerted effort under the auspices of a 
joint research project would be key in speeding up the process of overcoming 
these last few, but arguably still significant, hurdles. 
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Towards a consensual emergy analysis based on life cycle inventory: launch of 

the software SCALE 
Antonino Marvuglia1*, Benedetto Rugani1, Enrico Benetto1, Ligia Tiruta-Barna2,  

Yoann Pigné3, Gordon Rios4, Tomás Navarrete Gutiérrez1 
1Luxembourg Institute of Science and Technology (LIST), Luxembourg 

2National Institute of Applied Sciences (INSA), 
Toulouse, France 

3Normandy University, Le Havre, France 
4Pandora, San Francisco, California, USA 

 

The software SCALE has been recently developed to compute emergy flows by 
using life cycle inventory (LCI) models, which are a collection of thousands of 
interconnected unit processes containing average technology data. Accordingly, 
LCI is the most advanced and formally acknowledged form of product system 
environmental accounting. Because of this, calculations of products’ emergy 
values based on LCI models can increase their reproducibility and transparency, 
making also possible some kind of standardization of the emergy calculation 
procedures, thus facilitating comparisons between different products 
assessments. The software, which formally implements the emergy algebra, 
allows emergy flows to be traced to identify how the internal supply-chains of 
any life cycle system interact and converge to a functional unit. This paper aims 
at introducing SCALE to the emergy scientific community, by illustrating its 
functionalities and calculation properties. A case study is presented to allow 
future practitioners having a detailed overview of the operational features of the 
calculation system, and a deeper understanding of the potentials of the 
software. Since the first release of its beta-version in 2013 (Marvuglia et al., Ecol. 
Modell., vol.248, pp.80-91), the graphical user interface of SCALE has been 
largely improved, and the visualization and management of software 
components (project parameters and parameter setting panels, source files 
importation interface, etc.) is now simplified to enable a fast model development 
and an explicit interpretation of the emergy results. The release of SCALE will 
contribute to the initiation of a collaborative process of consensual 
standardization of the emergy evaluation method, encouraging the effective and 
operative use of an integrated emergy-LCI approach. 
 

Co-production in emergy analytics – Critical review of methods and a possible 
extension to the Bastianoni and Marchettini approach 

Murray Patterson 
Massey University, Palmerston North, New Zealand 

 

Co-production (joint production) is a long recognised problem in systems 
analysis of both economic and ecological systems, and therefore is not a problem 
just confined to emergy synthesis. This paper therefore critically reviews how co-
production is dealt with in economic systems analysis, input-output analysis, 
energy analysis, emergy synthesis and life-cycle assessment. Common problems 
are identified such as double counting, allocation issues, ambiguity of results, 
and the problem of the relationship between joint production and negative 
prices/transformities when using formal mathematical methods. In general four 
groupings of methods for dealing with the problem of co-production are 
identified, including: (a) allocation methods; (b) statistical and matrix algebra 
methods; (c) apportioning the total input value to all co-products, as used in 
emergy synthesis; (d) system expansion, as used in life-cycle assessment.  In 
principle, all of these four methods can be used in calculating unit emergy values 
(transformities, specific emergies). For relatively simple systems the method put 
forward by HT Odum of attributing the emergy coming into a process to all 
outputs (but not adding them together with the branchs coalesce), is adequate. 
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However, this approach as pointed out by Bastianoni and Marchettini (2000) is 
not without its problems and furthermore can be difficult to unambiguously 
operationalize in complicated systems. This led Bastianoni and Marchettini 
(2000) to propose the ‘weighted average transformities’ method for allocating 
emergy inputs to process outputs. This is very similar approach to the reflexive 
method proposed by Patterson (2013), with the significant being that the 
‘reflexive method’ ensures that there is convergence between the initial 
transformities and those transformities actually calculated by the method. All of 
these methods and attendant methodological issues are illustrated by a number 
of simplified numerical examples. 

 

The Geobiosphere Emergy Baseline: A synthesis 
Mark Brown1, Dan Campbell2, Chris DeVilbiss1, Sergio Ulgiati3 

1University of Florida, Gainesville, FL, USA 
2USEPA, ORD, NHEERL, AED, Narragansett, RI, USA 

3Parthenope University of Naples, Italy & Beijing Normal University, China 
 

Following the Eighth Biennial Emergy Conference (January, 2014), the need 
for revisiting the procedures and assumptions used to compute the 
Geobiosphere Emergy Baseline (GEB) emerged as a necessity to strengthen the 
method of Emergy Accounting and remove sources of ambiguity and potential 
misunderstanding. As a result of that awareness, three studies were undertaken 
to compute refined baselines using the most recently available data and 
understanding of Earth processes.  They represent an effort to move towards a 
solution of this important and urgent issue. We hoped that the results of these 
studies would result in the development of a synthesis document to clarify the 
baseline issue and perhaps, ultimately result in the adoption of a single baseline. 
The reasoning was that several different approaches to the GEB computation, 
carried out by different emergy practitioners, would allow for comparison and 
accommodation of different perspectives and theories related to integration of 
Earth’s driving energies into a single emergy baseline. Of course, given the 
uncertainty that exists in our understanding of the geobiosphere system, as well 
as in the available data about global processes, we did not expect that each 
approach would yield the same baseline, but rather that results achieved 
through different procedures and assumptions might fall within an acceptable 
range of values. In so doing, a single agreed upon baseline might be selected to 
reflect a reconciliation of diverse perspectives within a scientifically sound 
estimate of uncertainty. 

Three studies were undertaken, that are to be published in Ecological 
Modeling (Brown and Ulgiati, 2016; Campbell, 2016; and De Vilbiss et al., 2016). 
They represent three different methods of determining the equivalences needed 
to express tidal dissipation and geothermal exergy as solar equivalent exergy. 
The methods have in common the fact that each of them computed solar 
equivalence ratios (SERs: solar equivalent exergy per unit of exergy; seJ J-1) that 
when multiplied by the exergy of the primary sources to the geobiosphere, yield 
flows of solar equivalent exergy. 

The final synthesis GEB recommended based on the three approaches is 
12.0 E+24 seJ y-1. The solar equivalent exergy of the three primary sources of 
exergy to the biosphere are as follows: Solar energy absorbed = 3.7E+24 seJ y-1, 
Geothermal energy flows = 4.7E+24 seJ y-1, and Tidal energy absorbed = 3.5E+24 
seJ y-1. The emergy of all products and flows produced in the geobiosphere can 
now be computed using standard emergy accounting methods starting from the 
common baseline, 12.0E+24 seJ y-1. The units of these succeeding products and 
flows, derived from the GEB, are solar emjoules, abbreviated sej. 
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10:25 - 12:30             Session 2 ~ Built Environment 
 

Towards an emergy evaluation framework to visualize and map energy and 
material flows onto Built Environment Life Cycle Analysis 

Naomi Keena1, Mohamed Aly Etman, Nancy Diniz, Alexandra Rempel, Anna 
Dyson 

1Rensselaer Polytechnic Institute, New York, NY 
 

Architecture directly contributes to climate change factors by shaping material 
and energy flows within the built environment. However, current architectural 
practice is limited in its consideration and understanding of these flows typically 
focusing on the building’s operational energy requirements while failing to 
account for renewable sources (sun, rain, wind) within conventional Life Cycle 
Assessment and Embodied Energy analyses. However, Emergy Evaluation 
methods could provide this criteria through emergy indicators such as: 1) the 
hierarchy of energy flows in the system; 2) the ability of the system to self-
organize through feedback loops; and 3) the interconnectedness of a building 
within its environment. Conversely, the current process of collecting and 
calculating material and energy data and subsequently measuring the emergy 
indicators, is cumbersome, thereby reducing its accessibility to architects and 
other building design professionals. This research aims to develop a new 
framework which will map the emergy indicators of architectural designs, 
showing how they can inform an ecosystemic design approach through the use 
of data visualization. In an attempt to show how the framework can be used to 
design more ecologically compatible systems relationships for the built 
environment, we use emergy analysis as a means to compare the envelopes of 
two single family residences: one using standard construction, the other 
embedded with CASE systems for energy, air and water handling, which have 
been designed and developed based on ecological principles. Through this 
framework we analyze the potential for emergy indicators to lead to more 
informed built environment design decisions. 

 

Build-Em: An integrated emergy and environmental accounting tool for 
buildings 

Ravi S. Srinivasan1, Utsav Parakh1, Daniel Campbell2, Joseph Burgett3, Jiaxuan 
Li1, William Braham4, Jaskaran Nagi5 

1Rinker, Sr. School of Construction Management, Univ. of Florida, Gainesville, FL 
2 U.S. Environmental Protection Agency, Narragansett, RI. 

3Clemson University, Clemson, SC. 
4Department of Architecture, University of Pennsylvania, Philadelphia, PA 

5Computer & Info Science & Engineering, University of Florida, Gainesville, FL 
 

We introduce a novel web-based tool, BuildEm, which with a single input 
(building material quantities) calculates a series of outputs offering insights into 
the building’s embodied energy (TJs), emission (SOx, NOx, CO2, etc.), emergy 
(sej), and impacts to human health and ecosystem services. These outputs are 
displayed for various stages of a built environment namely Product, 
Construction, Use, End-of-Life stages. Moreover, these results are broken down 
into various building components per Construction Specification Institute’s 
categories namely Concrete, Masonry, Metals, Woods Plastics and Composites, 
Thermal and Moisture Protection, etc. BuildEm tool will aid design professionals 
with a clear understanding of the sustainable choices at hand at a very early 
stage in the design process. 
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The varieties of building E[m]ergy Intensity 
William Braham 

Department of Architecture, University of Pennsylvania, Philadelphia, PA, USA 
 

One of the enduring problems of environmental building design is the 
determination of meaningful norms or points of comparison for evaluation. 
Building energy use is typically normalized to floor area and compared to 
buildings of similar types of use in similar climates. This provides a valuable tool 
for analyzing building operation, but reveals little about building construction 
and completely obscures the effects of building size or location. Using the 
techniques of e[m]ergy synthesis exposes the full environmental costs and 
interconnections of buildings and provides a more comprehensive basis for 
evaluation. Over the last 3 years, students at Penn have developed e[m]ergy 
models of houses and apartments from around the world, using standardized 
calculations and the division of resource use into three broad categories-- 
Shelter, Setting, and Site—distinguishing between the resources used to modify 
the climate (shelter), support the activities of work and living (setting), and 
address the issues of location (Site). The selection includes many variations in 
size, types of construction, climate, and wealth, captured in revealing e[m]ergy 
diagrams. Preliminary results are reviewed. The results of the standard 
normalization in e[m]ergy intensity per square meter revealed tremendous 
variations reflecting differences in construction and age (one building was 250 
years old!). The normalization per occupant produced a more consistent result, 
reflecting the variations in wealth of the households or cites. A more detailed 
breakdown of intensity by the three categories shows the larger amount of 
resource flows involved with the activities of the occupants, reminding us that it 
is much easier to engineer buildings than it is to engineer the occupants. 
 

Form of information: Power, efficiency, and the resilience of building form 
Hwang Yi, William Braham 

Department of Architecture, University of Pennsylvania, Philadelphia, PA, USA 
 

The maximum e[m]power principle and e[m]ergy synthesis help answer the 
enduring question of environmental architecture: how and why do some 
buildings last longer than others? Or in the elegant phrase of Alfred Lotka, what 
explains, “the persistence of stable forms?” The systems developmental model 
based on e[m]power gain teaches us that sustainable building is achieved with a 
symbiotic balance between efficiency and inefficiency regardless of scale. In 
endeavoring to extend the maximum e[m]power principle to environmental 
building design, this study seeks to identify the ecological implications of design 
actions and occupant activities for energy flow management, focusing initially 
on the building envelope. A building is an ecosystem of material, energy, and 
information, and the envelope fashions the “form of information”. The 
organizational power of the form is revealed through its capacity to channel and 
memorize a dynamic arrangement of materials and energies. To understand this 
capability of building form, an e[m]ergy-network analysis is combined with 
Shannon’s information metrics to characterize the ecosystem attributes - power, 
efficiency, and resilience - of building’s organizational complexity. Theoretical 
reconciliation between the Odum’s e[m]power and Ulanowicz’s indeterminacy 
indices (System Capacity, Redundancy, and Average Mutual Information) is 
explored, and the results of hypothetical experiment are presented for a generic 
building envelope model. Findings reveal a ground rule for the ecological 
interpretation of building information, thereby leading to a new suggestion for 
sustainable building design. 
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An emergy approach to investigate the environmental load and sustainability 
of urban systems  

Silvio Viglia, Dario Felice Civitillo, Gianluca Cacciapuoti, Sergio Ulgiati 
Department of Science and Technology, “Parthenope” University of Naples, Italy 
 

Cities are considered the engine of economic development and human 
wellbeing, but their dynamics is highly dependent upon the convergence of large 
flows of material and energy resources from outside. Assessing their resource 
metabolism becomes increasingly crucial for sustainability planning. We applied 
the Emergy Accounting (EMA) method to assess the environmental sustainability 
of four municipalities in the province of Napoli, characterized by different size 
and surrounding environment. EMA was used to quantify the environmental 
support required for the urban metabolism, in terms of resource generation and 
ecosystem services supply. We also calculated, for comparison purposes, the 
cumulative energy consumption required on local and global scales to support 
the city life and economy and the airborne emissions generated at local and 
global scales. Combining emergy and emissions results, a new metric was 
designed and discussed to estimate the environmental impact and the 
sustainability of cities, in order to implement comprehensive, emergy-based 
sustainability indicators and suggest criteria for resource use at urban level. A 
city’s support area to buffer upstream and downstream environmental loading 
is therefore calculated. Relative and absolute sustainability concepts are 
introduced and discussed, showing how far the investigated cities are from an 
environmentally sustainable state and how to measure the success of 
improvement strategies. Practices are suggested as an exit strategy from the 
present intensive fossil powered economy towards a higher level of 
environmental sustainability and wellbeing. 
 
13:45 – 15:50       Session 3 ~ Regional & National Sustainability 
 

Páramo de Gerrero´s sustainability - An emergy approximation 
Camilo Ernesto Buitrago Soto  

Universidad Nacional de Colombia, Bogotá, Colombia 
 

An emergy evaluation for the Páramo de Guerrero (a high altitude Andean 
system located in Cundinamarca province, Colombia) and its principal productive 
systems was performed, through a method that emerged from thermodynamic 
laws and systems theory, and allowed comparing ecological and cultural systems 
by using the same unit. The use intensity of Páramo de Guerrero´s emergy 
sources varies spatially, but in general terms it is dependent on non-renewable 
material sources (30,8%), its renovability reaches 8,6%; its emergy yield ratio 
(EYR) is 2,7 and its emergy flow is 7,45E+20sej/yr. Great losses of ecosystems 
(3,7E+19sej/yr) and soil organic matter (2,1E+20sej/yr) are estimated. Water 
provision to neighbor systems was also calculated (4,65E+19sej/yr). The emergy 
stored in surface systems is bigger (5.723E+19 sej) than the emergy stoked in 
geological coal formations (2.028 E+19 sej). Additionally, changes on some 
relationships are identified in order to increase Páramo de Guerrero’s 
sustainability, as well as convergence points between emergy and others 
environmental approximations. 
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The input-state-output sustainability framework at the sub-national level: 
data collection, emergy evaluation and ranking of the 20 Italian regions 
Federico M. Pulselli1, Luca Coscieme2, Fabrizio Saladini1, Alessandro Sani1, 

Simone Bastianoni1 
1Ecodynamics Group, Dept. of Earth, Environmental and Physical Sciences, 

University of Siena, Itlay 
2Department of Zoology, Trinity College Dublin, The University of Dublin, Ireland 

 

The input-state-output sustainability framework is a tool that enables to 
consider different aspects of a system in combination with each other. Three 
dimensions are taken into account: the input indicates what is used by the 
system to develop; the state represents system organization; the output is what 
results from system functioning. In a regional area, for example, we can adopt a 
physics-based measure of the flows supporting the system (total material 
requirement, ecological footprint, energy, emergy), a socio-economic indicator 
for understanding the state of the society (employment or educational level, Gini 
index of income distribution), a money-based measure for the output (GDP, 
welfare measures). A three axis diagram is used to combine these measures 
without losing information. We propose the application of the framework to 
investigate the 20 Italian regions. These territories have different environmental, 
social and economic characteristics that will be translated into the position of 
each region in the 3D space, forming a “cloud” around average values. This 
framework thus reflects the environmental, social and economic aspects of a 
system, presented in a logical order, in such a way that the sustainability can be 
rationally depicted and assessed. Emergy evaluation plays a crucial role because 
it enables the inclusion of a large number of measurable aspects of resource use, 
and is a tool suitable for comparisons among systems. It also shows the 
characteristics of the physical basis for the society and the economy of a certain 
area. 
 

Emergy-based provincial sustainability evaluation and spatial development 
pattern analysis based on Global Emergy Database 

Gengyuan Liu, Zhifeng Yang, Yan Zhang, Linyu Xu, Lixiao Zhang, Sergio Ulgiati1 
School of Environment, Beijing Normal University, Beijing,, China 

Beijing Engineering Research Center for Watershed Environmental Restoration 
& Integrated Ecological Regulation, Beijing, China 

1Department of Science and Technology, Parthenope University of Naples, Italy 
 

Emergy evaluations at the provincial level provide unique insight into the 
resource basis of economic organization and the sustainability of ecological and 
economic system. Present evaluations towards the sustainable development 
among provinces in China mainly from the extra representative indexes, lacking 
an internal analysis of mechanism. The existing framework for emergy analysis 
at the national scale is well-defined with tables for quantifying and aggregating 
system inputs and computing indices to summarize condition. Thus, an overall 
emergy evaluation containing data from every province in China is highly 
needed. Baesd on NEAD (National Emergy Accounting Database), an emergy-
based provincial framework was proposed including five modules: renewable 
flows, internal transformations, indigenous nonrenewable extraction, imports 
and exports. However, the processes of gathering raw data necessary for tabular 
synthesis and applying consistent energy conversions and unit emergy values for 
translating physical flows to emergy units, needs to be re-standardized on a 
provincial scale. In addition, inconsistencies among data sources at the provincial 
level can create problems on comparative analysis between provinces. Through 
exploring new methods in formalizing data sources and re-building the 
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accounting framework, we will develop a national emergy database containing 
the primary data, energy conversion ratios and unit emergy values needed to 
calculate provincial flows for recent decades for 34 provinces and municipalities 
to provide a powerful and credible comparative provincial emergy analysis in 
China. Last but not least, the analysis results will be ranked in order to find the 
most eco-friendly provinces as well as the most substantial development 
patterns. 
 

The emergy perspective of sustainable trends in Puerto Rico from 1960 to 
2013 

Alejandra González-Mejía, Xin (Cissy) Ma 
Sustainable Technology Division, National Risk Management Research 
Laboratory, US Environmental Protection Agency, Cincinnati, Ohio USA 

 
Energy-based emergy analysis quantifies direct and indirect nature contributions 
to human systems providing a sustainability assessment framework, which 
couples economic growth within their biophysical constraints.  In this study, 
Puerto Rico’s sustainability was assessed with emergy flow dynamics from 1960 
to 2013.  During this period, the island shifted from an agriculture-based 
economy (1960-1992) to an industrial base of manufacture and services.  The 
emergy analysis indicated an exponential decline in sustainability in the 1990s.  
The rapid industrialization heavily relied on imported fossil fuels, goods, and 
services, resulting in a system that has not been self-sufficient, nor sustainable, 
particularly since 2003.  The latest economic crisis is an opportunity to redirect 
Puerto Rico towards a sustainable path with policies that decrease the ratio of 
imported emergy to exported emergy, strategies that encourage efficient use of 
resources and local productions based on the utilization of renewable sources in 
this U.S. territory. 

 

E4-Emergy Evaluation of South Korea’s sustainability progression since 
signing the Kyoto Protocol 

Hun Park 
 Center for Energy and Environmental Policy at the University of Delaware, USA 
 
Since signing the Kyoto Protocol in 1998, the South Korean government has 
promoted a series of climate policy instruments by implementing five 
comprehensive measure plans. “Have these plans been effective in addressing 
issues caused by or related with climate change and promoting overall 
sustainability in South Korea?” To assess the progression of sustainability since 
the country began to develop those policy measures, this study adopted a 
conceptual framework of sustainability, which is called the ‘E4’ (economy, 
energy, environment, & equity) approach. To test whether each of the four 
aspects of the E4 sustainability has been improving or declining, a specific 
method named the ‘E4-Emergy evaluation’ was devised. The E4-Emergy 
evaluation is based on emergy (spelled with an “m”) accounting system that is 
expected to better assess a country’s sustainability in terms of its economy, 
energy, the environment, and equity than can be obtained from the 
conventional energy accounts. Results of the evaluation were classified into each 
of the four ‘E’ sustainability categories. The indices and indicators synthesized 
from the results are compared with key well-known sustainability indicators that 
are produced from conventional energy accounting methods. In addition, the 
results of the E4-Emergy evaluation were compared with those of 9 countries 
that have comparable emergy studies. After the evaluation and comparison, a 
number of policy implications are identified. 
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16:15 – 17:55                Session 4 ~ Conceptual Approaches 
 
 

A step outward: Urbanization, land teleconnection, and emergy 
Shu-Li Huang 

 

The complex urban system and dynamic energetic flows among local, regional, 
and global processes imply that there are inevitable linkages between urban and 
nonurban areas which in turn have land use implications. Urbanization has been 
regarded as a place-based increase of population and urban expansion and 
assumed sharp and distinguishable boundaries between urban and non-urban 
areas. Urban sustainability initiatives often focused on the characteristics and 
operation of a city while ignoring the process of urbanization that might have 
effects on places and people distant away from the city being studied. Urban 
land teleconnections is a process-based conceptualization that intertwines land 
use and urbanization by linking places through processes. Global flows of 
commodities, capital, people, and provision of ecosystem services can be 
captured by land connections. Adopting the concept of land teleconnections 
could help rethinking and reorient the approach of urban sustainability. This 
paper proposes that spatially explicit emergy synthesis can be approached to 
identify links between urban processes and land change. The environmental 
implications of energy flows related teleconnections in the urbanization process 
can be explored through appropriate emergy indices. By focusing on the 
teleconnections between resource producing and urban consuming regions, it is 
possible to associate the pressure on ecosystems with energy inflows and 
outflows. Hence, the emergy approach can provide an entrance point to reveal 
how changes in one place result in ecological and economic changes elsewhere 
driven by the metabolic analysis of resource and energy flows. 
 

 
Emergy applications in urban planning and regenerative systems landscape 

design  
Daniel Bergquist1 and Torbjörn Rydberg2 

1Swedish University of Agricultural Sciences, Uppsala, Sweden 
2Beras International Foundation, Södertälje, Sweden; Strängnäs, Sweden   

 

Though the number of urban districts with sustainability ambitions is growing 
worldwide, it is not clear to what extent such areas achieve environmental and 
resource efficiency. From a holistic perspective, global rebound and 
displacement effects are equally likely consequences of urban “sustainable” 
development. The literature is inconclusive about how far technological and 
architectural measures alone can address global sustainable development. 
Investigating the relative importance of, and the relation between, urban 
lifestyles vis-a-vis the built environment is crucial for planning toward 
sustainability. Furthermore, efficiency improvements in construction processes 
and buildings´ functions potentially impact socio-economic factors in society. For 
example, when improvements reduce consumption, this might reduce tax base 
and otherwise affect the welfare systems, as well as other life-sustaining services 
that are directly and indirectly necessary for the process. Widening the system 
boundaries of time and space, we therefore identify a need for urban planning 
that enables the built environment to compensate for society´s potential lost tax 
revenues, in addition to delivering physical sites for accommodation. Hence it 
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becomes important to create multifunctional urban landscapes that maximize 
power by simultaneously delivering functions such as housing, recreation and 
food production, as well as other social and cultural values. We discuss if 
sustainability ambitions in urban districts result in quantifiable progression 
towards resource-efficiency at both urban district level and aggregate scales of 
society and environment. We deploy an interdisciplinary theoretical and 
analytical approach, in which urban districts are conceived as nested systems 
landscapes with both direct and indirect linkages to other systems at multiple 
scales, where biophysical and socio-economic processes are entangled. This 
approach is operationalized by means of emergy synthesis, and applied in a case 
study at urban district level in Sweden. The case is used in order to discuss 
general consequences of urban transition on different levels in society. 

 
 

The “Emerging Quality” of self-organizing systems, when modeled according 
to the Maximum Ordinality Principle, offers a radically new perspective to 

modern science 
Corrado Giannantoni 

Ex-ENEA Researcher&Consultant of Duchenne Parent Project Onlus, Rome, Italy 
 

Self-Organizing Systems and their “emerging properties” began to be 
studied by L. Boltzmann toward the end of XIX century. Several other Authors 
(e.g. A. Lotka) dealt with such a theme. However, Self-Organizing Systems 
received the most significant contribution by H.T. Odum (from 1955 on), with 
the genial introduction of a more appropriate formal language. The 
consequential faithful developments of Odum’s approach have led us to the 
formulation of a unique general Principle, the Maximum Ordinality Principle 
(M.O.P.), which is able to describe, by itself, the behavior of any given System as 
a Self-Organizing System: both “non-living” Systems, “living” Systems and 
“thinking” Systems too (e.g. Human Systems). Such a conclusion then results as 
being deeply different from that of Modern Science, which, from Newton on, is 
persistently orientated at describing any known system as it were a 
“mechanism”. The present paper, after having synthetically recalled the 
fundamental steps that led us to the formulation of the M.O.P. and after having 
pointed out its corresponding advantages, will focus on the intrinsic new 
perspective offered by the M.O.P., especially in thinking, decision making and 
acting. In particular, with reference to any form of relationship between Man 
and his surrounding Environment. In this respect, the basic differences between 
the two afore-mentioned perspectives will be brought out by comparing, on the 
one hand, “side effects” (related to the traditional approach) and, on the other 
hand, “Emerging Exits” (specifically pertaining to the new approach). 
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What can Emergy tell about food: the impact of diets  

 Simone Bastianoni, V. Niccolucci, N. Patrizi, M.A. Algeri and N. Marchettini 
Ecodynamics Group, University of Siena 

 

About 20% of the overall emergy supporting an average Italian (expressed in sej 
yr-1person-1) is currently reserved for consumption of food. Due to the increasing 
relevance of this component, this study is aimed at highlighting the dietary habits 
of Italians from an emergy perspective. The Italian Health Ministry suggests 2000 
kcal as the optimum average daily dietary energy requirement. An ideal diet 
should also be as much as possible varied and nutritionally balanced, i.e. based 
on the consumption of food groups, as illustrated by the food pyramid 
(“Mediterranean diet”).  We carried out an emergy evaluation of the top 50 food 
products consumed in Italy. For most of these products, since data were not 
available, an ex novo emergy evaluation has been performed. In this way we 
collected a set of UEVs that, measured in sej/g, grow according to the level in the 
food pyramid, suggesting that food that should be consumed more frequently, 
have a higher efficiency in the transformation from (direct and indirect) solar 
energy to food mass. The UEVs are then used to estimate the emergy flow 
necessary for the current Italian food consumption and compared with those 
that would originate following an ideal Mediterranean diet. 
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Friday, January 8, 2016 Ballrooms A & E (concurrent) 
 

8:00 - 10:05  Session 5 ~ Alternative Power Generation 
(*Ballroom A*) 

 

 

Environmental sustainability of a biomass-electricity-spirulina linked carbon-
negative economy model in China: An emergy analysis 

 

Lixiao Zhang1, Mingyue Pang1, Sergio Ulgiati2, Gengyuan Liu1, Zhifeng Yang1 
1School of Environment, Beijing Normal University, Beijing, China 

2Department of Environmental Sciences, Parthenope University of Naples 
 

 

With the increasing concerns over climate change, various pathways have been 
explored to reduce carbon emission such as the deployment of renewable 
energy and nuclear power. Among these attempts, biomass in combination with 
carbon capture and storage (CCS) is regarded as one of the few technologies that 
can remove CO2 from the atmosphere and achieve negative emissions, which 
forms a brand-new economy model and attracts much attention worldwide, i.e., 
the carbon-negative economy. The Maowusu biomass power plant, located in 
the Maowusu sandy land in Inner Mongolia of China, is such a good example, 
which uses spirulina to capture CO2 from burning biomass and forms the carbon-
negative industry chain of biomass-electricity-spirulina. However, negative 
carbon emission does not necessarily characterize an outstanding environmental 
sustainability. Its environmental performance remains to be unknown. Thus, 
emergy analysis was applied in this study to evaluate the sustainability of the 
carbon-negative system from the viewpoint of biosphere. The results revealed 
that the overall environmental performance of the system tends to be worse 
with the extension of the industry chain, from the simple biomass system to the 
biomass-electricity system as well as to the integrated biomass-electricity-
spirulina system. The integrated system is not sustainable in the long run even if 
it is evaluated based on the theoretical operation. Worse still, the integrated 
system suffers from the poor engagement between each two subsystems in the 
practical operation, i.e., insufficient biomass supply and unstable CO2 capture 
efficiency. These barricades further deteriorate the already poor environmental 
performance of the system, suggesting that delicate management is of particular 
importance to strengthen the system sustainability. The results in this study 
indicate that negative emission should not be the only target, whereas more 
systematic assessment is also required during the design of carbon-negative 
industry chains. 
 

Emergy Accounting evaluation of power generation from animal by products 
Remo Santagata1, Maddalena Ripa1, Silvio Viglia1, Sergio Ulgiati1,2 

1Department of Science and Technology, Parthenope University of Naples, Italy 
2School of Environment, Beijing Normal University, China 

 

With the exponential growth of human population and the technological 
development observed since the industrial revolution, the amount of waste 
produced has continued to grow. Production processes release a wide range of 
materials that are most often considered “waste”. The linear path “extraction-
production-consumption-waste”, imposed by humans to a planet where all 
material flows are instead circular, has become unsustainable. The deal now is 
to understand the potential value of these “by-products”, in order to exploit 
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them in the most effective way, thus addressing issues of resource shortage and 
environmental impact. Indeed, using the right technology, these by-products 
may become valuable substrates for material and energy production. This study 
investigates the recovery of energy from animal waste, a strategy dealing at the 
same time with concerns about energy savings and waste management. The so-
called “category 3” by-products (as defined by the EC/2002/1774 Directive), 
including slaughtered livestock residues not intended for human consumption, 
are processed by a Company named PROTEG, located in Campania region (Italy), 
for 5 MWh power generation. The slaughterhouse waste undergoes a rendering 
process to separate meal and fat, then the latter is combusted as fuel in a co-
generation plant to produce electricity and heat, while the former is sent to a 
animal feed production process, within a circular economy and technology 
framework. In this paper, a careful investigation of the process is performed by 
means of Emergy Synthesis in order to evaluate the benefits and the 
environmental load of the process in terms of yield versus demand for 
ecosystem services and natural capital depletion. Furthermore, the case study 
offers the chance to explore the internal and external implications of specific 
methodological assumptions when the emergy theoretical framework tackles 
waste management systems. 
 

Integrated ex-ante emergy evaluation of agro-industrial sector in small island 
Stan Selbonne1, Killian Chary1, Aurélie Wilfart2, Loïc Guinde1, Jorge Sierra1, 

Jean-Marc Blazy1 

1INRA, ASTRO Agrosystèmes tropicaux, Petit-Bourg (Guadeloupe), France 
2Agrocampus Ouest, UMR Sol Agro et hydrosystème Spatialisation, Rennes, 

France 
 

Different types of biomass resources can be valorised through direct or indirect 
combustion to generate bioenergy in the form of power or heat. Biomass 
sources include wood from forest logging or residues from its industrial 
transformation, agricultural wastes and short rotation energy crops.  If biomass 
has the potential to become one of the main global sources of primary 
renewable energy in the 21st century, its sustainability can be challenged in 
some cases of exploitation. In this study we used the EMERGY evaluation method 
to investigate bioenergy production of a hypothetical agro-industrial sector in 
Guadeloupe for electricity production through a combined heat and power (CHP) 
plant. An important feature was that the CHP plant will be implanted in a rural 
zone with the aim to develop industrial activity and so no heat could be valorise 
during this development phase.   In the baseline scenario, this system integrated 
70% of local “fibercane”, 25% of imported wood (pellet) and 5% of local bagasse 
for energy production through a combined heat and power plant (CHP) and thus 
the cogeneration of heat and electricity. The UEV calculated for the electricity 
was 3.11E+05 seJ/J, and the percentage of renewability of the bioenergy 
production system was 30%, much higher than fossil fuels-based electricity 
generation process, mainly due to the renewability of the combusted wood 
biomass. The three other Emergy-based indicators calculated for the plant 
resulted as follows: the Emergy Yield Ratio (1.12), the Environment Loading Ratio 
(2.31), and the Emergy Sustainability Index (0.48). The main findings of the study 
highlighted (1) how this alternative source and technology process could 
improve the sustainability of local energy production, (2) the key role of 
biomasses on the sustainability of electricity proved through evaluation of three 
alternative scenarios, (3) the fact that nitrogen fertilizer is the most important 
problem for “fibercane” sustainability, (4) that in our case study, small CHP plant 
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can be more sustainable than bigger structures, (5)  utility of an indicator 
(Renewable Efficiency Indicator) integrating transformity and renewability in 
order to facilitate comparison of efficiency between two products. 
 

Net emergy assessment of wind-electricity generation in the Brazilian 
northeast region 

Márcio Costa, Feni Agostinho 
Paulista University (UNIP), São Paulo, Brazil 

 

The search for energy alternatives to fossil fuel is increasing along years, in which 
wind energy receives an important role in a global future scenario mostly 
dependent on renewable energy. Specifically for Brazil, federal government is 
promoting wind-electricity production in its territory, mainly in the Northeast 
region that possesses the best natural conditions. However, although assuming 
this kind of electricity as renewable, it still demands high investments in material, 
energy, labor and information for components manufacturing, transportation, 
installation and maintenance. This claims for studies to verify its real 
effectiveness in providing net emergy (with an “m”) to societal development. 
This work aims to assess the net emergy of wind-electricity generated in 
“Chapada do Araripe”, Piaui state, Brazil. The wind-energy complex has 195MW 
through its 115 wind-turbines that occupies 2,588 ha of land. Results show that 
wind-electricity generated by the assessed system has better global efficiency 
(43,300 seJ/J) compared to other usual sources for electricity production (i.e. 
hydropower, fossil oil, natural gas, nuclear and biomass; ranging from 104,664 
to 391,440 seJ/J); this reinforces its usage in a world with reduced resources 
availability. Regarding the net emergy, the value of 1.32 seJ/seJ obtained for the 
emergy yield ratio (EYR) indicates that wind-electricity complex evaluated is 
feeding back a surplus of 0.32 seJ to society. Although providing a positive net 
emergy, it has lower performance than hydroelectricity with EYR of 5.41 seJ/seJ, 
which raises doubt about its real effectiveness in replacing the current 
hydroelectricity produced and used in Brazil. 
 

Characterization of heat demand using an emergy-based indicator for 
sustainability increase 

Stefano Coss 
Ecole des Mines de Nantes, Nantes, France 

Industrial energy demand supply through renewable energy technologies-and 
resources is gaining increasingly important for both industrial companies and 
legal institutions. Decision and strategy makers both in public and private 
institutions seek to include renewable energy through developing sustainable 
energy services. One example is the integration of biomass-fired plants in the 
heating sector through district heating network. The characteristic heat demand 
of the consumers connected to such a network influences the sustainability of 
the heat generation process. In order to characterize the heat demand, a new 
indicator is developed which is able to describe the sustainability of the heat 
demand using an emergy-based metric. A biomass-based heating system is 
studied using this indicator to evaluate the emergy performance, where 
different scenarios are compared. Results show that the new indicator is able to 
measure both different initial consumer characteristic and measures for demand 
side management. Furthermore, capital investments for demand management 
measures are directly deduced from the proposed approach for increasing the 
sustainability of this energy service. 
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8:00 - 10:05 Session 6 ~ Agricultural Systems 
(*Ballroom E*) 

 
 

Productivity of an agricultural production system based on Emergy Footprint  
Hanne Østergård 

 

Dept. of Chemical and Biochemical Engineering, Technical University of 
Denmark, Lyngby, Denmark 

 
 

In a future biobased economy, land will become a very important resource for 
providing the required bioresources. Emergy assessment is especially 
appropriate for assessing resource use in agricultural systems, as they build on 
interactions between natural and social systems. Different ways of converting 
use of emergy into use of land have been suggested based on the idea that land 
is required for capturing the flow-limited renewable bioresources. Specifically, 
different indicators have been defined, which account for the land area needed, 
if agricultural systems were to be supported solely on renewable sources. As 
resources are coming from different parts of the world, application of renewable 
empower densities specific to location may be optimal. Here, an Emergy 
Footprint in ha (EmF) is defined, which convert site-specific resource use into 
area equivalents able to capture renewable flows. A spatial division between on-
site, local and non-local land areas identifies where the support area is located 
in order to apply a site-specific renewable empower density. A new indicator 
applying the EmF is the emergy overshoot factor, which estimates the ratio 
between EmF and the geographical system boundary. At the global level, this 
may be compared to the planetary equivalents calculated from the Ecological 
Footprint. At the agricultural system level, EmF may be used to calculate 
productivity in mass or energy per ha of the ‘real’ area occupied and compare 
this to the productivity per directly observed area. Examples of such 
comparisons will be given. 

 

Spatial emergy analysis of agricultural land: Does fragmentation matter?  
Ying-Chieh Lee 

Lee-Ming Institute of Technology, New Taipei City, Taiwan 
 

More than one sixth of agricultural lands in Taiwan’s western plain has been 
converted to other uses during 1971 to 2006 due to the rapidly developed 
industry and high population density. The loss of farmland ultimately results in 
the reduction and degradation not only of its food production function but also 
of many other agro-ecosystem services. This research incorporates emergy 
synthesis to evaluate the changes in ecological energetic flows of agricultural 
system in each township of the western coastal plain in Taiwan during 1971 and 
2006. Landscape metrics are chosen to study the agricultural landscape change 
in each township of the western coastal plain in Taiwan. Ecological energetic 
analysis and landscape metrics are applied in this research to study the 
relationship between farmland fragmentation and energy flows in agro-
energetic system. The results show that the fragmentation of farmlands tends to 
intensify the inflow of goods and services for agro-system in most townships. 
Besides, agro-environment with irregular farmlands aggravates environmental 
loading. 
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Circulating agriculture and low carbon development based on the emergy 
theory - A case study of Xingyuan circulating agriculture demonstration base 

in Fuqing City, Fujian  
 

Xiaobin Dong, Xiaohuan Hu, Xuechao Wang 
 

State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing; 
College of Resources Science and Technology, Beijing Normal University, China 

 
A low-carbon economy, which is characterized by low energy consumption and 
low carbon emission, has been proposed to deal with climate change and tension 
over energy sources. Agriculture production, which is closely related to human 
development, has gradually become a significant carbon source rather than a 
carbon sink, as was previously understood. Therefore, it is a common view that 
we need to develop low-carbon agriculture. Circulating agriculture is a 
management practice realizing the concept of low carbon development. In this 
study, the emergy analysis method was partially modified and applied to 
evaluate the low carbon development in Xingyuan circulating agriculture 
demonstration base of Fujian Province. The circulating system featured as ‘pig 
farm - firedamp pool - compost production - cultivation’ shows good trends of 
low carbon development and good economic benefits for the company. The 
potential of low-carbon agriculture in China in the future is also discussed, all of 
which could be helpful in making the right decision for low-carbon agriculture 
policies. 

 
 

An emergy analysis of a dehydrated sugar-cane juice as powder process 
 

Alberto E. Calvo1, Armando Diaz Concepción1, Emir Cabrera Rodríguez2, José 
Gandón Hernández1, Yoel Hernández Barrios2  

1Higher polytechnic Institute “José Antonio Echeverria” (The Havana Technical 
University), Cuba 

2Instituto Cubano de Investigaciones de los Derivados de la Caña de Azúcar 
(ICIDCA) 

 

The dehydrated sugar-cane juice as powder is a new solution for healthy 
sweeteners. It is worldwide known about the increasing of the natural food 
preference day by day. Sugar Cuban industry and its diversification plans have 
an active participation on the manufacture of healthy sweeteners, like different 
kind of sugars and dehydrated sugar-cane juice as powder. The technological 
process of this last product needs concentration of the sugar-cane fresh juices 
and after a drying process. Suitable conditions such as environmental 
temperature and humidity and an adequate air speed should be guaranteed in 
the storage. This last patented process is studied using the environmental 
accounting in order to have the right energy saving and environmental answer. 
The results are discussed and recommendations were made, of how to carry out 
to the factory application. 
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Future scenario modelling and resilience indicators. A case study of small-

scale food and energy production in a village in Ghana 
Andreas Kamp, Hanne Østergård 

 

State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing; 
College of Resources Science and Technology, Beijing Normal University, China 

 
 

The Prosperous Way Down (PWD) view envisions an imminent decrease in 
the availability of fossil energy associated with a radical transition to a low-
energy world. Resilient systems may persevere in this process, while others 
succumb to the significantly constrained conditions of a low energy world. 
Finding a PWD implies knowledge about specific resilience characteristics of 
systems and about specific future conditions. Quantitative resilience indicators 
and systematic scenario analysis constitute two methodological developments 
of Emergy Assessment which will be considered. 

The Emergy Sustainability Index (ESI = EYR/ELR) indicates that a system is 
sustainable if it makes good use of external input without compromising 
dependence on renewable inputs. This sustainability perspective can be 
supplemented with an emergy resilience indicator set that includes biophysical 
efficiency (the UEV), dependence on stock-unlimited flows (renewability 
fraction), and dependence on local inputs (autonomy). 

Societal contexts influence modelling parameters, e.g. through changed 
efficiencies, altered supply chains, and increased or reduced availability of inputs 
including labor. Making decision that are valid in the future therefore implies 
adjusting analyses to reflect possible future conditions. Future narratives may be 
expressed in terms of modelling parameters (UEV adjustment factors, 
renewability and local supply fractions) for specific input categories, enabling 
systematic, scenario-dependent emergy assessment. 

We demonstrate this approach in an emergy assessment of four 
technologies for small-scale, combined food and energy production in Ghana 
under future societal conditions envisioned in four narratives. The assessment 
of resilience with the suggested indicator set shows only minor differences 
between technologies under present conditions or in a ‘Green Tech’ scenario. In 
more radical energy descent scenarios, biogas and agroforestry technologies 
stand out as more resilient to reduced access to external inputs, including 
embodied labor. 
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10:20 - 12:00    Session 7 ~ Waste Recovery & Recycling 
(*Ballroom A*) 

 

Nutrient recovery from municipal wastewater for sustainable food 
production systems: An alternative to traditional fertilizers  

Alejandra González-Mejía1, Xin (Cissy) Ma1, Jay Garland2, Jennifer Cashdollar2 
1Sustainable Technology Division, National Risk Management Research 

Laboratory, US EPA, Cincinnati, Ohio 
2Microbiological and Chemical Exposure Assessment Research Division, National 

Exposure Research Laboratory, US EPA, Cincinnati, Ohio 
 

Traditional water management has often employed end-of-pipe approaches to 
address “water” issues. Different engineering and management instruments 
separately target water resources, use, treatment, and disposal; disregarding the 
benefits of integrating ecosystem services to water and food production 
systems. For instance, municipal wastewater management exclusively focus on 
removing harmful substances. This approach of removal and disposal requires a 
high investment of energy and materials, and neglects the prospective 
advantages of transformation and reuse of these constituents in wastewater. 
One such constituent of importance is phosphorus in wastewater stream.  
Phosphorus comes from the metabolites of food digestion, which is extracted 
from phosphate rock and ultimately used in fertilizer for food production.  It is 
estimated that phosphate rock, however, could be depleted in this century 
which would lead to global food crisis.  Thus, in order to holistically develop 
sustainable water systems integrated to ecosystems services (i.e., phosphorous 
resources), this research evaluates fertilizer production from struvite (i.e., 
magnesium ammonium phosphate hexahydrate, MgNH4PO4.6H2O) that is 
generated from mixed wastewater.  Further, this study compares the struvite 
production against traditional commercial fertilizers (e.g., diammonium 
phosphate).  Emergy is used to provide system analysis including energy use, 
nutrient/eutrophication reduction, revenue stream, and whole system 
efficiency. This emergy analysis quantifies the direct and indirect contributions, 
including the phosphorus rock formation, to the entire supply chain for both 
fertilizer production processes. The study shed light on the feasibility of nutrient 
recovery, potential revenue from struvite, crop yields of the fertilizer, and its 
uptake efficiency and use through theoretical evaluation and full-scale 
operations.  The results of this research demonstrated that nutrient recovery 
from municipal wastewater is a sustainable alternative for water and food 
production systems management. 
 
 

Developing recovery antipollution policies: Emergy synthesis of China’s Huai 
River pollution reduction  

Dan Zhu 
College of Design, Construction and Planning, University of Florida 

 

This study examines the pollution dynamics caused by human activities in the 
Huai River Basin, China, the relationship between human systems and natural 
systems, and how mitigation policy affects the pollution dynamics of the Huai 
River. The main objective of this research is to analyze the current conditions 
and to develop a revised pollution mitigation policy based on Emergy Synthesis. 
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To demonstrate that successful river pollution treatment governance and 
regulation experiences are possible, alternative models from three different 
locations are incorporated into this assessment. In addition, a distinct feature of 
this study is that the Pollutant Empower Density Index analyzed the 19 pollutants 
impact standard. It has normalize and simplified the water pollution control in a 
greater picture. Furthermore, Pollutant Empower Density based Mass Balance 
Diagram are calculated for the Huai River to reveal answers to the high mortality 
cancer rate and its relation of pollutant amount. In the end, three policy revisions 
to the current Temporary Regulations on Pollution Prevention and Control of 
Huai River Basin (1995) are proposed in terms of future regulation, clarification 
of a mitigation target, and governance cooperation. New policy 
recommendations are also suggested specifically to focus on domestic, 
agriculture and industry pollution treatment. The mitigation plan in this research 
will improve the implementation of the Huai River antipollution policies. These 
polices can provide the guidelines for policy makers, local governors, water 
experts, and residents not only in the Huai River Basin, but also can be apply to 
wider range of water issue in other developing countries. 
 
 

Sustainability evaluation of end-of-life vehicle recycling based on emergy 
analysis: A case study of an end-of-life vehicle recycling enterprise in China 

Yuxue Pan, Haitao Li 
Key Lab. of Land Surface Pattern and Simulation, Inst. of Geographical Sciences 
and Natural Resources Research, Chinese Academy of Sciences, Beijing, China 

 

As issues on “circular economy” and “sustainable development” have been 
advocated globally, the recycling, reuse, recovery or disposal of ELVs have gained 
more and more attention. The toxic substances and wasted resources within 
ELVs make evaluating the sustainability of ELV recycling enterprises to be 
especially important for sound ELV management. In this study, an improved 
emergy analysis with traditional and revised emergy indices was conducted to 
evaluate the efficiency and sustainability of ELV recycling enterprises. To identify 
the technical level of the enterprise, two new indices (the emergy recovery ratio 
and quotes for emergy recyclability) were introduced. One ELV recycling 
enterprise in Jiangxi Province, China, as a case, was studied employing the 
proposed method and indicator system. The results showed that the enterprises 
involved in the study had strong competitive ability with relatively high economic 
benefit, and had a moderate environmental impact compared with other 
industrial systems. The ESI index indicated that the recycling system was both 
economically and environmentally sustainable in the long term.  However, the 
emergy technical efficiency indices indicated that the technical level and 
operational efficiency of the ELV recycling enterprises were relatively low and 
more investment should be put on the improvement of the recycling 
technologies.  The results of the study can provide useful information for the 
decision makers to manage ELV recycling enterprises considering is not only the 
economic benefits but also the environmental benefits in the long term. 
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Evaluation of c-Si PV panels end-of-life based on emergy accounting: a case 
study in Italy 

 

Maddalena Ripa1, Fabiana Corcelli1, Sergio Ulgiati1,2 

 
1 Department of Science and Technology, Parthenope University of Naples, Italy 

2 School of Environment, Beijing Normal University, China 
 

Although photovoltaic (PV) technology has been projected as one of the most 
promising candidates to replace conventional fossil based power plants, the 
potential disadvantages of the PV panels end-of-life (EoL) have not been 
thoroughly evaluated. The current challenge concerning PV technology resides 
in making them efficient and competitive in comparison with traditional ones 
without neglecting the appraisal of EoL impacts.  Indeed, considering the fast 
growth of the market of PV panels, the amount of PV waste to be handled and 
disposed of is expected to grow drastically. Therefore, there is a real need to 
develop effective and sustainable processes to address the recycle of the 
growing number of decommissioned PV panels. Nevertheless, envisaging a 
sustainability perspective, this task must be accomplished from a wider and 
holistic viewpoint, properly including all of the system’s direct and indirect 
interactions with the environment. This paper presents an ecological accounting 
framework based on emergy analysis method. The analysis is applied to an 
innovative recovery/recycling process, i.e. thermal treatment, aiming at 
separating PV cells from the glass, through the removal of the EVA (Ethylene 
Vynil Acetate) layer. The analysis is based on actual lab scale data, making it one 
of the very first of its kind to be presented to the scientific community, and 
therefore worth of special attention as a preliminary indication of the future 
environmental impact entailed in the up-scaling of c-Si PV module EoL. 
Furthermore this paper confirms that the application of the Emergy Accounting 
method provides a comprehensive perspective, by highlighting the direct and 
indirect contribution in terms of natural capital and environmental services to 
the process operation and suggesting improvements to the EoL PV management.
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10:20 - 12:00   Session 8 ~ Approaches in Economics & 
                        Finance (*Ballroom E*) 
 
 
 
 

 

Information cycles in the financial industry  
Tom Abel 

Human Development, Tzu Chi University, Hualien, Taiwan 
 

The information cycle has been applied to information forms of many kinds, 
including genetics, conversations, social media, television, ritual, education, 
science, law, and technology. In the world today, the financial industries have 
assumed dominant positions in globalized economies. New forms of financial 
technologies are appearing alongside older forms of banking and investing.  This 
paper will apply the information cycle to the production and maintenance of 
information in the financial system. It will then expand on earlier work on 
technologies by incorporating financial information within a broader application 
of the information cycle to technology. 
 

 

 

 

Emergy analysis and emergy indices for the US economy using the emergy/co-
emergy method 

Stephen Tennenbaum 
Dept. of Mathematics, George Washington Univ., Washington, DC, USA 

 

In order to demonstrate the use of the emergy/co-emergy method, input-output 
national accounts data for the USA from the World Input-Output Database 
(WIOD) and inputs from the National Environmental Accounting Database 
(NEAD) were used to analyze emergy inputs to 35 aggregated sectors of the US 
economy. Emergies, transformities, and some emergy use & sustainability 
indices are reported. Some principles relating to cycling, co-production, and 
comparisons are discussed. 
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Energy network science: metrics for assessing a regenerative economy 
Brian Fath1, Dan Fiscus2, Sally Goerner3, Robert Ulanowicz4, John Fullerton3 

 

1Department of Biological Sciences, Towson University, Towson, Maryland, USA 
2Frostburg State University, Frostburg, Maryland, USA 

3The Capital Institute, Greenwich, CT, USA 
4University of Florida, Gainesville, FL, USA 

 
Recent findings in Energy Network Analysis suggests that risk and resilience in 
socio-economic systems follow similar mathematical laws as risk and resilience 
in complex systems such as ecosystems and living organisms.  The aim is to find 
common patterns and features of these socio-economic systems and living 
systems in order to develop more robust and regenerative economic 
structures.  We recently developed a list of 10 key measures of systemic 
economic health, which includes measures of flow (1. Robust cross-scale 
circulation, 2. Regenerative return flows, 3. Reliable Inputs, and 4. Healthy 
outflows), measures of human factors (5. Degree of mutualism, 6. Constructive 
vs exploitative, 7. Adaptability), and measures of structure (8. Number and 
diversity of roles, 9. Distribution of sizes, incomes or resources, 10. Balance of 
efficiency & resilience).  Each of these 10 measures has a corresponding 
quantitative network metric.  In this research, we present preliminary results 
applying these measures to national scale economic data for United States, 
France, and China. 
 
 

Emergy and Econophysics 
Dennis G. Collins 

Retired, University of Puerto Rico- Mayaguez 
 

This talk discusses the relationship between Emergy theory and recent attempts 
to bring physics theory into economics and social science, as for example the 
2006 book Econophysics and Sociophysics: Trends and Perspectives by B.K and A. 
Chakrabarti and A, Chatterjee (Eds.). 
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13:00 – 14:15  Session 9 ~ Aquatic Systems 
(*Ballroom A*) 

  

Emergy analysis of coastal systems influenced by upwelling in northern Chile: 
Estimation of ecological-economic sustainability at multiple scales 

Fernando Berrios Robles1, Dan Campbell2 
1Universidad de Antofagasta, Antofagasta Chile 

2USEPA, ORD, NHEERL, AED, Narragansett, RI, USA 
 

Numerous studies carried out in a variety of environments have suggested that 
coastal marine systems generate a variety of goods and services for humanity. 
However, in recent decades there has been a marked degradation of these 
ecosystems, as well as over-exploitation of natural resources. Within the coastal 
systems of Chile, problems related to the sustainability of fisheries, aquaculture 
and industrial activities, so far have only generated solutions that seek to 
manage and protect certain species without considering the ecosystems of 
which they form a part. In general, management measures related to the 
protection of the coastal zone have not considered sustainability that emerges 
from the integration of ecosystem, environmental and economic components 
within a systemic framework. This is one of the main reasons used to explain the 
poor results obtained after the implementation of La Rinconada Marine Reserve 
in Antofagasta Bay. Northern Chile is characterized by the presence of coastal 
upwelling that supports marine ecosystems of importance for fisheries and 
industrial activities, as well as for the conservation and preservation of 
biodiversity. This coastal area supports important artisanal benthic fisheries and 
numerous industrial complexes featuring thermoelectric plants, mineral 
shipping ports, acid and fisheries plants. These economic activities have 
generated significant pressure on the goods and services generated by marine 
systems and at present a complete analysis of the costs and benefits of these 
productive activities has not been performed. In this study, emergy evaluation 
was used to assess the overall sustainability of three coastal systems in northern 
Chile influenced by upwelling (Mejillones, Antofagasta and Tongoy Bays). The 
environmental, ecological and economic contributions of the coastal marine 
ecosystems to the local, regional and national economies were assessed. 
 

Emergy analysis of an urban water system 
Sam Arden 

Center for Environmental Policy, University of Florida, Gainesville, FL 
 

The current urban water management paradigm of providing water supply, 
sanitation and drainage services through independently operated, centralized 
and highly engineered systems is being increasingly recognized as unsustainable. 
This has led many to argue for a new, more integrated approach, though there 
remain substantial barriers to the transition from conceptual idea to operational 
system. For example, a key component of urban water system (UWS) 
sustainability is resource consumption; a system that uses less nonrenewable 
resources is going to be more sustainable. This paper provides a total resource 
use evaluation of an existing, case study UWS using emergy analysis, an 
approach which can account for monetary and non-monetary (i.e. total resource 
use) costs using a systems-level comprehensive framework. First, an emergy 
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analysis is conducted at the process scale for the built components of a full UWS, 
from drinking water treatment and distribution to stormwater and wastewater 
collection and treatment. These data are then scaled up and incorporated into 
an emergy analysis of a case study UWS, where natural and built system 
components can be evaluated together. Results show that emergy inputs to the 
built environment largely outweigh inputs to the natural environment. 
Furthermore, the system-level approach shows how interaction of water flows 
between the built and natural environments is not only limited, but what 
interactions do exist (e.g. stormwater runoff, distribution system leakage) only 
exacerbate resource demands downstream (e.g. more stormwater, more 
resources required for treatment). In addition to pointing out system 
inefficiencies, methodological shortcomings and future research questions, 
results of this analysis can be used as a benchmark to compare the resource-use 
sustainability of future UWS configurations, informing policy and guiding the 
transition to a more integrated and sustainable UWS. 
 
 

Emergy and (eco-)exergy as indicators for sustainable management of aquatic 
biomasses in two Italian lagoons 

Fabiana Morandi1,*, Søren Nors Nielsen2, Silvia Focardi1, Antonietta Specchiulli3, 
Raffaele D’adamo3, Simone Bastianoni1 

1 Ecodynamics Group, University of Siena, Italy 
2 Aalborg University-Copenhagen, Copenhagen SV, Denmark. 

3  National Research Council - Institute of Marine Science, Lesina (FG), Italy 
 

Large quantities of residual aquatic biomasses are spontaneously and 
continuously increasing in brackish lagoon systems with a high level of 
eutrophication due the anthropogenic pressure. Such large amounts of 
biomasses can represent a serious problem for the ecosystem’s survival. The two 
Italian lagoons of Orbetello and Lesina constitute real examples in which the 
production’s level of spontaneous aquatic biomasses, respectively macroalgae 
and common reeds, is very high. Emergy and eco-exergy are two 
thermodynamic-based indicators that in this paper have been used to assess the 
environmental performance and the ecosystem health of the two lagoons. In 
particular, the eco-exergy to emergy flow ratio has been considered to 
understand the efficiency of these ecosystems in terms of build up biomass. To 
ensure the survival of the two lagoons, both algae and reeds are periodically 
harvested in Orbetello and Lesina. Since the harvested biomasses are considered 
waste, they are collected in landfills near the lagoons. In this work different 
proposals on how to handle both macroalgae and reeds are suggested. In 
particular, the obvious possibility to use these biomasses as feedstock for 
producing biofuels is analyzed by considering different scenarios. By using 
emergy and eco-exergy methodologies, the environmental sustainability of the 
scenarios have been performed to see which one represents the best solution. 
Then, to have a perspective of how these proposals can remain valid over the 
years, the variation over the time of the eco-exergy to emergy flow ratio has 
been calculated for each scenario. In this way, a general picture of how the 
ecosystems respond if there are some changes in the inputs with regard to their 
self-organization is obtained.  
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13:00 – 14:00    Session 10 ~ Emergy and Environs 
     (*Ballroom E*) 

  
 

Emergy and Environ Analysis: What Insights and Understandings Might 
Network Environ Analysis (Nea) Bring to the Emergy Concept and 

Applications? 
Bernard C. Patten  

Odum School of Ecology, University of Georgia, Athens, Georgia 30602, USA 
 
 

HT’s original conception began with his vision of “embodied energy” in 
energy transfer networks.  The study of transactional (conservative 
energy/matter storage and flow) networks in ecology has advanced greatly since 
those early days.  Network environ analysis (NEA) developed at UGA over 40+ 
years is one of the approaches to the larger field of ecological network analysis 
(ENA).  Environs are within-system environments, dual input and output 
environments, of system-level components.  Because they are encompassed by 
and fully described within the system description (mathematical), they become 
available to explore environ theory’s motivating question—“What is 
environment?”  Input environs move substance through system networks from 
boundary inputs to outputs.  Output environs trace back the origins of boundary 
outputs to inputs.  Study of the relations of these within-system structures to 
emergy concerns output environs (although computing exit-referenced 
emergies in input environs could be interesting also).  Stocks or flows within 
given environs are unique, differing for each different point of boundary entry 
because pathways leading from different origins to any focal interior stocks or 
flows differ.  This makes within-environ emergies unique for each environ, and 
the aggregate empirical emergy is a composition of these overall output 
environs.  Rigorous computation of emergy in environs is thus needed to be able 
to compute empirical emergies rigorously also, and it is these the real world 
encompasses and are thus of interest in applications. 

Using a small scale ecosystem energy storage and flow model for 
illustration, this paper will: (1) describe the environ concept and (briefly) its 
mathematical formulation; (2) identify five modes of conservative substance 
transfer from boundary inputs to outputs; (3) quantify and exhibit the environs 
within the example system; (4) compute the emergies of flows and storages in 
each of these environs; and then (5) compute the empirical emergies as 
aggregate compositions of these.   

Results will be compared with those from other studies, both theoretical 
and applied. 
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Poster Session ~ Ustler Hall 
 

Emergy evaluation of cover cultivation within a soybean crop sequence in 
Argentina’s Pampas Region  

Jorgelina Asmus1, M.H. Mallqui2, S.Bacigaluppo1, F. Salvagiotti1, Gloria Rótolo1 

 1 National Institute of Agricultural Technology, Oliveros, Argentina 
2 Catholic University of Argentina (UCA), Rosario, Argentina 

 

Soybean crop has spread in Argentina since the 80s, mainly in the Pampas 
Region. It occupies 50% of the cultivated land, and soybean grain and oil 
represent 18.5% of agricultural exports. Implementation of technological 
innovations such as the use of genetically modified varieties (mainly glyphosate 
resistant plants), no-tillage practices as well as a greater use of agrochemicals 
have contributed to its intensification and expansion, mainly as monoculture. 
During these three decades of agricultural intensification, ecosystem services 
threated, erosion of biodiversity, natural capital and environment have been 
reported.  In the last years, the increasing global demand for food, fiber and bio-
fuels, and the consequent increasing concern for preserving or restoring 
ecosystems health, different crops system management have been studied in 
the region, for instance the use of cover crops. These practices are mainly aimed 
to preserve natural capital. The impact of cover crops inclusion in soybean-based 
rotations on the environment requires to be analyzed by a new approach. 
Emergy analysis was used as a suitable method for analyzing these systems since 
it provides holistic basis to contribute with management decisions as well as 
policies capable of supporting long-term sustainability. It allows not only a better 
understanding of an integral analysis of the system performance but also to 
identify critical points for resource use and environmental sustainability. The 
objective of this study was to compare resource use and environmental support 
of annual soybean and soybean combined with cover crop in an annual sequence 
in two moments along nine years. 
 

Emergy didactics in sustainable urban development and planning   
Daniel Berquist 

 Swedish University of Agricultural Sciences (SLU), Uppsala, Sweden 
 

This paper reflects on some recent and ongoing emergy applications in 
sustainable urban development and planning. Preliminary results and lessons 
learnt in a research and collaboration project in Sweden are discussed, where 
emergy researchers, urban planners and practitioners co-develop an emergy 
based planning tool to assess, visualize and communicate dependencies of urban 
districts on systems at larger scales of society and environment. In this project, 
findings from emergy evaluations of an urban district in Uppsala, Sweden are 
used to develop mutual understandings of biophysical implications as well as 
influencing institutional factors; i.e. opportunities, constraints, motives and 
actions, which together shape the planning process and are ultimately translated 
into practical solutions in the built environment. Whereas the aim in this project 
is thus primarily to support decision making and sustainability assessment of 
urban districts, the paper brings attention to didactic implications of more 
general importance for anyone working in the borderland between emergy 
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research and policy. To make such transdisciplinary activities successful – i.e. to 
reach practitioners when communicating emergy research findings – the paper 
also looks for inspiration in didactic research on wicked problems and education 
for sustainable development (ESD). Relevant cognitive processes and concepts 
are identified, to highlight crucial matters and explore possible approaches for 
more effective didactics when applying the emergy concept in policy and 
practice. 
 

Evaluation of the ecological integrity and ecosystem health of three benthic 
networks influenced by coastal upwelling in the northern Chile   

Fernando Berrios Robles1, Daniel E. Campbell2, Marco Ortiz1 
 

 1Universidad de Antofagasta, Antofagasta Chile 
2USEPA, ORD, NHEERL, AED, Narragansett, RI, USA 

 

The ecological health of ecosystems relates to the maintenance or restoration of 
optimal system function when confronted with a disturbance. A healthy 
ecosystem is a prerequisite for ecological sustainability. Ecological integrity has 
been defined as an emergent property of ecosystems that is greatest when all 
the components of a system that should be there based on the emergy signature 
received by the ecosystem are there, and ecosystem health as the state in which 
all of the processes operating within the complete system of components are 
functioning at the optimum efficiency for maximum empower. Other scientists 
have suggested evaluating ecological health through changes in the emergy, 
empower, and transformity of different biotic and abiotic elements of 
ecosystems. The coastal area of northern Chile is characterized by waters rich in 
nutrients and of low oxygen concentration derived from coastal upwelling; and, 
in recent years, health assessments of the benthic systems in Mejillones, 
Antofagasta and Tongoy Bays have been made using systemic analysis of 
networks and information. However, the perspective of Energy Systems Theory 
and Emergy Analysis have not been used to assess the health status of benthic 
ecosystems. Following this approach, we evaluated the changes in the structure, 
organization and functional capacity of local systems caused by fishing and 
industrial activities. Benthic ecosystem responses to perturbation were 
evaluated in terms of changes in available energy flows, empower, and 
transformity in the network of three benthic ecological systems (Mejillones, 
Antofagasta and Tongoy Bays). In addition, the resilience of commercially 
important resources in response to disturbances (i.e., increased fishing and 
industrial activities) was assessed by means of emergy analysis and simulation 
models of the health of these benthic ecosystems. 
 

Emergy diagnosis of land-use change and recovery proposal for an area in the 
Brazilian Cerrado 

Luz S. Buller1, Enrique Ortega1, Ivan Bergier2 
1State University of Campinas, São Paulo, Brazil 

2Brazilian Ag. Research Corporation, Corumbá, Mato Grosso do Sul, Brazil 
 

In recent decades, Brazil has been noted for its agricultural vocation and 
consolidated its participation in the agricultural commodity market especially, 
beef and soybean. This status was achieved through various government 
development programs established from the 70s in order to expand the 
agricultural frontier into the Cerrado biome. Brazilian consolidation and leading 
role in the global agricultural commodities was carried out at the expense of 
massive deforestation of the Cerrado and its replacement by monocultures had 
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led to significant biodiversity and ecosystem services losses. This work presents 
for São Gabriel do Oeste, in the Cerrado/Pantanal border, the diagnosis of land-
use changes since the 60s, when there was predominance of native vegetation, 
up to the present, when most of the Cerrado was replaced by monocultures. 
Deforestation pressure, accompanied by the increased use and dependence on 
fossil resources, is reflected in the emergy indicators behavior from the 60s to 
the current decade: %Ren drops from 94% to 17%, ELR from 0.06 to 5, EYR from 
16 to 2, EIR rises from 0.06 to 0.72. All emergy indicators show a drastic reduction 
in sustainability and a major inefficiency in the use of resources along the 
expansion of agriculture in Cerrado. This assessment was complemented with a 
recovery proposal of the tree element and native vegetation in agricultural 
ecosystems through the adoption of agroforestry systems. The proposal was 
designed to gradually expand agroforestry aiming to recover ecosystem services 
and biodiversity in the agroecosystem, while maintaining the productivity and 
profitability to farm owners. In a scenario of full adoption of agroforestry, %Ren 
reaches 77%, ELR reaches 0.29, EYR is 5 and EIR 0.23. 
 

Real profitability assessment of the spare parts and equipment recovery 
(Remanufacturing) by welding 

Alberto Calvo González, Tiel García Hernández 
Higher polytechnic Institute “José Antonio Echeverria” Havana Technical 

University, Cuba 
 

The spare parts and equipments recovery methods by welding, has caused 
rapidly gaining in importance since many years ago. In our country it has been 
due, mainly by two fundamental reasons: the economic difficulties in acquiring 
spare parts, and also, because the considerable money savings claimed about 
these recovery methods. In the last years the spare parts and equipments 
recovery doesn't only mean money saving, but also energy saving, that 
contributes to decreasing the "greenhouse gases" emission. In recently 
published papers it has been expressed that it is not well quantified the 
environmental effect of spare parts recovery, from the energy consumption 
point of view, the materials used and others. The present paper is a first version 
of the assessment of profitability of spare part and equipment recovery 
(remanufacturing) using welding by means of eMergy (written with ̈ m¨) method 
analysis. The study cases are six types of spare parts, commonly recovered in 
shops of the national industry. The results, although considered as a preliminary, 
reflect the enormous convenience of recovering (remanufacturing) in these 
cases, due to the appreciable amount of energy and materials saved, from 
nature and also society. Recommendations are about the need of casuistically 
analysis have to be done in every case. 
 

A typical ¨panela¨ process production eMergy analysis 
Alberto Calvo González1, Inés Margarita Oviedo Jiménez2 

1Higher polytechnic Institute “José Antonio Echeverria” Havana Technical 
University, Cuba 

2Universidad Nacional de   Colombia, sede Bogotá 
 

The ¨panela¨ agro industry is one of the most important in Colombia. Its 
production ascends to 1.470.000 tons per year, which contributes with 7, 3% of 
the gross internal agricultural product (GDP), it links the 12% of economically 
active rural population, and is located as second world producer. Colombia is 
also the first consumer per capita with 37, 3 kg of ¨panela¨ for inhabitant per 
year; it uses the cane trash, by-product of the mill stage, as fuel to obtain the 



Friday, January 8, 2016 

37 

 

necessary energy for the ¨panela¨ production process. The panela is a product 
obtained from the sugar cane similar to crude sugar. At the moment this process 
faces energy inefficiency for many reasons. These inconveniences have 
repercussions in the ¨panela¨ production costs and it affects those who depend 
economically on this activity. The need of economically and environmentally 
enhancement is the objective of the study made in this work, putting special 
emphasis in finding the ways of improving the process, including the bagasse 
used as fuel storage. An analysis was made in a typical small factory. Many 
solutions are discussed and recommendations were specified. The solutions may 
vary if some differences exist in other similar factories. 
 

A re-examination of the emergy input to a system from the wind 
Dan Campbell, Laura Erban 

 United States Environmental Protection Agency, Narragansett, RI, USA 

 

With the establishment of a new, rigorously-determined, solar equivalence 
baseline for the geobiosphere, 12.0E+24 seJ y-1, it is now appropriate to 
reexamine the calculation of the emergy delivered by the major secondary 
products of the geobiosphere, e.g., wind and rainfall,  which are derived from 
the transformation of the solar equivalent joules supplied through the baseline.  
In this study, the methods for calculating the available energy of the wind 
dissipated in the planetary boundary layer are revisited and further elucidated.  
Particular consideration is given to the method used to estimate the geostrophic 
and gradient wind from measurements of surface wind and to the role of the 
drag coefficient in determining the available wind energy dissipated in the 
boundary layer (900 to 1000 mb or the lower 1000 m of the atmosphere) as it 
passes over various surfaces.  In addition, we made a more rigorous estimate of 
the transformity of the available wind energy dissipated in the planetary 
boundary layer based on a synthesis of the results from three evaluations of a 
model of the general circulation of the atmosphere. The rounded estimate of the 
transformity of the wind from these combined studies was 1230 sej J-1. We 
consider the variability of the transformity of the wind dissipated in the 
boundary layer between summer and winter and between the Northern and 
Southern hemispheres. We conclude that the properties of the system and its 
spatial and temporal boundaries will dictate the appropriate transformity to use 
for the wind in any particular evaluation; however, the average global value for 
general application is 1230 sej J-1.  
 

Clusters of high-transformity individuals 
Dennis Collins1, David Scienceman2 

 1Retired, University of Puerto Rico- Mayaguez 
2 New South Wales, Australia 

 

This poster studies different approaches to explain clusters of high-transformity 
individuals who create new paradigms: 1) Omori's law for earthquake 
aftershocks, 2) Michaelis-Menten enzyme kinetics, and 3) Conflict in History 
wavelets (Collins 1971).  Examples include Moses, Christianity, U.S. Founding 
Fathers, and Quantum Mechanics originators.  H.T. Odum considered the second 
approach in Chapter 10 (Loops) of Ecological and General Systems, 1983, 1994 
and David Scienceman asked if such feedback mechanisms could account for 
high transformity of individuals. 
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Gravitational and chemical emergy indicators for the crust using an evolving 
geobiosphere emergy baseline 

Christopher De Vilbiss 

Center for Environmental Policy, University of Florida, Gainesville, FL, USA 
 

I demonstrate a new method to calculate emergy indicators for crust. Crust, 
which is the oldest abiotic resource generated on Earth, embodies the 
geobiosphere emergy baseline (GEB). This GEB has changed during the genesis 
of crust, and so a dynamic GEB is applied to the crustal emergy. Further, this 
dynamic GEB utilizes a unique method of calculation which recognizes four 
sources to the geobiosphere. The crust is composed of at least gravitational and 
chemical potential energies (exergies). These two stocks of exergy become the 
numerator of gravitational and chemical crustal transformities. I use matrix 
algebra to calculate the co-solution of crustal gravitational and chemical 
transformities which may thus be added in a emergy accounting procedure. 
Examples demonstrate how to account chemical and physical emergy of crust in 
a system. 
 

Management technologies for MSW Treatment: Pyrolisis and plasma arc 
Geslaine Frimaio, Carlos Silva, Cecília Almeida 

IFAC, Federal Institute, Pouso Alegre/MG – Brazil 
 

The United Nations’ Agenda 21was one of the motivators that nations 
encouraged to adopt mitigation policies based on the principles of sustainable 
development of environmental impacts caused by Municipal Solid Waste (MSW). 
In this sense there was increase in the use of thermal treatment technologies 
processes for MSW treatments. This work uses emergy synthesis to analyze two 
treatment systems of MSW in Brazil: the Plasma Arc and the Pyrolisis system. 
The results show that the Plasma Arc recovers 117 times more joules of solar 
emergy than the Pyrolisis system and obtains 124 more emergy joules per gram 
of treated MSW. 
 

A multiple-perspective evaluation of Slovenian milk production sector and 
the alternatives to its reorganization  

Tina Kocjančič1, Marko Debeljak2, Jaka Žgajnar1, Luka Juvančič1  
1University of Ljubljana, Department of Animal Science, Domžale, Slovenija 

2Jozef Stefan Institute, Ljubljana, Slovenija 
 

This work presents a follow up of a preliminary analysis of socio-economic and 
emergy performance of nine dairy farm types in Slovenia (Jaklič at al., 2014). In 
this paper emergy based performance indicators are incorporated into standard 
socioeconomic optimisation model of milk production sector in Slovenia. The 
model developed is based on goal programming (GP) and aims to investigate a 
multiple-perspective evaluation of Slovenian milk production sector and the 
alternatives to its reorganisation. Specifically, it is applied to explore three 
scenarios of agricultural production planning that aim to reflect two opposing 
agro-political orientations (protectionist and eco-social) and their logical 
combination. The results show distinctive differences in the structure of the 
sector as well as their performance when pursuing protectionist or eco-social 
oriented targets (scenario1 and 2 respectively). The solution from the model that 
simultaneously considers the targets of both of the extreme approaches 
(scenario 3) shows to offer a compromise between their conflicting 
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requirements. Such results suggest that incorporation of emergy criterion into 
the optimisation model may results in a balanced production structure and more 
favourable economic and biophysical performance of the sector, which confirms 
complementarity of emergy and economic evaluation approaches in agricultural 
production planning. 
 

A novel approach to quantify the contribution of multiple regulating 
ecosystem services  

Tina Kocjančič1, Carlos Guerra2 
1University of Ljubljana, Department of Animal Science, Domžale, Slovenija 

Jozef Stefan Institute, Ljubljana, Slovenija 
2 Instituto de Ciências Agrárias e Ambientais Mediterrânicas Pólo da Mitra, 

Evora, Portugal 
 

Today, ecosystem service evaluations are seen as an important tool to support 
more sustainable development and nature conservation in managed areas. It is 
therefore important to understand the relation between land management and 
the provision of key ecosystem services. Also, in order to avoid double counting 
and to identify and differentiate between the benefits for the land manager and 
the externalities generated, it is fundamental to understand the combined 
provision of multiple ecosystem services by the same ecosystem service 
provider. To tackle this challenge the emergy based conceptual approach to the 
quantification of regulating ecosystem services is proposed. This new approach 
will discuss the basic concepts of emergy in the view of ecosystem service 
evaluations as well as propose a new analysis framework to make a system based 
combined assessment of ecosystem services. Finally, we discuss first the 
contribution of this framework in the scope of the existing ecosystem service 
assessment approaches and second the benefits that derive from the 
implementation of a system approach e.g. for policy design and the definition of 
payment schemes. 
 

Using GIS for emergy analysis 
Dong Joo Lee1, Kyung Min Park2 

 
1Department of Environmental Engineering Sciences, University of Florida 

2Department of Ecological Engineering, Pukyong National University, Korea  
Many studies are being done to improve the accuracy of Emergy analysis. One 
way is to improve the accuracy of the raw data itself. Raw data for most of the 
socio-economic components are well provided. However, the accuracy of the 
raw data for space based environmental components, such as sunlight, rainfall, 
wind, tide, and geothermal heat is limited and varies across countries depending 
on the number and distribution of data stations. GIS based raw data from models 
such as WRF (Weather Research and Forecasting) and SPECTRAL2 provide more 
accuracy than conventional weather stations. In this study, 1km x 1km solar 
radiation data provided by the National Institute of Meteorological Science 
(NIMS) of South Korea was used to determine the applicability of this method. 
As a result, the yearly average solar radiation calculated with GIS was about 96% 
of traditional method. The difference was driven from simply averaging the data 
of unevenly distributed weather stations and solar sensors. Furthermore, 
southern regions of South Korea have a high density of weather stations, leading 
over estimation of average solar radiation. Global GIS based solar, wind, and tide 
data are available; using these data will improve the accuracy of Emergy analysis 
in the future. 
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Influence of recent changes in the Polish economy on the structure, 
organization and energy flow of local human communities in the Tuchola 

Forest (N-W Poland) 
Anna Lewandowska-Czarnecka, Andrzej Nienartowicz  

Nicholaus Copernicus University, Torun, Poland 
There were investigated changes in the energy balance and energy flow 

through the community of the small forest village Asmus over the last 32 years. 
Those changes were induced mainly by management modifications introduced 
by the Forest Inspectorate Przymuszewo and by transformations in the Polish 
economy after 1989. The studied time horizon comprises four phases: 1 – before 
extension of the village and the development of the technical infrastructure by 
the Forest Inspectorate Przymuszewo (in 1983), 2 – an increase in the 
functioning efficiency of the installed devices (1989), 3 – stagnation caused by 
the economic depression and impoverishment of the society with efforts of the 
forest inspectorate to replace the heating system of the village with a more 
economical one (1994), 4 – adaptation of the local communities after the 
purchase of living quarters, lands and farm buildings, with the ownership title, 
from the forest inspectorate (phase since 1998 until now).  

In 1983 most of the buildings in the village were primitive homesteads. When 
studies were carried out in 1989, most of the old homesteads had been 
superseded by a modern residential estate with boiler house, heat distribution 
system and a sewage treatment plant. The population of the settlement in 1989 
had doubled in comparison with 1983 and the people’s conditions and lifestyle 
had changed from an older type to typical for high developed rural or even 
municipal communities. In the structure and functioning of the settlement those 
changes are characterized mainly by increase of urbanization, the drop in area 
of arable land and less intensity of agriculture and higher use of energy in 
households.  

The high consumption of energy by the local human community was the main 
cause of next changes in the village heating system which took place in 1994. 
They were based on decentralization of heating system by closing boiler house 
and introduction of separate central heating system in each flat. The energy 
consumption in the village of Asmus after changes in ownerships of land and 
social and agricultural infrastructure is also analyzed in the paper. 

The analysis was carried out in units of the direct energy and embodied solar 
energy, i.e. solar emergy. For some developmental phases of the village Asmus 
the Emergy Environmental Sustainability Index according to Brown and Ulgiati 
(1997) was calculated. 
 

LCA-based emergy evaluation of main wastewater treatment systems in 
Shenzhen, South China 

Linjun Li 1,2, Hongfang Lu3, David R. Tilley4, Guoyu Qiu1 
1School of Environment and Energy, Peking University, Shenzhen, China 

2Shenzhen State High-tech Industrial Innovation Centre, Shenzhen, China 
3South China Botanical Garden, Chinese Academy of Sciences, 

Guangzhou, China 
4University of Maryland, College Park, MD, US 

 

Wastewater treatment in China has rapidly developed and has possessed a 
variety of processing techniques. However, these processes have different 
designs and structures, and request different resource inputs, energy 
consumption and management costs, which may cause different treatment 
efficiencies, economic costs and environmental impacts. Thus, an integrated 
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ecological economic method is needed to comprehensively evaluate and 
compare the production efficiency, economic cost and environmental impact of 
different wastewater treatment processes, in order to provide some reference 
for the improvement of the existing plants and the construction of new plants. 
This paper firstly selected three main wastewater treatment systems in 
Shenzhen as study sites, and constructed a LCA-based emergy index system 
especially including Emergy Matching Ratio (EMR), Environmental Loading Ratio 
(ELR) and Emergy Sustainability Index (ESI). Secondly, based on this index system, 
these three wastewater treatment systems were evaluated and compared, and 
the results showed that they all had low ELRs (0.016~0.020) and high ESIs 
(2470~3631), and Plant A had the best integrated emergy characteristics 
because of its large wastewater treatment capacity. However, the removal of 
the pollutants in wastewater treatment should be considered into the evaluation 
of ELR. If so, the ESIs would be improved too much (22791~39755). Meanwhile, 
Plant B turned out the best integrated emergy characteristics because of its 
output with good water quality. Thirdly, by means of correlation analysis and 
regression analysis, we found that both the EMRs and ESIs significantly 
correlated with the wastewater treatment capacity (P<0.01), and they both 
increased with the increase of the latter. Finally, adding advanced wastewater 
and sludge treatment into wastewater treatment process can largely improve 
the integrated emergy characteristics. 
 
Time and Space Model of Urban Pollution Migration: A Correlation Analysis of 

the “cancer villages” in the Huaihe River Basin 
 

Gengyuan Liu1, Zhifeng Yang, John Crittenden, Brian D. Fath, Sergio Ulgiati  
 

1Schoolof Environment, Beijing Normal University, Beijing, China 
 

In recent years, news of “cancer villages” in the Huaihe River Basin filled front 
and back pages of newspapers and generated elevated concern among readers. 
This study aims to understand the relationship between the “cancer villages” and 
the “large cities” around them. A gravity model is constructed to analyze the 
correlation between “big cities” and “cancer villages” in terms of indices 
involving economic connections and pollution frequency. Direct and indirect 
environmental relationships between large cities and “cancer villages” are 
analyzed using ecological network analysis, in particular the utility analysis 
method. Results of the pollution-utility analysis showed that cities distant from 
“cancer villages” can also affect the county through indirect connections. Based 
on the pollution utility relationship, we found that “cancer villages” both affect 
and are affected by cities through indirect feedback relationships. It can be 
inferred that “cancer villages” have a high incidence of malignant disease not 
only because of the pollution from its surrounding cities but also because of the 
influence of far-away cities through a network of interactions. In this way, the 
pollution of “cancer villages” may be heightened with harmful consequences to 
population health. Considering these indirect connections, not all of the “cancer 
villages” are able to reduce their pollution by transferring it to another city or 
county because it can return through indirect pathways. The best approach 
would be to lower the pollution generation in the first place in order to prevent 
its impacts, as well as to at least partially mitigate them through more effective 
medical care. 
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Emergy evaluation for transmitting and sustaining shared information during 
an oral English class 

Daniel Lupinacci1, Silvia H. Bonilla,1,2  (Carlos Cezar da Silva) 
 

1Paulista University (UNIP), Sâo Paulo, Brazil 
2Federal Institute of Education, Science and Technology of Southern Minas 

Gerais, Inconfidentes,, Brazil 
 

Odum was the pioneer to account for information in emergy terms, and stated 
that the emergy required for an information flow or storage is the sum of the 
emergy contributions required to maintain the information cycle. He classified 
in four different kinds of information (I - Emergy for an information copy; II - 
emergy for extracting information; III - emergy for sustaining shared information 
and IV - emergy to develop useful information) and each kind requires one or 
many cycles. The present paper uses an approach analogous to that explored by 
Abel and calculated the emergy of an English class in a Brazilian foreign language 
school regarding kinds II and III information as well as their transformities. Since 
the class was mainly devoted to oral transferring of knowledge, human speech 
was considered as the information carrier. The transformities for kinds II 
(transmition) and III (sustaining) information corresponding to an oral English 
class are 5.532E+15 seJ/J and 8.30E+15 seJ/J, respectively. The characteristics 
and dynamic of the oral class, by means the number of students in each class, 
duration of the class, number of new topics introduced by class and the dynamic 
of repetition had great influence on the information transfomity values. Also 
teacher and students’ levels as well as the global resources converging into the 
school influences the emergy value of the kinds of information considered. 
 

Emergy evaluation of environmental costs for generating information in an 
Agricultural Institution of Argentina: Oliveros Agriculture Experimental 

Station, as case study 
Marina Hoyos Mallqui, Jorgelina Asmus, Julio M. Castellarin, Gloria Rótolo 

National Institute of Agricultural Technology, Oliveros, Argentina 
 

Research institutions are among the fundamental pillars of a country because 
they develop the scientific and technological knowledge helping to boost the 
economic and social development. Oliveros Agricultural Experimental Station 
belonging to the National Institute of Agricultural Technology in Argentina, 
performs investigations on yield, crop protection and fertilization, as well as 
management of the agricultural production in order to contribute to the solution 
of problems in the sector, within a framework of sustainability through research 
and extension. The final products of these investigations are: a) original 
information such as scientific articles, congress and seminar presentation; b) 
developed information (books, manuals), and c) knowledge transfer (workshops, 
courses, conferences). Since these products are non-measurable and difficult to 
compare in physical units, it was used a hierarchical matrix based on judgments 
and valuations for weighting the information produced by the Institution. The 
objective of this research was to assess the environmental cost for generating 
information, through emergy synthesis, a method that accounts the contribution 
of environment, society and economy, from a systemic and holistic approach. 
The results showed that total emergy contribution for producing 16.173 
weighing point of total information was 6.14E+19 seJ/yr when it is considered 
labor and services (L&S), where direct labor represented 98.9%. When L&S is not 
included within the accounting (U= 6.69E+17 seJ/yr), paper represents 75% of 
total emergy. Other indicators such as %Ren=6.48, ELR=14.44 and EYR=1.10 
without accounting for L&S indicate a reesearch activity with high emergy cost 
for direct labor and ELR when not considering L&S, as well as a low 
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environmental support. Even though, it is an activity that governments and 
society need to sustain, ways for decreasing the use of some inputs need to be 
found. 
 

The resource use efficiencies of energy crops seedlings 
Fabiana Morandi1, Elena Neri1, Annachiara Forte2, Angelo Fierro2, Riccardo 

Basosi3, Simone Bastianoni1 
 

1 Ecodynamics Group, University of Siena, Siena, Italy 
2 Department of Biology, University of Napoli Federico II, Italy 

3 Dept. of Biotechnology, Chemistry and Pharmacy, University of Siena, Italy 
 

The cultivation of energy crops, both woody and herbaceous, is increasing year 
by year due to the global demand to reduce the use of non-renewable sources 
for energy purposes. Short rotation forestry (SRF) and the cultivation of giant 
reed (Arundo donax) are the most common practices used to provide, 
lignocellulosic feedstock for energy processes. In connection with the increasing 
of these cultivations, the sustainability assessment of these crops is also 
increasing. Emergy assessment is one of the methods used for the sustainability 
evaluation of these systems and Unit Emergy Values (UEV) of seedlings are often 
missing. By considering data from Italian experimental fields, we have calculated 
the UEV of giant reed’s rhizomes and the UEV of seedlings of poplar (Populus 
Nigra), black locust (Robinia Pseudoacacia) and eucalyptus (Eucalyptus obliqua) 
that represent the three species mainly cultivated in SRF. Since, recently, the 
cultivation of tobacco has started to be considered also as potential energy crop, 
the UEV of tobacco’s seedlings have been estimated too. Tobacco’s seedlings are 
produced in a greenhouse starting from tobacco’s seeds while, concerning 
rhizomes and trees’ seedlings, the natural process has been considered as 
starting point of the iteration to calculate the UEV values. Results shows that 
among the trees species, eucalyptus seedlings have the best performance in 
terms of (eco)efficiency since they have the highest UEV compared to those of 
poplar and black locust. In terms of product’s quality, instead, giant reed’s 
rhizomes embody a larger amount of high qualitative energies per joule of 
product with respect to the trees seedlings. 
 

A limit to growth: drinking water model for the city of São Paulo 
Marina Oncken, Enrique Ortega 

 

School of Food Engineering, State University of Campinas, SP, Brasil 
 

The Cantareira System is a reservoir built 40 years ago to provide the population 
of São Paulo, the biggest city in South America, with high-quality consumptive 
water. The water basin committee provided public policy suggestions to ensure 
water provision for many years, but they were not followed by the State 
Government of São Paulo, that proceeded on giving concessions for water 
withdrawal to attend the increasing demand in the metropolitan region of São 
Paulo, regardless of the notified supply risks. As a result, the drought of 2014-
2015 brought water shortage to many areas of São Paulo, with arising public 
dissatisfaction and the risk of supply breakdown. The measures taken so far by 
the State Government were mainly for using up the water from the reservoir or 
transferring the resource from other reservoirs to the Cantareira System. The 
correct line of action, however, prioritizes integrated management of water 
resources and highlights restoring native vegetation to increase water capture 
by forested soil. Therefore, to support better decision-making, we made a first 
attempt to model the Cantareira System and its surroundings. The drinking 
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water model was implemented in Excel and EmSim and allows studying the 
effect of different public policies on the water level in the Cantareira. 
 

Prosperous Way Down: Task Forces 
Enrique Ortega, J.M. Gusman Ferraz, M. Bacic, R. Kassai, J. Campos, A. Costa, C. 

Prisco, M.P. Oncken, M. Paiva, I. Risio, R. Nogueira 
 

Ecological Engineering Laboratory, State University of Campinas, SP, Brasil 
 

The political project organized five hundred years ago by Eastern European 
Civilization for conquest, dominance and exploration of external territories, is 
now under deep crisis. It achieved its climax and gives signals of a climatic, 
ecological, and monetary collapse. It is time to gather forces and promote a 
change in a democratic and conscious way. Howard and Elizabeth Odum, in their 
book “The Prosperous Way Down: Principles and Policy”, suggested the 
organization of “task forces” to help people to face-up the next global change. 
The constitution of such kind of groups demands the identification, integration 
and organization of people with different life experiences and knowledges in 
open-minded groups that need to choose a research and extension project to 
concentrate their work efforts during some years. The integration and 
mobilization of this kind of groups is possible if the members have awareness of 
humankind extinction risks raised by the metropolis growth that depletes the 
ecological reserves mainly in the peripheral area. The success of a task force 
depends on public recognition of the existence of a serious ecological-
economical problem in a region, which demands actions for its solution. The task 
force demands a continuous feedback approach to improve its organization. It 
will be described the case of a transdisciplinary task force organized to make a 
critical study of a water basin system that is suffering with climate change 
phenomena derived from wrong philosophical and ethical attitudes at different 
human scales along time. 
 

NOOSPHERE: a mini-model  
Enrique Ortega, Marina P. Oncken  

 

Ecological Engineering Laboratory, State University of Campinas, SP, Brasil 
 

It was considered that the TWOSOURCE, EXCLUS and CO-OP mini-models 
prepared by H.T. Odum could be the basis for a new mini-model of the biosphere 
with a dominant population (the metropolis) depleting a dominated population 
(the peripheral system, with natural resources and biodiversity). We assume that 
this mini-model has the ability to change its psychological behavior and, 
therefore, we denominated it “noosphere”, the sphere of knowledge. The 
noosphere model accounts for two conditions of change in psychological 
behavior: one corresponding to the beginning of fossil fuel use by the metropolis, 
after there was enough time to develop the necessary technology, and the other 
corresponding to a change from excluding to collaborative relationship between 
the two populations. This is brought by the awareness of human kind extinction 
risks raised in the metropolis after its growth climax. The model was 
implemented in an Excel file, which allows changes in the parameters and 
observation of behavioral flexibility of populations aiming to survive, which could 
be used to assess policies for the prosperous way down proposed by H.T. Odum. 
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Assessing climate change vulnerability using emergy analysis in a case study 
of the Maemi Typhoon in Busan 

KyungMin Park, Suk Mo Lee 
Pukyoung National University, Busan, Republic of Korea 

 

Extreme events (i.e. typhoons, heat waves, droughts) caused by climate change 
are rapidly increasing in occurrence and negatively affecting overall ecosystems 
and socio-economic systems. Hence, it obviously contributes to hindering 
sustainable development of future generations. The extreme events impact 
depends on not simply physical scale but the degree of system’s exposure and 
vulnerability about those impacts (IPCC, 2012). Assessing vulnerability can be 
utilized as objective criteria of resource distribution of adaptive funds. Also, it 
can make the basis for an adaptation policy decision by getting knowledge from 
the primary vulnerable section. Previous vulnerability methodology using re-
scaling methods of normalization cease as a phenomenon diagnosis that is the 
simply summing up value of vulnerability components (exposure, sensitivity, 
adaptive capacity). It has statistical problems with extreme values of data and 
multicollinearity by correlation between various kinds of proxy variables (Yoo et 
al., 2008; Nardo et al., 2005).  To solve this, a systematically structured diagnosis 
is needed. From the perspective of system approach, each ingredient of 
vulnerability has a causal relationship and includes the flow of energy and 
material between nature and human society. Accordingly, it is possible to 
analyze it using common emergy units. (Chang and Huang, 2010). This paper 
analyzed climate change vulnerability using several emergy indices in a case 
study of the Maemi typhoon in Busan, Korea. 
 

Emergy evaluation of information. Media and ICT 
M. Piciocchi1, Silvio Viglia2  

1Department of Social Sciences, Federico II University of Naples, Italy 
2Department of Science and Technology, Parthenope University of Naples, Italy 

 

This study deals with the way the information concept can be further developed 
within the body of Emergy Accounting, in order to promote a discussion in the 
scientific community and overcome the difficulty embodied in the emergy 
approach to intangible and complex flows and products. Information is a 
complex notion, not easy to be defined operatively. Moreover it is studied by 
various academic disciplines providing diverse points of view and definitions. The 
different characteristics of information are therefore explored in a 
multidisciplinary perspective in order to identify the ones that are most suitable 
for an Emergy Accounting approach. A number of studies have already explored 
the possibility to quantify specific information flows in emergy terms. A review 
of these efforts is provided. The current development of the Information and 
Communication Technology stimulated a new social model of the Information 
Society and made available a huge amount of data about information 
communicated, stored and computed. According to this model, media play a 
major role among the variety of information flows. Our study stems from a 
research survey about production and consumption of information through 
media in United States in different years, performed by a network of US 
universities. The survey identifies three measures of media and information 
consumption: the number of hours that a consumer watched or listened to 
media, the number of words contained in that media and the number of bytes 
required to broadcast the news. These figures are used here to estimate an 
emergy value for the different ITC channels (television, print media, radio, 
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phone, computer, movies, music). Results are interpreted to discuss the specific 
characteristics of each media focusing on their quality. 
 
Emergy synthesis used to characterize the agroecosystem as a component of 

a typical product quality. Case: Binational IG construcción for Argentine 
Mesopotamian Center and Brazilian Alto Camaquã sheep meat 

Alderete Salas S1., Borba M. 2; Rótolo G3., Champredonde M.4 
1INTA, EEA Catamarca. Ruta Prov. Sumalao, Valle Viejo, Catamarca 

2EMBRAPA Pecuaria  Sul. Rio Grande do Sul, Brasil 
3INTA, EEA Oliveros. Santa Fé. Argentina 

4INTA, AER Pigüe, EEA Bordenave. Bs.As. Argentina 
 

In order to establish link between local products and territory, researchers from 
EMBRAPA Brazil and INTA Argentina have developed a project for the 
construction a binational Geographical Indication enhance the value of sheep 
meat. Among the subjects to investigate was included the agroecosystem 
assessment as a component of quality (largely symbolic) of the product, as seals 
as Geographical Indication (Designation of Origin and Geographical Indication), 
eventouh they do not always consider the creation and preservation of 
agroecosystem.  The consumers erroneous belief indicate that seals protect the 
agroecosystem. This paper proposes to mobilize the emergy synthesis as a 
methodology for characterizing efficiency and permanence of agroecosystems 
from Mesopotamian Center of Argentina and Alto Camaquã in Brazil. These 
agroecosystem are the source sheep meat in valorization process, as a result of 
local communities practices on the environmental. The information of 
production systems was taken by surveys in boths territories and then 
processed. The results indicate that the use of Emergy Synthesis allowed to 
identify that the Renewability percentage (% R), Environmental loading ratio 
(ELR) and Emergy yield ratio (EYR), can communicate the interaction between 
local community and nature that originate sheep meat agroecosystem. Those 
indices confirm that agoecosystem in the both territories show similar 
performance and help to  preserve local biodiversity. These indices allows to give 
technical support to the differentiation processes through seals based on quality 
aspects  that  become the agroecosystems under study an heritage. 
 

The Jewish pattern of history, Maxwell's Demon and Maximum Empower 
David Scienceman1, Dennis Collins2 

1 New South Wales, Australia 2Retired, University of Puerto Rico- Mayaguez 
Bertrand Russell summarised the ancient Jewish pattern of history with a 
formula applied by Saint Augustine and Karl Marx. H.T. Odum recently provided 
some modern energy systems models for history, including ancient Greece, 
Rome and Egypt, and some possible world future scenarios. In Ecological and 
General Systems (page 517) H.T. Odum wrote “…simulations of the main 
transformations of history. This is certainly one of the least developed scientific 
endeavours, possibly inhibited by the widely prevalent belief that history is not 
deterministic.” Hans J. Eysenck, (psychologist) introduced his theory that the 
spectrum of political attitudes requires description by two major dimensions, the 
radical (L) versus conservative (R) and tough (To) versus tender (Te) mindedness. 
This model was further developed by Eysenck’s student, Glenn D. Wilson 
(psychologist) to incorporate a generalised fear of uncertainty. Eysenck also 
introduced his paradox of socialism theorem and Eysenck's demon. 
Subsequently, Gordon Rattray-Taylor (psychoanalyst) expanded that theory to 
introduce his theory of matrist and patrist societies, not to be confused with 
matriarchal and patriarchal societies. Eysenck finally applied his theory by 
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speculating on the history of ancient Greece and Rome. This article applies his 
theory to even more ancient Egypt, in particular to the conflict between the Aton 
and Amon ideologies and supporters at the time of Pharaoh Akhenaton, and asks 
if it throws light on the origins of the mysterious Moses. It compares the 
pessimistic views of Sigmund Freud with the optimistic views of Max I. Dimont, 
author of the “Jews, God and History”. Independently, Howard T. Odum 
explained Maxwell's demon as natural selection as described by Charles Darwin 
in relation to self-organisation and the maximum empower principle. We 
combine all these theories by asking if the extraordinary role of the Jewish 
people in history as the Chosen People is an example of the operation of 
hierarchy, choices, commonness and rarity as described by H.T. Odum, drawing 
on the models presented here. 
 

Emergy Environmental Analysis of Mirorós Irrigated Perimeter – Bahia 
Carlos Cezar Silva1, A. Frimaio2, G. Frimaio3, K. Tagliaferro1 

1IFSULDEMINAS, São Paulo, Brazil; 2Paulista University;3IFAC 
 

In this study it was carried an emergy synthesis to calculated of the 
environmental cost of transporting water to the irrigated perimeter in 
Mirorós/BA. The studied irrigation project is located in Ibipeba (Bahia state) and 
obtains its water supply through the Green River. Through the environmental 
indicators calculated according to the methodology emerged, we can analyze the 
studied system and contribute to updating emergy accounting that has been 
carried out with the use of transformities of inputs in nature. The results of the 
indicators show a good performance of the system, with little overhead on the 
environment as it requires a higher proportion of renewable resources, non-
renewable and natural resources in relation to paid resources. The irrigation 
water’s UEV calculated was 8.97x1013 sej/m3, this value is 1.73x109 times bigger 
than rain’s UEV. In fact in some regions of Brazil there is need to use irrigation 
water a plantations, and this UEV must be considered to determine the 
environmental impacts of these plantations using irrigation water. 
 
Land use change and Natural Capital emergy analysis - a case study of Miyun 

reservoir 
Xuechao Wang, Nachuan Lu, Hejie Wei, Xiaobin Dong  

Key Laboratory of Earth Surface Processes and Resource Ecology & 
College of Resources Science and Technology, Beijing Normal University, China 

 

Understanding the relationship between land use change and natural capital 
protection is always important for scientific decision making. Miyun Reservoir as 
a huge engineering with various functions of flood control, irrigation, water 
supply, electricity generation, tourism, etc. plays key roles in sustaining the 
biosphere including economy and society of Beijing.. Based on the data in the 
last 30 years and the “3S”technology，we analyzed the land use change in 1987, 
1998 and 2013 and results shows that the forest area accounted for more than 
63% of the total area which was mainly caused by policies such as “returning 
farmland to forest and grassland”. On the contrary, due to the increasing of 
economy development and the demand for land, the area of unexploited land 
decreases continuously. Moreover, the most high-profile water area shows a 
trend of pulsing chaning, which was caused by the climate change and rainfall. 
In addition, a donor system of value based on solar emergy and ecological 
economics are suggested as the means to evaluate the main capitals and services 
of Miyun Reservoir. The results shows that the values of main capitals are 
RMB218×108 yuan,the total values of main services from 1960 to 2014 are 
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623×108 yuan RMB. Recently, the value of services of tourism,water supply and 
fishery products were 37×108 yuan RMB/yr.In order to sustain the function of 
Miyun Reservoir and provide a basis for the sustainable development of Beijing 
,this paper suggests compensation funding should be 12×108 yuan RMB per year 
for all related activity such as the operation, conservation and development of 
Miyun Reservoir. 
 
Potential of combining Emergy and Ecological Network Analysis for studying 

ecosystem function 
Lucía Zarbá1, Mark Brown2 

1Universidad Nacional de Tucumán, San Miguel de Tucumán, Argentina 
2Center for Environmental Policy, University of Florida, Gainesville, FL, USA 

 

Ecosystem functioning depends in part on system level emergent properties that 
can only be captured through holistic approaches that recognize their complex 
nature. This is a very challenging endeavor and methods are yet not polished. 
This study is a pilot exploration of the common ground between Ecological 
Network Analysis (ENA) and emergy theory, using two trophic networks as case 
studies. We suggest that combining ideas from both frameworks can help 
overcome some limitations. ENA developed a comprehensive battery of indices 
for describing system’s structure and function based on network patterns of 
stocks and flows. However these analyses are constrained by the unit (usually 
energy) chosen as the medium for the interactions (usually trophic): it dictates 
which elements can be included and the value of their connections. Emergy 
developed a way to transform everything into equivalents of a common unit, 
making possible quantitative comparisons within a network with diverse 
interactions. Also, emergy is conserved through transactions, ensuring 
comparative representation of events occurring all along the path. ENA 
conducted upon an emergy-based matrix showed 1) changes in the distribution 
of the relative importance along the network, 2) an increased protagonism of 
higher trophic level organisms, and 3) higher values of cycling, average path 
length, and the ratio indirect to direct effects. In addition, correlations (in log 
scale) between emergy importance value and the ascendency coefficient 
(r=0.957 and r=0.991) suggest a strong similarity in their essence. The data also 
exhibits an exponential relation between trophic level and transformity. 
 

Emergy-Based urban metabolic efficiency analysis and comprehensive 
evaluation for Fuzhou 

Yan Zhang  
State Key Joint Laboratory of Environment Simulation and Pollution Control, 

School of Environment, Beijing Normal University, Beijing, China 

As the acceleration of urbanization in Fuzhou, various kinds of urban disease 
have been increasingly emerging. The low urban metabolic efficiency is the basic 
reason for them according to the perspective of ecology. Therefore, it is 
necessary to evaluate the social and economy development condition of Fuzhou 
through metabolism analysis, which may support the government in city 
management and policy setting in theory. Based on the emergy theory, indices 
reflecting the flow and the efficiency of urban metabolism were established in 
this paper to study the structure characteristics and change tendency of urban 
metabolism system from 2002 to 2011 in Fuzhou. The analysis of metabolism 
efficiency of natural ecosystem showed that the economy development of 
Fuzhou put great pressure on local environment. Based on the problems in urban 
metabolism of Fuzhou, this paper proposed some control strategies in reducing 
energy consumption, controlling population and adjusting trade structure.
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Estimated impacts from the Deepwater Horizon Oil Release on High Marsh 
Systems in Mississippi: A systems modeling approach  

Mark Brown1, Lucía Zarba2 
1Center for Environmental Policy, University of Florida, Gainesville, FL, USA 

2Universidad Nacional de Tucumán, San Miguel de Tucumán, Argentina 
 

The emergy value of ecosystem services of the high marsh ecosystem was 
evaluated using a combination of systems modeling and emergy evaluation to 
quantify the impacts of oiling that resulted from the Deepwater Horizon 
accident. An energy systems diagram of the high marsh ecosystem, containing 
eleven compartments (trophic levels) was constructed and flows and storages of 
carbon and driving energy were estimated from the literature. A flow matrix was 
constructed to evaluate the quality of carbon (specific emergy) as it was 
concentrated through the marsh ecosystem food chain. Conversion of “carbon 
quality factors” to monetary value was computed for the US economy in 2010-
2011 using 2.0E+12 sej $-1. 

Using the energy systems diagram of the marsh, a simulation model was 
constructed to evaluate temporal impacts of oil release on the high marsh. The 
model was simulated for a period of two years using average climatic conditions 
taken from the decade beginning in 2000. First, the coefficients and storages 
were adjusted so that the model generated a steady-state solution. Then the 
simulation is run and the stochastic impact (moderate oiling) is introduced into 
the program 25 days after the simulation starts.  The model is allowed to run for 
the entire 2 years.  Output from the second simulation with the stochastic impact 
is subtracted from the steady state solution to obtain a net impact to each of the 
compartments. We conducted Hundreds of simulations were conducted varying 
coefficients on pathways +/- 25% to develop range of responses. Impacts varied 
between a low of 1% (mammals) to a high of 82% (Juncus).  

Conversion factors between “carbon quality factors” and monetary value 
were computed for the US economy in 2010-2011. Finally, the computed 
“quality factors” were combined with the quantity impacts experienced by each 
compartment derived from the simulation model to quantify the monetary value 
of losses associated with the oil release. Estimates of the monetary value of 
ecosystem services lost per hectare for moderately oiled high marsh ranged from 
em$5,836 to em$8,050 for the suite of simulations resulting in an average of 
em$6,943 per hectare. Highest losses were to mammals ($1,229 ha-1) and Juncus  
($1,208 ha-1). 
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Monetary valuation of ecological services: Comparison of Willingness to Pay 
versus Emergy Costs for early restoration projects negotiated for the 

Deepwater Horizon Oil Spill 
Eldon C. Blancher II, Justin E. Blancher 

Sustainable Ecosystem Restoration, LLC, Mobile, Alabama, USA 
 

Evaluating the monetary value of Ecological Services using emergy analysis 
typically involves determining the energy flow through the system and then 
estimating the dollar value of these services using the most recent emergy to 
emdollar ratio.  However, it is often argued by economists, that this does not 
represent a real market value since it is not based on a “willingness to pay” of 
what a consumer or “user” of the services would actually pay in the economy.  
On the other hand, when a “Responsible Party” (RP) is forced to pay restoration 
costs is may often have “punitive costs” in terms of additional compensation 
beyond of what the true value of ecological services, thus biasing the cost 
estimate for the restoration project for compensating the public.   

The Natural Resource Damage Assessment process, mandated by the Oil 
Pollution Act of 1990, requires that the responsible party who impacted the 
natural resources must make the public whole by paying for the total costs of 
lost resources through ecological restoration, typically the full costs of ecological 
restoration project which attempts to restore either habitat or ecological 
resources.   The emphasis is usually on the cost of the restoration necessary to 
offset the injury, and does not set a value for the injured resource.  The 
Deepwater Horizon (DWH) incident and in particular the Early Restoration 
agreement between the Federal and State Trustees (the “Trustees”) and RP (BP 
Oil) presents a unique case where the two parties negotiated both the ecological 
benefits (services restored) of restoration projects, and costs the RP was willing 
to pay for those benefits.  While not without some biases in terms of perhaps 
“overbuild” issues, and a conservative views of project success, it does provide a 
number of examples where the price the RP was willing to pay for various 
ecological services have been intensely negotiated. 

In this paper we compare the benefits negotiated by the Trustees, through 
Phases I – IV of the DWH Early Restoration process, for the ecological services 
restored for a given set of resource and habitat projects and the monetary values 
negotiated for the costs of these services.  These values have been documented 
in several published Environmental Impact Statements (EIS) and various phases 
of Early Restoration Plans publically provided by the Trustees.  Monetary values 
of several habitats and ecological resources (e.g. productivity) are compared to 
corresponding published Emdollar evaluations for like resources in an effort to 
elucidate a consistent trend in the data. 

 

Accounting for Maryland’s ecosystem services 
Elliott Campbell 

Maryland Department of Natural Resources, MD, USA 
 

The ecosystems of the State of Maryland provide numerous benefits to the 
people that reside there. Water and air quality are improved, habitat for wildlife 
is provided, and recreational opportunities are made available by virtue of the 
existence of the environment. These benefits are commonly termed ecosystem 
services (ES). For some of these benefits a market exists to set a dollar value, but 
many ecosystem services exist outside traditional economic markets.  This work 
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quantifies and values ecosystem services (ES) from the natural lands of 
Maryland; quantifying each ecosystem service in terms of its biophysical energy 
flow (i.e. emergy) and relating the flow of emergy to money by observing 
instances where people have exhibited monetary preference for the work of the 
environment (i.e. “eco-pricing”). This method is an improvement on economic 
methods of estimating monetary value of ecosystem services (e.g. hedonic 
pricing, contingent valuation), as it acknowledges that people value the work of 
the environment through societal, rather than individual, preference and that 
ecological work has inherent value, independent of the economy. Results are 
presented for ecosystem benefits from Maryland’s forests, wetlands, and the 
Chesapeake Bay; totaling $5.65 billion per year. This work is developed as a 
framework for ES valuation; it is being used to help guide policy choices at the 
state and county level in Maryland and being incorporated into research efforts 
at the University of Maryland and the US EPA. 

 

Dynamics of ecosystem services provided by subtropical forests following 
succession in Southeast China as measured by donor and utility value 

Hongfang Lu1, Daniel E. Campbell2, Hai Ren1 
1South China Botanical Garden, Chinese Academy of Science, Guangzhou, China 

2US EPA, Office of Research and Development, Narragansett, RI, USA 
 

Ecosystem valuation can help resource managers fill the gap left by market 
failures to measure the contributions of the environment to society. Therefore, 
it has greatly raised public awareness of the valuable services provided by 
ecosystems, including forests. However, due to the significant differences in 
assessment indicators, calculation approaches, and reference prices among 
various case studies, the comparison of different studies has been difficult. 
Simultaneously, most studies are isolated, static cases, focused on theoretical 
research, policy and compensation standards, and as a result, dynamic and 
systematic studies are lacking. This has made it difficult to apply the results of 
these studies to policy formulation. Ecosystems are complex and dynamic with 
their life cycles determined by the sequences of succession and evolution. 
Furthermore, most of the ecosystem service valuation studies have been 
focused on the utility value of these services/goods to human beings, lacking a 
consideration of donor value. In this study, the ‘People’s Republic of China 
Forestry Standard: Forest Ecosystem Service Valuation Norms’ was revised and 
applied to quantify the utility value of ecosystem services provided by 
subtropical forest following a succession series, which was then compared with 
emergy-based donor values of the same services. The results revealed that the 
ecosystem services function of subtropical forest kept increasing following 
succession, with the conservation of biodiversity and soil fertilizer, and the 
purification of water as the top three most valuable services. The utility values 
were constantly higher than the donor values, which emphasized the high 
efficiency of subtropical forests in providing ecosystem services, compared with 
current alternative technologies introduced in the norms. All three of the 
artificially started forest plantations efficiently restored subtropical forest 
ecosystem services, especially the mixed local species plantation. 
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10:25 – 12:30     Session 12 ~ National Economies &  
     International Trade 
  

 
Emprints of the nations: The change in global sustainability from 2000 to 2010  

 Dan Campbell1, Dennis White, Hongfang Lu 2 
 

1US EPA, Office of Research and Development, Narragansett, RI, USA 
2South China Botanical Garden, Chinese Academy of Science, Guangzhou, China 

 

The sustainability of the world’s social and economic systems is a central issue 
confronting humanity in the 21st century. The finite fossil fuel and mineral 
resources of the planet are renewed very slowly compared to their rates of use, 
and thus their use to support human systems entails inevitable limits. In contrast, 
the renewable resources of the biosphere, e.g., solar radiation, winds, tide, etc. 
are supplied as constant flow sources that provide a certain quantity of available 
energy each year. Strong sustainability requires that the vast majority of 
humanity’s material and energy needs be supported in the long run by the 
annual influx of renewable energy to the planet. Global conditions can be 
assessed in a uniform manner, because all energy, material, and information 
flows of the system can be normalized in terms of a single quantity, solar emergy, 
which quantifies them in terms of their relative ability to do work in the system 
of which they are a part. The emergy imprint or “emprint” of a system is an 
annual snapshot of system inflows and outflows that shows the relative 
sustainability and self-sufficiency of a territorial system, such as a nation, at any 
given time. The emprint is a 3X2 matrix with columns for renewable and 
nonrenewable emergy and rows for local, imported, and exported emergy.  The 
emergy inflows to a system are represented by squares in the upper four cells 
that represent the percentage of the total imported emergy in each cell or 
category, i.e., local renewable, imported nonrenewable, etc. The third row of the 
matrix contains the percentage of the emergy exported in the renewable and 
nonrenewable categories. For example, if all squares are in the left-hand column, 
the system uses only emergy from renewable sources; and therefore it is 
completely sustainable. Furthermore, if the only squares present are in the 
upper row’s left and right cells, the system is completely self-sufficient. We 
applied this index to characterize 136 countries in the years 2000 and 2010 using 
existing data and then compared the change in the condition of these nations 
and of the world as a whole at the beginning and end of the first decade of the 
21st century. The results are displayed on a world map where the countries have 
been classified into groups based on the similarity of their emprints.   
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Emergy analysis of China’s fossil fuel import 

Weiqiong Zhong123, Haizhong An123, Wei Fang123 
1Sch. of Humanities & Econ. Mgmt, China University of Geosciences, Beijing 

2Key Laboratory of Carrying Capacity Assessment for Resource and 
Environment, Ministry of Land and Resources, Beijing, China 

3Lab of Resources & Environmental Mgmt., China University of Geosciences, 
Beijing, China 

 
Fossil fuel is the most important energy in the modern society. According to the 
statistics of U.S. Energy Information Administration, the three major types of 
fossil fuel, Crude oil, Coal and Natural gas, account to 86% of the world total 
primary energy consumption in 2012. Traditionally, fossil fuel in the international 
trade studies are measured by quantity or money. It seems that the commodity 
and money are exchanged at equal values between the exporting country and 
importing country. However, is the equal-value exchange really equal? This study 
aims to quantitatively analyze China’s fossil fuel import by Emergy Exchange 
Ratio (EER). Emergy is a concept of “energy cost” considering the difference of 
energy quality and the embodied cost of energy. It measures the values of 
resources, services and commodities in common units of the solar energy used 
to make them (in units of seJ/J). If a country exports fossil fuel, it not only exports 
the energy currently existing in the commodities, but also exports the energy 
consumed in forming, mining and producing the commodities. If a country 
imports fossil fuel, it also imports the embodied “energy cost” in the 
commodities. The money of a country also contains emergy in it. When two 
countries exchange fossil fuel and money in the international trade, they also 
exchanged the “energy cost”. We use Emergy Exchange Ratio to analyze the 
fossil fuel trade between China and other countries, and obtain some interesting 
results. 
 

Uncovering hidden benefits of agricultural trading:  An emergy assessment 
Gloria Rótolo1, Sergio Montico2, Charles A. Francis3, Sergio Ulgiati4 

1National Institute of Agricultural Technology (INTA EEA Oliveros), Argentina 
2Universidad National de Rosario, Zavalla, Argentina 

3Dept. of Agronomy & Horticulture, Univ. of Nebraska-Lincoln, NE, USA 
4Dept. of Science for the Environment, Parthenope University of Naples, Italy 

 
National economies heavily depend on exploitation of renewable and 
nonrenewable natural resources, yet today the proportion of non-renewable 
resource used to produce industrial intensive cash crops does not contribute to 
a further development of the activity and regions. Moreover, monetary gains 
from international grain trading are greatly enhanced by local ecosystem 
services that natural resources provide, yet those benefits as well as negative 
impacts are rarely included in resource and economic accounting. When 
countries engage in international trade, intermediate organizations provide an 
essential link, but at the same time extract profits from the environmental 
services that are not accounted for. Our objectives are: a) to quantify and discuss 
the use of non-renewable resources in production of industrial intensive cash 
crops for domestic use and for export, and b) to analyze the benefits obtained 
by Argentina when trading grain. Emergy accounting is used for analyzing 
resource use and environmental support in the production and trade of grain. 
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The production systems selected were the maize production in the northern part 
of Pampas Region of Argentina for 2008 and 2012. Results showed that industrial 
intensive cash crops use large amounts of non-renewable resources 
(Environmental Loading Ratio = 3.7 - 4.5) making this commercial activity highly 
vulnerable to unforeseen conditions. Moreover, Argentina exports more 
environmental resources with the grain than those it receives when measured in 
monetary returns from the international grain traders (Emergy Exchange Ratio 
for Argentina, EER Arg/Org = 0.7), placing the country in an unfair trade 
exchange, and jeopardizing its own natural resources for future generations.   
 

Assessing costs and benefits in China-Africa resource and technology 
partnership 

Shupei Huang 1,2,3,4, Haizhong An1,2,3, Sergio Ulgiati 4, Elvira Buonocore 4 
 

1Sch. of Humanities & Econ. Mgmt, China University of Geosciences, Beijing 
2Key Laboratory of Carrying Capacity Assessment for Resource and 

Environment, Ministry of Land and Resources, Beijing, China 
3Lab of Resources & Environmental Mgmt., China University of Geosciences, 

Beijing, China 
4Dept. of Science and Technology, Parthenope University of Naples, Italy 

  
The increasing close trade and political linkages between China and African 
countries has been one remarkable international event with expansion of 
commodity trade, direct investments and cooperation projects. Hence, a 
comprehensive evaluation considering the economic and ecological impact will 
be significant for both sides and even for the world balance. However, the 
previous studies mainly explore the China-African nexuses from separate 
perspectives with main focus on monetary benefits, so that it is difficult to offer 
a whole picture and accurate estimation that also include environmental 
aspects. Therefore, we apply the emergy accounting approach to the China-
African partnership, in order to highlight the extent of exchange of natural 
capital and services among partners (including know-how and technology) and 
identify benefits and compensation measures that may increase trade balance 
and equity by preventing uncompensated resource exploitation. Balanced 
import and export relations by involving human and natural capital 
simultaneously will be helpful to construct cooperation relationship in a 
sustainable way. 
 

Exploring equity and evolution of China’s foreign trade: an emergy-based 
cluster analysis 

Tian Xu1,4, Patrizia Ghisellini2, Yong Geng3, Sergio Ulgiati2 
 

1Key Lab on Pollution Ecology and Environmental Engineering, Institute of 
Applied Ecology, Chinese Academy of Sciences, Shenyang, China 

2Dept. of Science and Technology, Parthenope University of Naples, Italy 
3School of Environmental Science and Engineering, Shanghai Jiao Tong 

University, Shanghai, China 
4University of Chinese Academy of Sciences, Beijing, China 

 
With the development of world economy, more regional economic agreements 
were proposed, not without controversial debate. The international trade 
patterns shaped, achieved or expected as a result of these large scale 
agreements, such as World Trade Organization (WTO), European Union (EU), 
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North American Free Trade Area (NAFTA), Asia-Pacific Economic Cooperation 
(APEC), also include the recently hot proposals named Trans-Pacific Partnership 
(TPP) and Transatlantic Trade and Investment Partnership (TTIP). Why are these 
economic agreements so strongly supported by governments and financial 
organizations (and most often opposed by local environmental and business 
associations)? While every different trade partner expects to gain benefits from 
liberalized international trade, abatement of trade barriers and dilution of 
environmental constraints, it is very clear that there are different concepts about 
what actually is a trade benefit. Is this increased money return, free trade 
opportunities, easier resource availability, or anything else? Present ways to 
address trade are mainly based on balanced “terms of trade” namely a balanced 
monetary flow as input and output of any national economy. Measuring trade 
under an economic perspective, no attention is paid on the biophysical value of 
resources exchanged among trade partners and their ability to drive an 
economic system and create wealth and wellbeing. Moreover, the applicability 
and suitability of monetary measures remains at least very uncertain when in 
times of globalized trade under the control of big trade corporations more than 
national governments. In this study, we apply the emergy method to build an 
evaluation of such trade agreements, as well as to quantify the benefit achieved 
by the different trading partners. In particular, our investigation focuses on 
China’s foreign trade with 20 selected main trade partners in the years 2000, 
2004 and 2008, for which most emergy parameters are available in the 
international emergy database (NEAD, National Emergy Accounting Database). 
Based on NEAD data, we quantify the trade advantage and time series trends of 
different trade partners of China, with special focus on the different groups 
characterized by being their EMR (Emergy-to-Money Ratio) .higher, lower or 
equal to the EMR of China. Besides that, we also identify interesting clusters of 
national economies, such as the BRICS and TPP countries, where trade may 
benefit from or be constrained by special rules and agreements. The evolution 
over time of trade indicators and characteristics of these groups of countries is 
investigated by means of the Cluster analysis method, with special focus of trade 
consequences for China. Finally, suitable policies to make China’s foreign trade 
sustainable and equitable are discussed. 
 

12:30pm – 2:30pm  
Working lunch / Meeting of the International Society for the 
Advancement of Emergy Research (ISAER)  
Lunch provided by ISAER 
 

7:00pm – 11:00pm 

Party at the home of Mark Brown and Carol Binello 
See map in at end of Program or on the website 
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University of São Paulo 
São Paulo, Brazil 
fguerra@cena.usp.br 
 

Wesley Ingwersen 
US Environmental Protection Agency 
Cincinnati, Ohio, USA 
wesley.ingwersen@gmail.com 
 

Shu-Li Huang 
Graduate Institute of Urban Planning, National Taipei Univ. 
New Taipei City, Taiwan 
shuli@mail.ntpu.edu.tw 
 
Shupei Huang 
China University of Geosciences 
Beijing, 100083, China 
hspburn@163.com 
 
Andres Kamp 
Technical University of Denmark 
Roskilde, Denmark 
ankam@kt.dtu.dk 
 

Naomi Keena 
Center for Architecture Science and Ecology (CASE) 
Rensselaer Polytechnic Institute. 
New York, NY 
keenan@rpi.edu 
 
Dong Joo Lee 
Center for Environmental Policy, University of Florida 
Department of Ecological Engineering, Pukyong National University, Korea 
hummeropt@ufl.edu 
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Ying-Chieh Lee 
Lee-Ming Institute of Technology 
New Taipei City, Taiwan 
yingchieh@mail.lit.edu.tw 
 
Anna Lewandowska-Czarnecka 
Biology & Environment Protection, Nicolaus Copernicus Univ. 
Torun, Poland 
lewandow@umk.pl 
 
Haitao Li 
Key Laboratory of Land Surface Pattern and Simulation 
Institute of Geographical Sciences and Natural Resources Research 
Chinese Academy of Sciences, Beijing, China 
liht@igsnrr.ac.cn 
 
Gengyuan Liu 
School of Environment, Beijing Normal University 
Beijing, China 
liugengyuan@163.com, liugengyuan@bnu.edu.cn 
 

Mary Odum Logan 
University of Alaska Anchorage 
Anchorage, Alaska, USA 
odumlogan@gmail.com 
 

Hongfang Lu 
South China Botanical Garden, Chinese Academy of Sciences 
Guangzhou, China 
luhf@scbg.ac.cn 
 

Xin (Cissy) Ma 
Sustainable Technology Division, National Risk Management Research 
Laboratory, United States Environmental Protection Agency 
Cincinnati, Ohio 
Ma.Cissy@epa.gov 
 
Antonino Marvuglia  
Luxembourg Institute of Science and Technology (LIST), 
Environmental Research and Innovation (ERIN) department, 
Belvaux, Luxembourg 
antonino.marvuglia@list.lu 
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Edmar Eduardo Bassan Mendes 
SAA/APTA/UPD SãO José Do Rio Preto 
São Paulo, Brazil 
ebassanmendes@apta.sp.gov.br 
 

Fabiana Morandi 
Dept. of Physical, Earth and Environmental Sciences  
University of Siena 
Siena, Italy 
morandi2@unisi.it 
 

Betty Odum 
Gainesville, FL, USA 
bodum@cox.net 
 

Marina Oncken 
Ecological Engineering Laboratory, Food Engineering School 
State University of Campinas  
São Paulo, Brazil 
 

Enrique Ortega 
Ecological Engineering Laboratory, Food Engineering School 
State University of Campinas  
São Paulo, Brazil 
ortega@fea.unicamp.br 
 

Hanne Østergård 
Department of Chemical and Biochemical Engineering 
Technical University of Denmark 
Lyngby, Denmark 
haqs@kt.dtu.dk 
 

Utsav Parakh 
M.E. Rinker, Sr. School of Building Construction, Univ. of FL 
Gainesville FL, USA 
utsav.parakh@gmail.com 
 

Hun Park 
Center for Energy and Environmental Policy 
University of Delaware, USA 
hunpark@udel.edu 
 
KyungMin Park 
Pukoung National University 
Busan, Korea 
pkm9362@naver.com 
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Bernard C. Patten 
Odum School of Ecology, University of Georgia 
Athens, Georgia, USA 
bmpatten@earthlink.net 
 

Murray Patterson 
School of People, Environment and Planning, Massey University 
Palmerton North, New Zealand 
m.g.patterson@massey.ac.nz 
 

Federico M. Pulselli 
Dept. of Physical, Earth and Environmental Sciences  
University of Siena 
Siena, Italy 
fpulselli@unisi.it 
 

Marco Raugei 
Oxford Brookes University 
London, UK 
marco.raugei@brookes.ac.uk 
 

Maddalena Ripa 
Parthenope University of Naples 
Naples, Italy 
maddalena.ripa@uniparthenope.it 
 

Fernando Berrios Robles 
Universidad de Antofagasta, 
Antofagasta, Chile 
fberriosrobles@gmail.com 
 

Gloria Rótolo 
INTA, EEA Oliveros. Santa Fé. Argentina 
gloriarotolo@yahoo.com.ar 
 

Torbjörn Rydberg 
Beras International Foundation 
Södertälje, Sweden 
torbjorn.rydberg@spray.se 
 

Remo Santagata 
Department of Science and Technology, Parthenope University of Naples 
Naples, Italy 
r.santagata@gmail.com 
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Stan Selbonne 
INRA, UR1321 ASTRO Agrosystèmes tropicaux 
Guadeloupe, France 
sselbonne@antilles.inra.fr 
 

Camilo Ernesto Buitrago Soto  
Universidad Nacional de Colombia 
Bogotá, Colombia 
cebuitragoso@unal.edu.co 
 

Ravi S. Srinivasan 
M.E. Rinker, Sr. School of Building Construction, Univ. of FL 
Gainesville FL, USA 
sravi@ufl.edu 
 

Sharlynn Sweeney 

Center for Environmental Policy 
University of Florida 
sharlynn@ufl.edu 
 

Stephen Tennenbaum   
The George Washington Univ., Dept. of Mathematics 
Washington, DC, USA 
stephen.tennenbaum@gmail.com 
 

Sergio Ulgiati 
Dept. of Environmental Sciences, Parthenope Univ. of Naples 
Naples, Italy 
sergio.ulgiati@uniparthenope.it 
 

Silvio Viglia 
Department of Science and Technology, 
Parthenope University of Naples, Italy. 
silvio.viglia@gmail.com 
 

Xuechao Wang 
Key Laboratory of Earth Surface Processes and Resource Ecology; 
College of Resources Science and Technology 
Beijing Normal University, Beijing, China 
Yuqin Wu 
Peking University, Shenzhen Graduate School 
Shenzhen, China 
wuyq@pkusz.edu.cn 
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Linyu Xu 
State Key Joint Laboratory of Environment Simulation and Pollution Control, 
School of Environment, Beijing Normal University 
Beijing, China 
 

Zhifeng Yang 
State Key Joint Laboratory of Environment Simulation and Pollution Control, 
School of Environment, Beijing Normal University 
Beijing, China 
zfyang@bnu.edu.cn 
 

Hwang Yi 
Department of Architecture, School of Design 
University of Pennsylvania 
Philadelphia, PA 
hwangyilove@gmail.com 
 

Lucía Zarbá  
1Instituto de Ecología Regional, Universidad Nacional de Tucumán 
San Miguel de Tucumán, Argentina 
luciazarba@gmail.com 
 

Lixiao Zhang 
School of Environment, Beijing Normal University 
Beijing, China 
zhanglixiao@bnu.edu.cn 
 

Yan Zhang 
State Key Joint Laboratory of Environment Simulation and Pollution Control, 
School of Environment, Beijing Normal University 
Beijing, China 
yzhang@bnu.edu.cn 
 

Weiqiong Zhong 
China University of Geosciences 
Beijing, China 
258586952@qq.com 
 
Dan Zhu 
Urban & Regional Planning, College of Design, Construction & Planning 
University of Florida 
zhudan@ufl.edu 
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Map of general layout of the event sites 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Betty Odum’s 

2106 NW 9th Ave 

 

Reitz Union 

Holiday Inn 

Phelps Lab  
(Center for Env. Policy) 

NEB 202 
(Saturday sessions, 

dashed line is short 

walk from Phelps Lab) 
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Map of campus sites 
 

 
 

 
  

 

Reitz Union 

Ballroom 
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Phelps Lab (CEP) 

The walk to poster 

session from Reitz 
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Party hosted by Mark Brown & Carol Binello 

7:00pm, Saturday, January 9th 

(map link on EmergySystems website) 
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GAINESVILLE FLORIDA RESTAURANT GUIDE 
(*recommended) 
 
On SW 13th Street between campus and Paramount Hotel: 
*Blue Gill – One of the higher quality options in the area. Creative 
Southern/comfort food, lunch & dinner.1310 SW 13th Street. 
*Chop Stix Cafe – Great Pan-Asian food at low prices. Great for vegetarians and 
meat eaters alike. Open for lunch and dinner Monday through Saturday. 3500 
SW 13th St.  (352)367-0003. 
La Familia Cuban Sandwich Shop – 1209 SW 16th Avenue (352) 378-2257. 
Subway – Hot and cold sandwiches.  1805 SW 13th St.  (352) 371-0311.  
*La Tienda Latina Restaurante Market – Groceries from Mexico, fresh baked 
sweetbreads, authentic Mexican dishes and soups.  2204 SW 13th St.  
(352)367-0022. 
Steak N Shake – Classic diner food.  1610 SW 13th St.  (352)376-0588. 
Virtually Cuban – Good Cuban food.  2409 S.W. 13th St.  (352) 336-4125. 
 
Walking Distance from Campus & Holiday Inn-University Centre (Mid-Town): 
* Bagels & Noodles – Breakfast, bagels, Vietnamese food for lunch and dinner.  
1244 W. University Ave. 
* Bistro 1245 – Good food, including vegetarian options, and great wine 
selections.  Open till 11 PM on weekends.  1245 W University Ave. (352)376-
0000. 
Burrito Brothers – Fast, good Mexican food made to order from scratch.  Open 
7 days a week from 11:00a.m. to 10:00p.m.  1402 W. University Ave. (352) 378-
5948. 
Caribbean Spice  -- Inexpensive, lunch only. 1121 W. University Ave. (352) 377-
2712. 
Chipotle Mexican Grill – Fast food. Gourmet burritos and tacos.  Open 
10:00a.m. to 10:00p.m.  1421 W. University Avenue.  (352) 372-5330. 
Copper Monkey – Burgers and fries, mostly.  1700 W University Ave. (352)374-
4984. 
* El Indio – Fresh and quick Mexican take out. Breakfast, lunch, dinner.  Open 
Monday – Friday 7:00a.m. to 10:00p.m..  Open Saturday & Sunday 9:00a.m. to 
10:00p.m.  407 NW 13th St.  (352) 377-5828. 
*Gyro Plus – Great vegetarian menu plus gyros, falafels, hummus, etc.  Good 
homemade desserts.  1011 W University Ave.  Open Monday through Sunday 
11:a.m. to 10:00p.m.  (352)336-5323. 
* Kabab House – A Pakistani restaurant. Great Indian dishes.  All meat products 
are Halal.  1129 W. University Avenue.  (352) 374-2114. 
Karma Cream – Organic ice cream, frozen yogurt, shakes, coffee, desserts, 
beer. 1025 W. University Avenue. (352) 505-6566. 
Krispy Kreme Doughnuts –  Doughnuts, coffee.  310 N.W. 13th Street. (352) 
377-0052. 
* Leonardo ’s 706 – Italian/creative cuisine restaurant, nice atmosphere, great 
food and wine selections.  Good vegetarian options.  706 W University 
Ave.(352)378-2001. 
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* Leonardo's Pizza by the Slice – A popular pizza/pasta/coffee place.  Good 
vegetarian/vegan options. 1245 W University Ave.  (352)375-2007. 
*Reggae Shack Café – Caribbean. Great vegetarian options in a café with lots of 
character.  Open Monday through Saturday from 11:00a.m. to 10:00p.m.  619 
W. University Avenue.  (352) 377-5464. 
**Small House – authentic Chinese, Szechuan dishes, local favorite. 1120 W 
University Ave. (352) 367-8999 
Swamp Restaurant – Wide variety menu – something for everyone.  Inside and 
outside dining. 1642 W. University Ave. (352) 377-9267. 
Tatu – Sushi and Asian fusion cuisine.  1702 W. University Avenue. (352) 371-
1700 
 

Downtown Gainesville: 
Amelia’s – Traditional Italian cuisine with elegant outside seating. More 
expensive. Reservations recommended. 235 S Main St.  (352)373-1919. 
**Crane Ramen – Japanese-style ramen noodle bowls and appetizers, 16 
Southwest 1st Avenue (352) 727-7422 e  
**Dragonfly – Trendy atmosphere specializing in sushi and saki. Reservations 
recommended. 201 SE 2nd Avenue.  (352)371-3359. 
*Emiliano’s Café – Caribbean restaurant with great tapas & brunch. Great 
outdoor seating. 7 SE First Ave.  (352)375-7381. 
Liquid Ginger –Offering a range of Pan-Asian cuisine and Sushi. 101 SE 2nd 
Place.  (352)371-2323. 
** Manuel’s Vintage Room – Fine dining – Italian food and fine wine from 
around the world. 6 S. Main St.  (352) 375-7372. 
Mark’s US Prime – Fine dining. Expensive. Great steaks and wide variety menu. 
201 SE 2nd Ave.  (352) 336-0077. 
Maude's Classic Café – Indoor and outdoor favorite of students. Coffee and 
desserts. 101 SE 2nd Pl.  (352)336-9646. 
Paramount Grill – Gourmet eclectic international menu. More expensive. 12 
SW 1st Ave. (352)378-3398. 
Starbucks – Coffee. 207 SE 1st St. (352)374-8227. 
** The Top - Creative, varied menu, good beer selection, funky, eclectic 
atmosphere. Good value. Serves food until 1am. 30 North Main Street. 
** Volta - great hand poured coffees, gourmet teas, desserts, good background 
music, modern coffehouse, wireless. Open 8am-9pm(?). 48 SW 2nd Street. 
 
Taxi Services 
A1 Yellow Cab   (352)374-9696 
Best Way Cab Company (352)367-8222 
Gainesville Cab   (352)371-1515 
Unimet Taxicab Co. (352)380-0830 
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For your notes: 
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