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Abstract 

Emergy accounting is one of the methods in the sustainability assessment toolbox. In its use 
of stocks and flows of energy and matter it has similarities with Material Flow Analysis (MFA), 
Substance Flow Analysis (SFA), and Life Cycle Assessment (LCA), but Emergy accounting 
also includes stocks and flows of money and information. In its methodological approach of 
relating to a global baseline of renewable flows Emergy accounting is similar to Ecological 
footprints in that it is not just revealing which of two alternatives is using more or less of 
different stocks or flows but also comparing the use to available renewable flows on a global 
annual basis. 

This paper address the contribution of three different aspects of emergy accounting (emergy 
analysis, emergy synthesis) to the overarching goal of sustainable development. The 
discussed aspects were: 1) the Emergy Sustainability Index (ESI), 2) emergy as a 
normalizing measure, and 3) emergy as a network measure. 

It was concluded that the Emergy Sustainability Index (ESI) is an interesting measure but 
does not catch the full range of the sustainability concept. The emergy accounting approach, 
with the ESI as part of it, has a lot more to say about sustainability than just what is captured 
by the ESI. An interesting outcome is that the traditional triple-bottom-line of environmental, 
economic and social sustainability emerges very easily from the emergy assessment 
conceptual diagram approach. Emergy accounting holds a promise of clarifying the fuzziness 
often connected to how to classify economic, social, and socio-economic domains of 
sustainability. These are in practice often difficult to distinguish between, as are their 
connections to the ecological/environmental sustainability. The reason why the ESI captures 
only a small part of what is interesting from a sustainability point of view in the full emergy 
assessment may be that it has the focus on the traditional load and yield components. Many 
of the interesting parts from emergy evaluation in the sustainability context may instead 
come from the capability of emergy accounting to capture network properties. 

Keywords: ESI, system network, system sustainability 

 

1. Introduction 

Emergy accounting is one of the methods in the sustainability assessment toolbox. In its use 
of stocks and flows of energy and matter it is similar to Life Cycle Assessment (LCA), 
Material Flow Analysis (MFA) and Substance Flow Analysis (SFA). However, Emergy 
accounting also includes stocks and flows of money and information. In its mechanism of 
relating to a global baseline of renewable flows Emergy accounting is similar to Ecological 
footprints in that it is not just revealing which of two alternatives is using more or less of 
different stocks or flows but also comparing the use to available renewable flows on a global 
annual basis. The latest global emergy baseline was calculated to 12.1 x 1024 seJ/year 
(Brown and Ulgiati, 2016).   



22nd International Sustainable Development Research Society Conference, School of Science and Technology, 
Universidade Nova de Lisboa, Lisbon, Portugal, 13 – 15 July 2016 

 

 

This paper address the contribution of three different aspects of emergy accounting (emergy 
analysis, emergy synthesis) to the overarching goal of sustainable development. Section 3 
has its focus on the Emergy Sustainability Index (ESI), section 4 on emergy as a normalizing 
measure, and section 5 emergy as a network measure. 

2. Emergy and the Energy Hierarchy Principle 

Emergy is a measure appearing when applying the energy hierarchy principle to natural (e.g. 
forests and lakes) or human (e.g. cities and countries) systems. The principle postulates that 
energies in any system will self-organize in hierarchical patterns given time to do so (Odum, 
1994, 2007). Emergy is expressed in relation to one type of energy occurring in the 
hierarchy, almost always solar emergy Joules, seJ. In the context of economy, emergy 
values can alternatively be expressed in a currency related unit, for example Em€ or Em$ 
(proportional to values in seJ). The significance is that Em€ or Em$ measures the 
contribution different items gives to the whole system, rather than how individuals value 
different items on the market; a donor value approach rather than a receiver (market ) value 
approach. Emergy accounting use many different indices (Brown and Ulgiati 2004) based on 
stocks and flows of renewables (R), non-renewables (N), feedback from other systems 
higher up in the energy hierarchy (F), and the yield or contribution from the system evaluated 
(Y), see Figure 1. Examples of indices are percent renewable (%R) and Emergy Investment 
Ratio (EIR=F/(R+N)). 

 

Figure 1. The Emergy Sustainability Index, ESI (after Brown and Ulgiati 2004). 

 

3. ESI, Emergy Sustainability Index 

The ESI was introduced by Brown and Ulgiati (1997) and Ulgiati and Brown (1998) as “…an 
aggregate measure of economic (large yield) and environmental (low stress) compatibility.” It 
is defined as the Emergy Yield Ratio divided by the Environmental Load Ratio (Figure 1). It 
captures, on the yield side, the contribution of an activity (e.g. forestry or fish farms) to the 
larger system  (e.g. society), and on the stress side the increasing load on the local system 
(which original state is measured by R) from released local non-renewable recourses (N) and 
purchased recourses introduced to the local system (F). The ESI measure has since been 
frequently used by many authors, often interpreted in a far more general way than originally 
suggested by Brown and Ulgiati (1997). An interesting discussion regarding the ESI was 
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published as Letters to the editor in the journal Ecological Modelling during 2011 and 2012 
(Harizaj, 2011; Brown and Ulgiati, 2011; Giannetti (2012). The focus of the discussion was 
what factors would maximize the ESI. Of course high yield (EYR) and low load (ELR) will do 
it, but in which constellations of R, N and F. The outcome of the discussion was that it was 
clear that the ESI still needs refining and that it “…does not capture the complexity of the 
sustainability concept” (Brown and Ulgiati, 2011). 

4. Emergy as a normalizing measure 

The probably most attracting feature of emergy accounting is its mechanism of normalizing 
flows not only between energy and matter, but also between energy and money (Odum 
1996); this is almost unique among environmental assessment methods. Thus when drawing 
an emergy diagram (according to Odum 1996 and Brown and Ulgiati 2004), it is not only 
possible to illustrate flows of energy, matter, information, and money within the same 
diagram, it is also possible to put values on all of the flows with the same unit: seJ (solar 
emergy Joules).  From a sustainability point of view it is also interesting that when using the 
energy hierarchy diagrams of emergy accounting, the domains of the traditional triple-
bottom-line approach in the sustainability debate comes out naturally (Grönlund et al. 2008), 
see Figure 2. In each of the three domains it is possible to use the normalized quantitative 
numbers of emergy regardless of the original units of the flows, be it Joules, kg, bits or Euros 
(at least in theory, the social sustainability parts are still problematic in the collection of raw 
data). 

 

Figure 2. The triple-bottom-line domains in the energy hierarchy (modified from Odum 1996, Figure 
3.1, by Grönlund 2008). 

 

5 Emergy as a network measure 

An aspect of the emergy accounting approach that has not been explicitly discussed in the 
sustainability literature so far is the feature of emergy as a network measure rather than a 
“state variable” measure. The energy hierarchy has been suggested as a new 
thermodynamic (TD) law since it claims to describe distribution and dynamics of energy in 
universal terms (Odum 1994). Grönlund (2009) and Grönlund and Brandén Klang (2009) 
suggested that a problem for this suggestion to have a breakthrough as an accepted TD law 
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is due to the fact that it expands the classical TD (heat TD, Figure 3). This expansion is not 
performed by those who work with the classical TD (i.e. heat engine and chemical engineers) 
but by other research groups who are not used to view their work as TD (Figure 4). These 
groups are for example business modellers, computer scientists, and meteorology modellers 
working with theories of networks, systems, and complexity (Figure 4). The expansion also 
includes the new systems ecology measures with a network focus as Environs (Patten 
1992), Ascendancy (Ulanowicz 1997) and Emergy (Odum 1994) (Figure 4). A special case is 
the measure Eco-exergy (Jørgensen 2006) which takes its fundaments much more explicit in 
the old classical TD but address the new quality aspects. Grönlund and Brandén Klang 
(2009) suggested that also the Extended Exergy concept (Sciubba 2003) is taking this step 
by adding money to the classical TD. 

  

Figure 3. A view of the expansion of the field of thermodynamic (TD) from the classical heat TD to 
quality TD including network TD (from Grönlund and Brandén Klang 2009) 

 

Figure 4. A suggested thermodynamic classification of the new ecosystem theories emerging (from 
Grönlund and Brandén Klang 2009). 
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6. Conclusions 

It was concluded that the Emergy Sustainability Index (ESI) is an interesting measure but 
does not catch the full complexity of the sustainability concept. The emergy accounting 
approach, with the ESI as part of it, has a lot more to say about sustainability than just what 
is captured by the ESI.  

An interesting outcome is that the traditional triple-bottom-line of environmental, economic 
and social sustainability emerges very easily from the emergy assessment conceptual 
diagram approach. Emergy accounting holds a promise of clarifying the fuzziness often 
connected to how to classify economic, social, and socio-economic domains of sustainability. 
These are in practice often difficult to distinguish between, as are their connections to the 
ecological/environmental sustainability.  

The reason why the ESI captures only a small part of what is interesting from a sustainability 
point of view in the full emergy assessment may be that it has the focus on the traditional 
load and yield components. Many of the interesting parts from emergy evaluation in the 
sustainability context may instead come from the capability of emergy accounting to capture 
network properties. 
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