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The Problem 
• Agricultural and Coal Seam Gas (CSG) industries play a major role 

in the economy of Queensland, Australia.  

• The CSG industry (a new energy source in the form liquefied natural 

gas) is emerging in areas of high value to agriculture (e.g. livestock 

&  broad  acre cropping) 

• Conflict with agricultural industries over resource use (e.g. water and 

land) and generate pollution (e.g. GHG emissions) 

 



Solving the problem so far 

Attempts by government to reduce the impacts of CSG in the 

recent past have included: 

• Directly engaging with affected stakeholders 

 

• Directly mitigating environmental risks (contamination and 

degradation) 

 

• Understanding potential impacts to industry and economic 

productivity 



Research Question 

• How can the notion of biomimicry be 

used to find a sustainable use of 

resources and reduce emissions while 

allowing coal seam gas and agriculture 

industries to co-exist harmoniously? 



Biomimicry – Industrial Ecology  (System 

Transformation) 

• Re-use of Resources 

 

• Offsetting Pollution 

 

• Land Sharing Space 

 



Objectives 

1. Evaluate the current situation of coal seam gas 

and agricultural industries together in Queensland. 

 

2. Model and analyse the environmental inputs and 

outputs of these industries using system dynamics 

 

3. Find appropriate system models for synergistic 

benefits between these industries using biomimicry 

principles 

 



Methodology 

Create Causal Loop 

Diagram 

Gather and analyse 

appropriate data 

Construct System 

model in Anylogic 

Include beneficial 

ecological principles 

Analyse the 

interrelationships with 

Social and economic 

factors 



Three system models were created 

1. Each industry existing entirely separate and 

not interacting 

 

2. The two industries co-existing together and 

interacting 

 

3. The two industries in an eco-existence, 

providing synergistic benefits 

 
 

 

 



Causal Loop Diagram  of Model 3 



Systems Dynamics (Stock and Flow Diagram) 

STOCK 

FLOW 

VARIABLE 



Stock and Flow Model (as Separate) – Model 1 



Identifying Synergistic  Benefits 

After undertaking research and consulting with 

industry experts, 3 potential synergies were 

proposed: 

• Re-using land for agriculture after CSG mining 

over a period of time (e.g. 20 years) 

• Recycling water extracted during CSG mining 

(using desalination technology) and using it in 

agriculture 

• Planting trees on land disturbed by CSG wells, 

to offset green house gas emissions 

 
 

 



Stock and Flow Model for Biomimetic Co-

existence (Model 3) 



Initial Results: 

Modelled CSG industry growth and decline 

Years after 2000 

Number of 

CSG wells 



Years after 2000 

Initial Results: Land Re-use 

• Over the 60 year period, 5500km² is retired from 

CSG production  

• 2900km² of this land was previously used for 

agriculture and now returned 
 

 

km² 



Initial Results: Water Recycling 

• Potential increases in available water to agriculture 
surrounding CSG extraction 

 

 

 

Years after 2000 

ML 



Initial  Results: Emissions Offsetting 

• Under eco-existence scenario there is a significant opportunity for 
carbon offsetting. 

•  Carbon offsets would mostly be used to offset emissions from 
water desalination if it were undertaken as well 

 

 

 

Years after 2000 

t-CO2-e 



Barlas’ formal quantitative method of validation 

• Structure verification – requires empirical data from other 

modelling project to compare and justify that this model consists 

of realistic relationships and interactions 

• Parameter Verification – evaluates parameters used against 

values in the literature which are based on the real life system. 

• Extreme condition testing – requires to validate the behaviour 

of the model. Let’s say replacing the variables not included in the 

base model with neutral values (i.e. all multiplying factors to 0) 

and see if the extra variables are showing any unexpected 

consequences 

• Dimensional consistency testing – ensure that all equations 

used only incorporated values of the correct dimensions and all 

units were consistent (e.g. using km2/year where km2 is 

required) 



Analysis and Discussion of Results 

• Prototype system model for biomimicry inspired system 

model for co-existence 

• Modelling shows that it is possible to reduce net GHG 

emissions, manage land uses and increase water available 

for agriculture. 

• There are conflicting goals that still need to be managed:  

– Water desalinization produces GHG emission 

– Carbon offsetting using forest planting will require high 

land consumption 

• These can be modelled using System Dynamics 

approach 
 



Further study 

• Other risks such as land and aquafer degradation need 

to be incorporated in the study 

• Inclusion of key stakeholders via participatory system 

mapping and modelling 

• Accounting the interrelationships with socio-economic 

factors 

• Incorporating uncertainty on how the CSG/agriculture 

industry will probably transition in the future (scenarios) 

• Decision support tool for policy development and 

implementation 

• Consideration of data and model uncertainties and 

ambiguities 
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