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ABSTRACT
The only way to achieve a sustainable society is to have a sustainable energy and environment architecture, where the daily activities of individuals and businesses are carried out within environmental constraints.  The critical and necessary first step for achieving a sustainable society is to discover what a sustainable society is.  We present the idea that sustainability engineering must be based on systems engineering principles rather than supply and demand economic theory.  We briefly describe the energy system model and methodology.  The implications of the model are that sustainability engineering must start with conceptual design of a hypothetical sustainable system.  Only after this reference is understood, can development decisions in the present system be addressed.   Today’s planners ask, "What new technology and prices are required to substitute renewable energy for fossil energy to sustain growth?"  This question has no answer.  We asked, "What do people need for a high quality of life and what resources are available for sustainable human use?" The answer is a new system where sustainability is achieved by design, not as an option.

INTRODUCTION
We recognise that technology and utilisation of fossil and finite resources support the present living standard.  We recognize that the present energy situation is not sustainable in any way.  Engineers are seldom involved in political, business or government decisions about energy and economic policy.  The Market is currently perceived to be the driver for decision-making, and engineering provides the implementation.  The law of supply and demand describes the behaviour of the economy.  The public looks to science and technology to fix problems like pollution, and to develop new technologies to provide more energy to sustain consumption growth.   

As a general observation, engineers have historically been men, and they have historically been successful at designing and building the infrastructure, and producing the energy and products which provide the standard of living.  My own experience as a woman engineer is that I am not satisfied to work on component technologies when it is obvious that the root of the problem lies in the methodology for design of the whole system, and the negligible role of engineering in decision-making.

This paper examines the proposition that engineering and science cannot simply fix the serious energy supply continuity and environmental problems now facing the world.  Nor can we grow toward sustainability through further technological development as long as the context for decision-making relies only on economic models of continuous growth which obviate environmental reality.  We suggest that the road to sustainability would require practice of a new economic model based on physical and environmental realities and the engineering principles of system integration and design for performance within constraints.  We call this approach the service and availability continuity model.
THEORY AND BACKGROUND

Supply and Demand Economy

According to the law of supply and demand, if there is a shortage of products, then the price will increase and new producers will become willing to enter the market and the supply will increase.  If the price gets higher than what consumers are willing to pay, then a new supplier will enter the market with alternative products at a lower price.  Thus, as long as customers desire or require a certain product or service, the free market will provide it. [1]    

On the supply side, the role of energy engineering in the supply and demand economy model is to provide for production of low-cost energy products.[2,3]  Higher prices from local resource depletion stimulate new exploration, which leads to more supply, which leads to lower prices.  Governments and oil companies fund research into substitute fuels, such as biomass derived liquid fuels, which are expected to enter the market with the increasing price of oil.

Energy engineering after the OPEC oil embargo developed to include demand management, and new technologies to improve efficiency and save money on energy costs.[4-6]  The goal is to minimise energy costs through selection of high efficiency appliances and careful design and operation of energy consuming activities and processes.

Systems Engineering Methodology

The normal methodology for engineering is to first define the needs, wants and desires of the user, then the system requirements and constraints.  Concepts are generated through creativity and problem solving together with application of physical laws.  Next, the concepts are evaluated according to the performance and requirements metrics, and further design iterations produce a best-case concept.  The final concept is then modelled and prototyped and further evaluated and developed according to requirements.  In the end, a final design is achieved which provides the desired performance, within the cost and materials constraints, and which obeys physical laws.[7]  All products and systems follow this path into being, with the notable exception of regional energy systems.   

Service and Availability Continuity Economy

Our research into sustainability engineering has identified the need for a new economic model which provides a framework for developing solutions from the systems perspective.  If an economic model were to be developed along the lines of the engineering product development methodology, then the main precept of the model would be the balance of desires of the consumers and environmental sustainability constraints.  We have christened this the service and availability continuity economic model.  In our model, the normal free market and supply and demand pricing operate within the context of service and availability continuity.  

ENERGY SYSTEM MODEL

Modelling Concept

Modeling, analysis, and control of dynamic engineering systems are accomplished through application of control system theory.[8,9]  While maintaining desired operation is one focus of modern control theory, another equally important application is design for system stability.  The system controls can only keep the built system working as desired as long as the operational parameters of the system are not exceeded.  How well a system responds to disturbances in individual element parameters and to feedback parameters is a measure of the robustness and reliability of the system.  

Energy System Model

Figure 1 shows the general form of the regional energy system model developed according to control system theory.[10,11]  The reference condition represents a sustainable state and is determined through conceptual and engineering modeling.  Many people perceive the inevitable state for our present system as a fall or collapse.[12,13]  While the model we propose in no way represents a means to “design” the future, it would provide an alternative vision which could shed new light on decisions that could lead to sustainability without collapse.

The model points out the components which are not present or functional in our current system.  We have no reference input that describes the sustainable state.  The built environment is not designed for stability, nor is it robust in response to disturbances.  While we do have feedback in the system, only the performance feedback has direct relation to decision making.  
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There is, by definition, a level of energy and resource consumption and waste generation for a given region which can be supported continually by the environment.  This utilization level will, of course be a factor of the technology, infrastructure, and efficiency of the system.  However, if the built environment were designed to function within these constraints, and controls were built into the system to keep it stable, then people would be free to pursue their individual desires within a free market.[14, 15]  
RESULTS

The energy system theory implies that the role of engineering for sustainability is not limited to reducing costs, increasing efficiency, developing alternative energy resources, or fixing pollution and congestion problems.  We have identified the following four areas for research which will be required if a methodology for decision making for evolution toward sustainability is to be realized.  
Continuity Model of a Hypothetical Sustainable System

The idea is to select a specific community, inventory renewable energy resource flows, assess the community's fundamental desires for high quality of life, and then perform the engineering design for an energy architecture which could function continuously. The contribution of sustainability engineering and science to social, economic, and environmental stability will primarily be in the development of modelling techniques for discovering and designing a sustainable built environment.  This effort will require integration of expertise from people in disciplines which currently don’t have working relationships.  Developing continuity models must be done one region at a time, and will require coordinated effort from participants with many professional and philosophical backgrounds.  

Service and Availability Continuity Economy 

Our concept is that the free market cost-based relationship between producers and consumers will be supplemented by communication to suppliers of consumer services desired.  Additionally, activities of both producers and consumers will be done in the context of information about sustainable levels of natural resource and energy availability.  From this concept, it is clear that new real-time information and communication technologies will need to be developed in order to operate a sustainable economy.  In addition, new modelling to determine the sustainable level of energy and natural resource consumption, which can be supported by the environment, will be a major component of sustainability engineering and science.

Availability and Real-Time Computation and Information Systems

New communications and information systems will need to be developed to provide information about resource availability and impacts at the point where individual decisions are made.  New computational and modeling capabilities will need to be put in place for real-time modeling and adjustment of system elements.  Alternative technologies, essential to stable function of the system, will need to be explored.  

As an example, work at the AEMS Lab has led to design of a system to inject availability information into the land transportation system.  In the very near term, the quantity of petroleum fuel will be constrained.  A system to manage the fuel distribution while decreasing the actual product delivered would consist of a magnetic strip swipe card for each customer, readers at filling stations, and an automated accounting and modeling program on a central server.  Each customer would submit a periodic request for the quantity of fuel that they desire.  The supplier's software processes the requests and attempts to reconcile the requested quantity with the known supply quantity of product.  The distribution plan among customers is calculated, and each customer is notified of the guaranteed quantity and price available to them during the period.  The customers would then use ATM-type stations and web links to their account to track their fuel availability, request additional supply at the spot market price, and offer any un-used allotment back to the market.  This system would not suffer from panic price rises and runs on filling stations induced by shortage at the pumps as was seen during the OPEC oil embargo.  The system would be able to handle fluctuations in supply, and so would be robustly controlled.  It would also have inherent drivers toward the long-term stability point of vastly reduce fossil fuel consumption.  Customers would be aware of the quantity of fuel they are secure in being able to purchase.  If people want to do more traveling with the same amount of fuel, THEY will perform a rational analysis and decide about priorities in automobile fuel economy.  The consumers may decide to trade in the SUV for a Civic, move closer to work, reduce unnecessary trips, share rides, ride a bike or take public transport in order to manage their activities.  The constrained supply is a much greater motivation for such changes than fuel prices rises because the primary point of analysis for people is functionality.  
Strategic Analysis of Complex Systems

In order to begin to make the transition to a sustainable built environment, new ideas in analysis for long range planning must be explored.  The AEMS Lab is developing the Strategic Analysis of Complex Energy and Environment Systems (SACEES) methodology.  This approach involves using a continuity model design as a starting point for long range planning.  Once the sustainable energy architecture is conceived, then it is possible to discover planning and technology development decisions which will lead toward that structure.  
CONCLUSION

Sustainability of systems that support human endeavour cannot be achieved through operational or technology up-grades of systems that are designed for fossil fuel consumption within an economic model purporting continuous growth of consumption.  Security and sustained performance can be achieved through integrated system design, which considers the service required and the availability of primary resource and impact capacity.  Thus, the role of engineering in achieving sustainability must be to work in an integrated way within the social, economic and political context to discover the energy and environment architecture which would support a sustainable society.
The current economic model of supply and demand is fundamental in policy planning. Sustainability engineering involves triple bottom line costing, operational systems management, energy efficient technology development, and advanced and alternative energy technologies.  However, neither of these models has any provision for constraints on primary energy resources, and no mechanisms to control the system and produce pressures for change toward sustainability.  

The proposed energy systems model uses the central concept of control system theory.  The model explains how all of the elements of the system interact to produce a stable operating state.  By comparing the system model to current developed countries it is apparent that several of the critical elements are missing.  The contribution of sustainability engineering and science in social, economic and environmental stability will primarily be in the development of modelling techniques for discovering and describing hypothetical sustainable energy architectures.  New areas for communications and information technology development will lead to implementation of new decision making methodology commensurate with a new economic model which incorporates resource availability and continuity.
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Figure 1.  The continuity energy/environment/economy system model showing the role of the economy as an actuation element in the system, rather than as a control element.  Sustainability is the reference input representing the steady state system response. There are three levels of feedback: availability, performance, and environmental impacts.  System control is accomplished through the cumulative individual decisions made in the cultural, regulatory, and economic context.  
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