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System Dynamics and Business Processes
  In my last Advisor I spoke of the Greening of Process - a phrase that suggests that 

companies will want to review business processes to determine how they can be 
changed to reduce carbon emissions and to save energy. I suggested that since these 
environmental issues will be with us for many years, companies need to begin learning 
about the issues involved as soon as possible. 

In this Advisor I want to follow-up on that idea with a suggestion that System 
Dynamics can be a valuable tool for understanding how best to approach the greening 
of your company's processes. 

Most process analysts use flow charts to describe processes. In essence, a flow plan 
describes all the activities and the paths that work follows as it is processed. 
Subsequently, we may use a tool to simulate different paths through the model to 
understand the implications of different sets of assumptions. 

Conducting a simulation is generally a good idea when analyzing any process, 
however, conventional simulations are not very good at describing situations in which a 
large number of variables interact. To model and evaluate these more complex 
situations, we need System Dynamics. 

System Dynamics was developed in the 1950s by Jay Forrester, a professor at MIT. 
Over the course of the following decades Forrester and his System Dynamics team 
applied his modeling approach to a variety of business and social problems. Today, the 
Sloan school of business at MIT offers a course, Business Dynamics: An Approach to 
Diagnosing and Solving Complex Business Problems. The current leader of the MIT 
team is John D. Sterman, and his book: Business Dynamics: Systems Thinking and 
Modeling for a Complex World (Irwin McGraw-Hill, 2000) is the best introduction to this 
approach to dynamic modeling. 

A System Dynamics model depends on two key elements, stocks and flows. Stocks - 
which most of us would call activities - are fed by inflows and drained by outflows. 
Figure 1 shows a simple System Dynamics model. 

Figure 1. System Dynamics model (After Max Hughes) 

The advantage of System Dynamics does not lie in its notation, but in its ability to 
describe complex situations. When it is used at MIT, it is often used to describe 
complex markets and to explore the effects of changes in availability of required inputs 
(e.g. oil) or the side effects of changes. System Dynamics models like the one shown 
above can be translated into interacting trend lines that suggest how things will change 
based on different sets of assumptions. For most System Dynamics modelers, the 
output curves are the most interesting elements. 

Probably the best known use of System Dynamics was undertaken by a team at 
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Dartmouth, headed by Donella H. Meadows in the early 70s. Meadows' team sought to 
model the world system and, subsequently, published their results in a book entitled 
The Limits to Growth. Their model covered a very large sheet of paper, but was 
basically a study of the interaction of five Stocks: Population, Food, Resources, 
Industrial Output, and Pollution. When the initial book was first published it was widely 
criticized by many different scholars and others who disagreed with the assumptions 
and the conclusions presented. More oil would be found, some suggested, ignoring the 
fact that the model, circa 1972, assumed that quite a bit more oil would be found. 
Population growth wouldn't be as large as suggested and consumption wouldn't be as 
great, etc., etc. The most criticized trend was the projection of Pollution. This issue was 
especially sensitive because alternative runs of the model with different projections 
showed that even if you doubled or tripled the assumptions about available resources 
and halved the assumptions about population growth, pollution would still become the 
limit on the growth of the system. 

The trend map shown in Figure 2 is not taken from the original Limits to Growth study, 
but from the recently published book: Limits to Growth: The 30-Year Update that 
Donella Meadows et al published in 2004. This run of the standard model takes into 
account what has happened in the years since the original book was published and 
refines the basic model to reflect valid criticisms. 

Figure 2. Projection of World Trends - The Standard Run (Meadows, 2004)

The 2004 model does not look very different from the initial standard run published in 
1972. The red line suggests where 2000 lies on this projection. As you can see, each of 
the variables is tracked and each is interacting with all the others. As population 
increases - and the world population has doubled since the original projection was 
done - more resources are consumed. Think about all the cars on the roads of China 
and India that weren't there in 1972. In a similar way, more people eat more food and 
produce more pollution. The 1972 study did not focus on global warming - the 
generation of carbon byproducts that increase the greenhouse effect generated by the 
atmosphere, causing a warmer environment, which in turn increases the severity of 
tornadoes. However, since then, that particular form of pollution has captured the 
attention of a world-wide audience, making all of us aware of the dangers to the world 
as we know it, if remedial action is not taken. 

Other projections, with different assumptions, reduce the crisis that appears in the 
standard run. Suffice to say, however, that there are no painless solutions, and every 
organization is going to be faced with dramatic changes and rapidly evolving 
challenges in the years ahead. 

This is not the place to continue to discuss this particular use of System Dynamics, but 
hopefully, it provides an idea of the power of this approach to modeling. For readers 
with responsibilities for projecting future resource needs and anticipating what various 



options might cost their organizations, System Dynamics offers more than 
conventional flow modeling and is worth studying in some depth. 

A conventional flow plan and a bit of simulation in any of the conventional process 
modeling analysis tools will identify many problems facing organizations, however a 
conventional flow plan would not provide much insight into a supply chain problem in 
which shipping costs, resource costs and personnel costs are all varying in different 
ways, each affecting the other. Do you really want to outsource small part 
manufacturing to China and then ship it back to the US, or would you be better off 
paying slightly more for manufacturing in Mexico and shipping the parts back to the US 
by truck, or...? Similarly, at what point in the future is the relationship between these 
variables likely to change dramatically? For these and similar problems, System 
Dynamics probably provides a better way to conceptualize your processes. 

BPTrends has published a series of articles by Max Hughes that provide a gentle 
introduction to System Dynamics and they can be found by searching "Hughes" on 
www.bptrends.com. The next step would be to read Sterman's Business Dynamics. 
Those so inclined might want to get one of the software tools that are used for System 
Dynamics modeling. Finally, if you wish to focus specifically on the environmental 
problems we will face in the near future, you will probably want to read the latest 
release of Limits to Growth: The 30-Year Update. 

As I remarked in my earlier Advisor on Greening, the environmental crisis is going to 
be with us for decades and will lead to one reevaluation after another. Today's critical 
issues are reducing our dependence on gas and oil and reducing carbon outputs with 
mechanisms like Carbon Trading. Later we will face other problems, like reducing our 
use of potable water and substituting more available materials for increasingly 
expensive ones. Now is the time to begin to think about how your organization's 
processes will be affected by some of these changes and to begin to consider what 
kinds of plans you can make to assure that your organization survives and prospers in 
the next decade. System Dynamics modeling can help with some of these problems. 

Till next time, 

Paul Harmon 
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