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Population Dynamics 

•  Population is the balance between births 
and deaths. 

•  Modern medicine and nutrition have 
increased the number of live births, 
reduced infant mortality and  
 increased life expectancy. 

•  Therefore, the population rate has 
increased. 

 



Causes of Population Collapse 

•  Carrying Capacity of the Earth is artificially 
inflated by energy stored in fossil fuels. 

•  Flywheel Effect – 20 year period to raise 
children already born so population 
expands well beyond the carrying capacity 

•  Peak Oil means we can’t supply the 
resources needed to keep these additional 
people alive. 

•  Population must collapse unless 
alternative energy sources are created. 



Sigmoid Curve Describes Typical 
Population Growth 



Ehrlich Equation 

I = P x A x T 
I is Impact 

P is Population 
A is Affluence 

 (Income Per Capita) 
T is Technological Level 



Income Per Capita 
[in 1990 dollars] 

•  YEAR  0  1000  1500  1820  1995 
•  World  $425  $420  $545  $675  $5,188 
•  The West  $439  $406  $624  $1,149  $19,990 
•  West Europe  450  400  670  1,269  17,456 
•  North America 400  400  400  1,233  22,933 
•  Japan  400  425  525  675  19,720 
•  The Rest  $423  $424  $532  $594  $2,971 

      Source: Angus Maddison 
University of Groningen 
Netherlands 

World Per Capita Income in 2010 -- $11,200 

         CIA Factbook 
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Sustainability Index in 1820 
(The Last Year the Earth was Sustainable) 

Ehrlich Equation:  I = P x A x T 
In 1820:  Impact = 1 billion Population x 
    $675 per capita income x 1 (std. tech.) = 

  $675 billion units of impact   [~Sustainable] 
In 2010:  Impact = 6 billion Population x 

  $11,200 per capita income x 5 (tech units) 
= $67,200 billion units of impact  

By 2010:  100 times the Impact! 



Actual Conditions 



Grand Banks Cod Fisheries Decline 





Ten Assumptions about Sustainability 
1) The basic problem is either peak oil or climate change.  
2) We are making progress in climate change and energy 

conservation. 
3) Climate change is our children’s and grandchildren’s problem. 
4) Technology, particularly energy efficiency, will solve the energy 

and climate change problems.   
5) We will be able to buy our way out of danger because the U.S. 

dollar is strong and we have a strong economy.  It will remain 
strong because we are an innovative and dynamic people. 

6) Govt. and business can move fast when the situation really gets 
bad (Look at what we did in WWII) 

7) Climate change and oil depletion will happen gradually and 
incrementally.  

8) We are ultimately the Masters of Our Fate – All we have to do is 
change our ways when things finally get too bad.   

9) We can solve the problem without changing the “rules” or 
changing social relationships.  

10) The government must enact new policies to solve the problems. 
      We really cannot make progress until this happens. 



1) The basic problem is either 
 peak oil or climate change.  

•  Actually, we are facing at least three 
interrelated problems: peak oil, peak 
commodities (food, metals) and dramatic 
climate change.   

•  In general, we are entering a period of 
“negative synergy”. Solving any one 
problem makes the others worse. 



Global Warming 
Pollution 

Shortages of  
Critical 

Materials 
 

Declining Energy 
Supplies 

The “Long Emergency” 
A term coined by 
Richard Heinberg 

Every “solution” must 
consider all three issues. 



2) We are making progress in climate 
change and energy conservation. 

•  We are producing more greenhouse gases 
every year.  In 2010, total global CO2 
emissions (33.0 billion tons) had increased 
30% since 2000 and 45% since 1990, the 
base year of the Kyoto Protocol. (EU) 

•  All projections point to greatly increased 
fossil fuel use in the future which means 
production of more CO2. (IEA) 









3) Climate change is our children’s and 
grandchildren’s problem. 

 •  Most of the environmental metrics point to 
climatic conditions deteriorating faster than 
predicted. This deterioration is occurring at 
an increasing rate. 

•  We overestimated the amount of green- 
house gases needed to cause irreversible 
climate change.  

•  We underestimated the amount of natural 
greenhouse gases which could be released 
at higher atmospheric temperatures.  



4) Technology, particularly energy efficiency, will 
solve all energy and climate change problems. 

•  Unfortunately, more efficient use of energy 
and increased energy use go together 

•  Since 1970, the U.S. is using 50% less 
energy per dollar of GDP, but using 25% 
more energy overall. 

•  Population is increasing and many more 
people in the world are in a position to use 
more energy. 



If we saved 80% of E. we use… 
•  U.S. uses 95 Quadrillion BTU/year (2009) or 

308 gigajoules/100M people. 
•  China and India together use 112 QBTU/Yr. 

or 45 GJ/100M people. 
•  If we meet our climate action plan goals, we 

will save 80% of the non-renewable fuels we 
use by 2050. 

•  Distributed among the 2.5 M Indians and 
Chinese, this raises their per capita usage to 
75 GJ/100M people. 

 



Right Up There With…. 
•  Croatia  88 
•  Argentina 80 
•  Latvia 79 
•  Serbia 77 
•  Bhutan 75 
•  India and China (with 80% saving of US energy) 
•  Uzbekistan 75 
•  Chile  72 
•  Panama 70 
•  Paraguay 69 



5) We will be able to buy our way out of danger 
because the U.S. dollar is strong and  

we have a strong economy. 
•  The U.S. Dollar is strong because it is a reserve 

currency.  For example, most oil sales are 
denominated and settled in U.S. dollars.  
However, this is by convention, not a law of 
nature. 

•  More than half of our debt is held by foreign 
governments and we are depending on them to 
buy future bond issues.  

•  We have used up most of our own natural 
resources and are dependent on other countries 
for our basic industrial materials.  



6) Govt. and business can move fast when the 
situation really gets bad  

(Look at what we did in WWII) 

•  The government will move fast when the 
situation deteriorates too much.  However, they 
will do the wrong thing. 

•  The government has decided that our problems 
is not enough energy.  By focusing all our 
resources on energy, we will accelerate climate 
change, and use resources and materials that 
we should save for other purposes in the future. 

•  The real problem in the future may be food. 
 



7) Climate change and oil depletion will 
happen gradually and incrementally. 

•  We are used to things happening gradually 
and incrementally.  We plan our lives on it.  

•  However, there were over 11 million auto 
accidents in 2011, resulting in 32,788 
deaths. 

•  Climate change looks to occur as a series of 
discontinuous events punctuated by relative 
stability. 

•  Oil depletion, because of increased demand 
from developing countries, looks to be a 
death spiral.   



8) We are ultimately the Masters of Our Fate –  
All we have to do is change our ways  

when things finally get too bad. 

•  Climate is under our control until the CO2 levels 
reach 450 ppm.  (We are at 385 ppm now.) 

•  CO2 stays in the atmosphere for 100+ years, so we 
can only avoid catastrophic climate change, not fix 
it once it has occurred. 

•  Positive natural feedback loops at 450 ppm kick in 
to boost CO2 levels beyond our control.  Higher 
temperatures generate higher levels of natural 
greenhouse gas release.   



Positive Feedback Loops 
•  Higher atmospheric temperatures melt arctic 

ice.  Less ice means a darker earth that 
absorbs more heat.   

•  Higher temperatures create more chemical 
activity in the soil which releases more CO2 

•  Permafrost melts releasing more stored 
organic material. 

•  Oceans warm up releasing methane hydrates 
•  All of this in addition to high levels of fossil 

fuel use and greenhouse gas release. 





Levels Which Trigger Positive 
Feedback Loops 

•  350 ppm (1°C) – Sea Ice Melts, Glaciers 
disappear 

•  400 ppm (2°C) – Unavoidable 
•  450 ppm (3°C) –Amazon burns up 
•  550 ppm (4°C) – Permafrost melts 
•  650-850 ppm (5°-6°C) – Methane Hydrates 

melt at the ocean bottom.  
(Homeostasis at Permian Temp. Levels) 





Summary of the Consequences 
 of Rapid Climate Change 

•  Warming of the atmosphere and oceans. 
•  Melting of all glaciers and ocean ice with a 

resulting rise in ocean levels. 
•  More extreme weather events including 

hurricanes, tornados and floods. 
•  Warmer,drier farmland in temperate climates. 

(Climate zones moving northward.)  
•  Desertification of prime grain growing areas. 



Descent Scenarios 
•  Brown Tech: (slow oil 

decline, fast climate 
change)  

•  Green Tech: (slow oil 
decline, slow climate 
change)  

•  Earth Steward: (fast oil 
decline, slow climate 
change)  

•  Lifeboats: (fast oil decline , 
fast climate change)  

Source: David Holmgren, Future Scenarios 
 



Source: David Holmgren 



Brown Tech 
 (Slow Oil Decline, Rapid Climate Change) 

•  Oil Peaks in 2010’s and declines slowly 
(2%/yr.) thereafter. 

•  Climate change causes major problems. 
•  Govt. responds with massive renewable 

energy system investments. 
•  Commodity prices increase as farming 

declines due to drought and competition 
from biofuels. 

 



Green Tech 
 (Slow Oil Decline, Slow Climate Change) 

•  Most benign conditions. 
•  Renewable energy generation dominant. 
•  Better energy efficiency and reduction in 

use help offset economic contraction. 
•  Relocalization of most activities including 

manufacturing and food raising. 
•  Move to a less materialistic culture. 



Earth Steward 
 (Fast Oil Decline, Slow Climate Change) 

•  Rapid non-renewable fuel depletion 
causes economic collapse. 

•  Electrical grid ceases to function, and 
electricity supply becomes sporadic. 

•  Radical reduction in mobility of people and 
goods. 

•  Cities find it hard to maintain infrastructure 
and many people move to rural areas. 

•  Simplification of all systems occur. 



Life Boat 
(Fast oil Decline, Fast Climate Change) 

•  Worst case scenario. 
•  Economic and political collapse. 
•  Require complete reorganization of society 
•  Urban areas are abandoned. 
•  Security is the most important concern. 
•  Most activity is cannibalizing existing. 
•  “Monastic” communities form to preserve 

existing knowledge and skills. 



We are not prepared. 





9) We can solve the problem without changing 
the “rules” or changing social relationships. 
•  Our standard of living and “way of life” is 

built on our current energy use.   
•  Most climate action plans require us to use 

80% less fossil fuel by 2050. 
•  There is no way that we can continue 
“business as usual” and achieve these 
goals and avoid catastrophic climate 
change. 

•  What other epic change in human history 
has featured the same institutions? 



10) The government must enact new policies 
 to solve these problems.  We really cannot make 

progress until this happens. 

•  Government can’t solve the problem. 
•  Their attempts will create blowback for the 

average citizen, without improving their 
chances of success. 

•  Only small groups of people can start the 
radical reorganization of society necessary 
to survive our energy and climate 
problems. 



I believe that the key issue 
which we have to face, as 
individuals and as communities, 
is how to transfer as much real 
wealth from this era into the 
resource scarce era which we 
are about to enter.  



The Community Solution 

•  Individual and small group solutions are 
destined to fail.  Not enough security or 
skills within a small group. 

•  Community scale responses are more 
appropriate, but should be limited to the 
most efficient community size (75-125). 



Circles of 100 
•  Create intentional communities of 75-125 

to create the resources and build the 
knowledge base needed for survival. 

•  Build or retrofit superinsulated living and 
working space for the entire community. 

•  Community pools income to create 
resources for the future and works to build 
self-sufficiency in basic necessities. 

•  Micro-economics of individuals realigned 
to create sustainable, non-growth 
communities. 



Good Luck 
Sustainability will require 

 a New Economics 
•  Our current economic system is built on 

the premise of continual growth.  This is 
not sustainable. 

•  Our economic system goes into recession 
without growth of at least 2-3%/yr.. 

•  Peak oil means that we will actually have 
economic contraction of at least 2-3%/yr., 
and possibly much more. 

•  This will lead to very high rates of 
unemployment. (One of the reasons to 
diversify your income stream.) 



Good Luck 
Current Economic Calculation 

•  Cost of Production = Labor + Materials + 
Energy + Shipping 

•  Labor costs are high, so manufacturing 
locations are chosen where labor is cheap. 

•  Technology is also used to eliminate labor. 
•  Materials are the next most expensive 

cost, so material substitutions are also 
important. 

•  Energy is becoming a factor and so 
energy efficiency is becoming more 
important. 



Good Luck 
Future Economic Calculations 

•  Energy and raw materials will be the most 
important factors.  The cost for energy will 
make transoceanic shipping cost 
prohibitive except for the most valuable 
merchandise. 

•  This will lead to reshoring and more local 
manufacturing.  Smaller markets mean 
making fewer thing. 

•  Making smaller quantities of manufactured 
goods will continue to put downward 
pressure on wages and they will continue 
to fall. 



Good Luck 
The real “Right to Work” 

•  Everyone has the right to do the kind of work 
they want to do for the wage that they want to do 
it at. 

•  We already do it without realizing it.  Spend 
money on hobbies (negative wages), volunteer 
for charity, work for a wage, and would charge a 
lot more to do unpleasant or dangerous work. 

•  Circle of 100 communities will do the work that is 
necessary to create the future that we want, 
regardless of the wages being paid.  (Only way 
to work outside of the constraints of the current 
economic system.) [Plant experiences.] 



Good Luck 
Why People Want High Wages 

1)  Fear!  Fear of unemployment, retirement, 
medical emergencies, being sued, etc. 
(Defensive Expenditures) 

2)  High Fixed Costs – Housing, utilities, food, 
taxes, medical care, etc.  

§  Circles of 100 reduces this fear by providing 
“free” energy-efficient housing, more efficient 
sharing of resources, group health care buying 
and a supportive community. (What is 
happiness?) 

§  This allows people to be “rich” when only 
making the minimum wage, but also allows the 
community to create capital. 



Household Expenditures 

Housing & 
Utilities 

Transport Food Clothes 

Healthcare & 
Insurance 

All Other 



Av. Annual 
Expenditures $48,109 

% of 
Total 

Housing $16,557 34.4% 

Transportation $7,677 16.0% 

Food $6,129 12.7% 

Apparel and Services $1,700 3.5% 

$32,063 66.6% 



Personal Insurance & 
Pensions $5,373 11.2% 

Healthcare $3,157 6.6% 

$8,530 17.7% 

Defensive Expenditures 



Balance which could be paid 
 out of Minimum Wages 

Entertainment $2,504 5.2% 
Cash Contributions $1,633 3.4% 
Education $1,074 2.2% 
Miscellaneous $849 1.8% 
Personal Care Items & 

Services $582 1.2% 
Alcoholic Beverages $412 0.9% 
Tobacco $362 0.8% 
Reading $100 0.2% 

$7,516 15.6% 



Net Income from Minimum Wages 

•  $7.25 is federal minimum wage 
•  X 40 hour week = $290/week 
•  Less federal taxes = $230/week 
•  Less state and federal taxes = $218/wk.  
•  Total take home = $11,336/year. 
•  This is more than enough to pay for all the 
“other” expenses. ($7,516) 



Good Luck 



Requirements for a Circle of 100 

•  Nucleus of committed people. 
•  Set of values that promote sustainability. 
•  Idea for sustainable “businesses” that the 

community can operate “profitably”. 
•  Process for recruiting and vetting new 

members who have the skills that the 
community needs. 

•  Members must be willing to revalue their 
labor to allow the community to prosper 
and generate investment capital. 



Good Luck 
Issues to Be Addressed in 
Circle of 100 Communities 

•  How to transition members from living 
autonomous lives into being full 
community members. 

•  How to prevent “free riders”. 
•  How to integrate member’s pre-existing 

assets and what to do if members leave 
the community. 

•  How to structure communities to 
accommodate member preferences 
(Private quarters? Common kitchen?) 



Meta Problems 
I.  Our Investments are in the wrong 

things. 
II.  We are living in the wrong places. 
III.  We don’t have the knowledge or skills 
       that we will need in the future. 

  



I. Our Wealth is Invested in the 
Wrong Assets 

•  Our wealth is invested in the current 
economic paradigm. 

•  Our wealth is in virtual “chits” (stocks, 
bonds) that represent future withdrawals 
against that system. 

•  The economy will be the first casualty of 
peak oil or climate change.  The economy, 
not the environment, is the “canary in the 
coal mine”. 

•  This will wipe most people out. 



Why are Demographics Important? 
•  Population is Aging – “Baby Boomers” are 

leaving the workforce 
•  The elderly will need to supplement their Social 

Security income. 
•  Healthcare and other expenses also go up for 

the elderly. 
•  Where will the money to pay for this come from?   
•  The elderly will be liquidating their investments 

to pay for their retirement. 
•  Who will be in a position to buy their 

investments?  No One! 







Good Luck 
What About Real Assets (Property) 
•  The Elderly will be moving out of their 

family homes into smaller apartments    
and into senior care facilities. 

•  They will be selling their houses. 
•  Who will be buying their houses (which are 

mostly in the suburbs)  No One! 
•  This means that there will be an 

oversupply of suburban homes, driving 
down their value. 

•  This will be exacerbated by rising energy 
prices which will make suburbs less 
desirable places to live.   



What about Commodities? 

•  Commodities are becoming increasingly 
valuable because they are becoming more 
scarce. 

•  I would not invest in gold or silver as they 
have little intrinsic worth. 

•  I would invest in copper, tin, aluminum, 
lead, and phosphorus. 

•  I would invest in ETF’s in the short term. 
•  I would want the actual stuff for the 

medium term and long term. 



Good Luck What is Real Value? 

•  Tools 
•  Skills 
•  Arable Land 
•  Water 
•  Support of family & friends (community) 



II. We are living 
 in the Wrong Places. 

•  Majority of Americans live in suburbs – 
places that require prodigious energy use 
to do ordinary things. 

•  Live on lots that are too small to farm and 
to big to mow. 

•  Our homes are woefully inadequately 
insulated and sealed. 

 



Places to Set Up a 
 Circle of 100 Community 

•  Places must be cheap, with land and 
water, and resources to build or rehab 
housing to Passivhaus standards. 

•  This seems to be in inner cities, small 
towns and rural areas.  

•  A “patron” will be needed to seed the 
community, but after an initial investment, 
the community can build itself out. 

•  Due to the number of foreclosed 
properties, this would seem like a good 
time to start building these communities. 





III. We don’t have the knowledge 
or skills to survive in our new world. 

•  Almost nobody knows how to do or make 
anything that they use on a daily basis. 

•  All of us are utterly dependent on vast, 
remote, highly-integrated systems run by 
“experts” to supply our most basic needs 
(food, heat, light) 

•  Most people don’t know of or have 
alternatives for the most basic services. 



Your Personal 
Survival Plan 



Key Problem 

We are confused 
about what we need 

and what we only 
want. 



What do you Really Need? 
•  A general rule of threes for survival is that to stay 

alive you must:  
•  Breathe air within three minutes*  
•  Find warmth/shelter within three hours  
•  Drink water within three days  
•  Eat food within three weeks  
•  * Most people pass out after one to two minutes 

without air. Some can last much longer than 
three minutes without difficulty.  

http://wiki.answers.com/Q/
How_long_can_you_live_without_air_food_and_
water#ixzz21VurSG00 
 



Basic Survival 
•  Water and Sanitation 
•  Shelter 
•  Food 
•  Fuel 
•  Fiber 
•  Healthcare 

These have to be provided in the absence of 
centralized systems.  They are normally 
supplied by communities, not individuals. 



Personal Sustainability 
 Survival Plan 

•  Short Term <10 years 
•  Mid Term  10-30 years 
•  Long Term  30-100 years 
•  You cannot act if you do not understand what 

the problem is that you are going to have to 
solve. 

•  If you are wrong, the world will keep limping 
along like it is now, and you will have simplified 
your life and made yourself more resilient.   

•  If you are right, you might be saving your life. 



Short Term Prognosis 

•  “Business as Usual” will be increasingly 
difficult and expensive.  Standards of living 
will decrease rapidly and social support 
systems will not be able to keep up with 
the needs. 

•  Business and government will start many 
new “sustainability” (ie. Energy) projects 
to keep the economy going. 

•  Think of it as a recession that never ends 
but only continues to get worse. 



Short Term Actions 
•  Get Out of Debt – Excessive debt will 

prevent you from obtaining capital for 
important self-reliance projects. 

•  Get Healthy – Most of what ails you is 
from overcomsumption and lack of 
exercise.  Stock up on medicine for the 
rest.  Keep in a refrigerator to preserve it.  
When it is gone, it might be gone forever. 

•  Find a small parcel of land for subsistence 
farming – look for small parcels of land 
near where you live.  Should either be 
hidden or flagrantly obvious.   



•  Consider moving out of the suburbs and into 
 a city. Public transportation and cheaper 
 housing will be important in the short run. 

•  Buy the most energy efficient car you can, get 
 access to a truck and farm equipment . 

•  Buy or rent a smaller, more energy efficient 
 house.  Seal and insulate that house even 
 more. 

•  Work several jobs – a diverse income stream 
 will be important. Make extra income 
 while there are jobs available. 



• Simplify your needs – Water, Food, Shelter, 
 Security is important; buying the first 
 three seasons of a new sitcom is not. 

• Turn unused assets into cash – you will be 
 reinvesting this into tools and equipment 
 to make yourself more self reliant. 

• Start learning the skills that will be necessary 
 for survival in the future. 

• Join with other who are working toward these 
 same goals. 



Things to Be Working on Mid-Term 
•  Look for land in an area where like-minded 

people live and learn to garden/farm. 
•  Become skilled at medical self-help. 
•  Explore renewable power sources. 
•  Find out how to provide yourself with water 

and sewage services. 
•  Study animal husbandry, horse mgmt. 
•  Learn a skill or trade like blacksmithing 
•  Stock up on critical materials (phosphate) 
•  Save money to invest in your next life 



Mid Term Prognosis 
•  “Business as Usual” will no longer be 

seen as a reasonable possibility. 
•  Major technological fixes for the problems 

will fail or fall far short of the needs of the 
population. 

•  Everything will be in short supply. 
•  Unemployment will be extremely high and 

people will be very desperate. 
•  Even the low-energy cities will be shutting 

down for lack of resources. 



Mid Term Projects 
•  It is time to move out of the city to a more 

rural area.  Try to find a place where 
people share your values. Find enough 
land to support yourself and those that 
depend on you. 

•  Time to use the skills that you have been 
working on.  Small scale farming and small 
scale manufacturing with available 
resources will be in high demand. 

•  Permaculture and other high yield, low 
input systems should be started. 



• Dig a well that you can get water out of if there 
 is no power. 

• Look out for your own security.  People will be 
 desperate for food, water and shelter and 
 there are those who will want to take what 
 you have. 

• Consider animals for power and 
 transportation. 



Things to Be Working on Long Term 
•  Keep informed on the progress of global 

warming and other mega threats. 
•  Decide what parts of “modern technology” 

are still important to you and work with 
others to create a “lifeboat” to preserve 
these technologies.   

•  Secure as much of the technology as you 
can including the support and repair 
facilities and parts that you need to keep it 
running. 

•  Amass the largest library of written 
materials on self-reliance that you can.   



Long Term Prognosis 

•  You will not be able to look outside your 
immediate area for energy or materials. 

•  Everyone is in survival mode.  You cannot look 
to others to help support you, only to make 
mutually beneficial exchanges with you.  

•  This is the endgame. This is the way that it will 
be for a very, very long time. At this point you 
are either able to support yourself sustainably or 
you will be in desperate straits. 



Long Term Action Plan 
•  With the exception of catastrophic climate 

change, this will be your home for the rest 
of your life.  Make it a peaceful, happy 
place. 

•  If climate change becomes too extreme 
[too hot, too little water] you may have to 
relocate to a more northerly climate, taking 
everything with you.   

•  You will have to choose what parts of 
“modern” technology you want to save 
and pass down to your children. 





Some Ideas for Chicago Businesses 
•  Urban Coppicing 
•  Construction of Masonry Heaters 
•  Preparation of Urban Lots for Farming 
•  Utilization of waste heat from industrial 

processes, co-locating facilities 
•  Superinsulation retrofitting 
•  Insect Raising 
•  Processing of Residential Sewage 
•  Fiber reclamation and reprocessing 
•  Composting 



Good Luck 
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1925 
Hog Butcher to the World 
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2007 
93,000 Sq. Ft. 
“Teardown” 



Tie It All Together 



Reuse and Recycle Materials 



Mimic Nature 



Use the Vertical Space 



Find Complementary Businesses 



Don’t Waste the Waste 



Generate Our Own Power 



Plant Chicago 



Aquaponics 



Spend Brewer’s Grains 
 



Mushrooms Growing on Brewer’s Grains 



“Nothing Leaves the  
Plant But Food” 







The World’s Population 
 is Getting Older 





 Japan has most aging citizens supported by the smallest number of workers. 
 Sustainability requires population contraction, so there will be more elderly. 



Baby Boomers 






