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Ecological accounting

■ Some 6 billion people participate in the 
world market 

■ 20 million small and medium sized 
enterprises 

■ 5 to 6 million different products traded 
internationally 

■ 200+ countries with differing climates, 
resources, politics, economics, historical, 

and cultural realities 
■ All depending entirely upon a single system:  

Spaceship Earth
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False prices

■ The prices we pay for goods and services 
today are not derived from scientific 

principles or from complete accounting, they 
are instead: 

● Dysfunctional partial accounts that neglect 
environmental and social costs.  

● This flawed Neoclassical accounting is being 
called autistic economics 

■ We need to move to accounting that 
includes all costs and benefits   



4

True cost accounting

■ When faced with any problem in 
sustainability always ask yourself:  
WHO PROFITS? WHO PAYS? 

■ Internal costs - are the currently counted 
costs (of production, transport, sales, profit) 

■ External costs - uncounted costs, pollution, 
health impacts, social impacts, depletion 

etc.  
■ Local and global, current and future 
■ There are both public and private 

externalities
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Life cycle cost assessment

■ One of the most important concerns 
is evaluating the lifecycle cost or 
value including currently counted 

costs (internal costs) and currently 
uncounted costs (external costs)  

■ From the first step in making a 
product until its final recycling or 

disposal 
■ We should also track asset value as 

well to see how well we are 
maintaining things
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Money and Resources

■ True cost accounting demands 
full accounting for all financial 
impacts, resource use and 
environmental and social costs 
and benefits 

■ This is challenging - but can be 
done
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LCCA - cradle to cradle or  
cradle to grave
■ A=air pollution, W=water pollution, L=land, X=toxics, 

E = ecosystem damage, H =health costs, S =social 
cost, t = transportation  
  A   t   W    t   L   x  X   t   E   t   H   t   S  

  Material gathering    
Material processing    
Manufacturing    
Distribution (losses)    Sales 
    Use   
   Maintenance   
  Disposal
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Product Ecofootprints

■ Industrial products carry non-
renewable footprints that average 
about 30 times their own weight  

■ So less than 5% of the non-
renewable natural material disturbed 
in the environment typically ends up 

in a technically useful form  
■ For a PC the ecofootprint weighs 

100-200 kg per kg of product.
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Counting the resource cost

■ Close to 3 tons of non-renewable 
resources are invested in each 

catalytic converter (largely to mine 
and process the platinum) 

■ Thus pollution control causes 
pollution  

There is no free lunch!
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MFA/SFA

■ To track materials we need to do a material 
or substance flow analysis  

■ This is simple to state,  
but can be challenging 

■ Input + formation =    
output + degradation + accumulation  

■ Materials are imported and exported, they 
flow across borders in air and water, and 

often show where they were not supposed 
to be-- like in our blood or tissues!
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Step 1. System analysis

■ Identify and quantify all types of 
transport and process affecting 

material flow  
■ Primary flows may be relatively 

accurate – mined, shipped, 
manufactured, recycled 

■ Secondary flows as contaminants in 
air, food and water are much more 

difficult  
■  What effects did historic use have? 

Are there legacy pollutants?
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Step 2. Balancing

■ Can we "balance the books”? 
■ What goes missing?  
■ What is ending up in high risk 

locations?  
■ This can highlight where more 

research is urgently needed 
■ How large is the uncertainty? 
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Step 3. Analysis 

■ What are the existing risks to people 
and the environment?  

■ What are the estimated costs?  
■ Is it a crisis that demands immediate 

attention? 
■  Are there substitutes?
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Step 4. Recommendations

■ Is the first priority better data?  
■ Are there obvious leaks that should 

be plugged immediately?  
■ What are the trends?  
■ Do we need new rules and 

regulations?  
■ Financial incentives to reduce 

emissions?
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Highlights of lead sources in 
solid waste in Denmark
■ Estimate, metric tons year  
(uncertainty suggested by range estimate ratio)  

  Low high ratio 
TV tubes   450 750 1.7 
Fishing weights  250 300 1.2 
Shredder fluff  200 1000 5.0 
Pigments (paint, plastic)    150 250 1.7 
Electronic solder    90 150 1.7 
Flashing and sheets (roof)   50 200 4.0 
Crystal glass    50 100 2.0 
Stabilizer in PVC plastic   30 100 3.3 
Ceramic glazing    25 150 6.0 
Lights – solder, glass   22 35 1.6 
Curtains, wine bottle foil   10 100 10.0 
total    1400 3400 2.4
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Improved accounting can 
help drive the transition to 
sustainable management 

■ In parts of the U.S. and the world 
lead shot from hunting is a serious 

problem  
■ Lead solder was widely used in 

home plumbing and electronics 
■ The Romans used lead pipes, 

which caused many health 
problems 
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Driving change

■ New York City still has some lead 
water pipes 

■ True cost accounting would lead to 
rapid replacement of all lead pipes 

■ Lead is still used in solder and in roof 
flashing 

■ True cost accounting would end 
these uses
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Complexity

■ True cost accounting helps us make 
difficult decisions 

■ Should we use CFLs? 
■ Everyone says so - but they contain 

mercury -- a toxic material 
■ We probably should use them --

because they save energy -- but only 
if we develop a good collection and 
recycling process 

■ This will require cash incentives
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Money over time

■ Two other factors to consider in 
LCCA are the intertwined issues 
of opportunity cost and discount 

rate 
■ The opportunity cost is what else 

could be done with the money 
■ The discount rate considers how 

we value the future
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Opportunity cost

■ We can invest in a solar hot water 
heater - or a regular water heater - or 

a flash water heater 
■ Or we could put our money in the 

bank, mutual fund or stock 
■ Or we could buy a flat screen TV 
■ Or we could buy a bundle of lottery 

tickets or bet the ponies 
■ Opportunity cost is about options, 

risks and rewards
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What is fair choice?

■ The most conservative assessment is to 
consider the most rational alternatives 

■ Over 30 years we might use one solar water 
heater - or 4 gas water heaters 

■ If we count life cycle costs the solar water 
heater is a very good investment even tho’ it 

costs 4x as much 
■ It will save $7000 dollars in energy and $1800 

in water heater replacement, and 
■ 41,000 kg of CO2 and 120 kg of NOx emissions 
■ The carbon dioxide tax saving would be $600 

in some countries
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Opportunity cost

■ We can buy AA alkaline batteries 
■ Or more costly rechargeable NiMH 

batteries and a charger 
■ If we are heavy battery users over the 

lifetime of the NiMH batteries we 
would use 2000 alkaline batteries for 
4000 Amphours at a cost of $1425 or 

4 NiMH batteries, a charger and 
electricity to recharge them - at a total 

cost of $64  
■ Which is the better choice?
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Opportunity cost

■ A $17,000 Toyota that averages 35 
mpg and lasts 200,000 miles 

■ A $17,000 GM that averages 22 mpg 
and lasts 100,000 miles 

■ Over 10 years - the Toyota uses 
$17,000 of gas and cost $17,000 

(not including finance costs) 
■ Over 10 years the GM uses $27,000 

of gas and 2 cars cost $34,000
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Which makes more sense?

■ The obvious net saving is $27,000! Or 
about $2700  a year if we could afford cash 
and made no alternative investments of the 
savings - include financing and investment 

and the savings could triple 
■ In addition there will be much less global 

warming gas emitted, less health and 
ecosystem damage in use and 

manufacturing 
■ The more reliable car needs less 

maintenance, fewer breakdowns mean less 
time cost for inconvenience, trips to the 

shop and rescue trips by others
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Opportunity cost

■ Opportunity cost can also be used to 
look at management issues  

■ Tax collection for example is very 
costly, it has a high opportunity cost 

(as a parasitic cost it does no good -- 
when we could spend the money 

doing other things) 
■ Regulations, enforcement, 

accountants, lawyers, stress 
■ Fees are less costly!
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Discount rate

■ Conventional economics often 
disregards the future using a high 

discount rate 
■ Discounting the future makes sense 

to individuals but not Society 
■ If we assume a discount rate of 10% 

we are saying that seven years in the 
future is worth only half what today is! 

72/10% DR year = 7.2 years
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Discount rate is critical

■ If the DR is 5%, which is low by 
many standards then: 
● The person born now who benefits 

from a 200 year lifetime project 
gets  

● (1/1.05)1 = 0.952381 
● The person born at the end gets 

only 
● 1/(1.05)200 = 0.000058
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Your discount rate

■ If you are 75 years old a 10% discount rate 
may make sense because you may not 

make it to 84 
■ If you are young and value your children 

and future grandchildren, a discount rate of 
1% may make more sense 

■ A negative discount rate might be better! 
■ Discount rates shape investment - if DRs 

are high investing for the long term is 
discouraged  

■ Discount rates and interest rates are related
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Interest rate

■ What should the interest rate be? 
■ Some say it should be zero (Islam, 

early Christianity) 
■ Others say it should be high (rates for 

loan sharks and lenders in the 3rd 
world may reach 100% a month) 

■ The choice of interest and discount 
rates is moral/political - not scientific 

or rational
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Tree Economics

■ The interest rate should 
encourage investment for the 

long term, not speculation 
■ A temperate forest grows about 

2% a year - not a bad interest 
rate 

■ If inflation is 3% then interest 
would be 3% + 2% or 5%
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Future Imperfect

■ AC Pigou was also among the first 
economists to consider our failure to 
act rationally with regard to the future 

■ He noted we are irrational and accept 
small gains today in preference to 

larger gains in the future 
■ He also noted the problem of 

resource mismanagement related to 
this failure to foresee the obvious
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Net Present Value

■ One tool for looking at lifetime value is NPV 
■ Net present value sums all current and 

future costs and benefits with discounting 
■ This then “says” whether a project is good 

or not good 
■ NPV = B0-C0 + B1-C1 + Bn-Cn  

     (1+dr)0   (1+dr)1   (1+dr)n 

It is a political and ethical choice - depending 
almost entirely on the discount rate! 
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Disposable Income

■ It is also important to calculate costs 
using disposable income 

■ To buy a CD for example, $17 
■ You make $17 hour -- so you say to 

yourself it costs one hour 
■ But really, it costs much more. After 

you pay for rent, food, insurance, car 
you might have only $2 hour/hour 

worked left over - so the CD costs 8.5 
hours!
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The consumption society

■ Our current way of life is based on 
faulty accounting, it says: 
Consumption is king! 

■ Not happiness, satisfaction or quality 
of life 

■ We need to rethink how we live and 
what we live for 

● Is it simply to make the Walton family rich? 
● Or to help Mobil make a few billion more?
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Gross National Product

■ Consumption+Investment+ 
Government+Exports-Imports 

■ Consumption is 56% of GNP 
● 50% services 
● 16% durables 
● 34% non-durables 

■ What should we track instead?
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Genuine Progress Indicator

■ A more complex market-basket of 
money, health, education and 

environment 
■ GPI has trended down in many 

countries  even though GNP is rising 
■ This is not surprising 
■ People feel GPI not GNP 
■ Or we could use Gross National 

Happiness like Bhutan
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The lottery society

■ We want to get rich quick 
■ Lotteries sell billions of dollars of 

tickets every year 
■ The derivatives and equity markets 

(super-lotto) now have 300+ trillion 
dollars “invested” 

■ This is more than 8 times the GDP of the 
US, Canada, China, Japan and Europe 

combined 
■ If the same amount was invested in real 

projects with sustainable value we could 
transform the world in 5 years
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