
I am an Agricultural Engineer from Germany and I belong to the generation of researchers that 
experienced the so called oil crisis. 

So I started my career in the eighties researching the same question as today: 

How to substitute fossil fuels by renewable ones?
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About 10 years ago I read in the book Environmental Accounting from the Crafoord price 
laureat Howard Odum:

"Because global consumption of fuels is occurring faster than their production by the 
environment, carbon dioxide has been increasing, affecting the climate.... 

Although biomass is more renewable, its EMERGY yield ratio is less than that of fossil 
fuels, and substitution would not reduce carbon dioxide release"

This statement of H.T. Odum and the fact that every year the IPCC-report confirms this 
statement led to the question: are now after 40 years research all our efforts to replace fossil 
energy by renewable ones in vain? 
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In 2013 I finished my presentation at a venue of the Energy Academy project about the energy 
consumption of the Finnish agriculture with following questions:  

• Shall we reduce animal production? 

Because animal production is the greatest energy consumer

• Shall we replace chemical fertilisers by organic ones?

Because recycling of manure – by the way primary target of organic farming since 
ever  - is presently in vogue 

• Shall we promote mixed farming?
Because mixed farms lower the logistic problems caused by locating crop and animal 
production far from each other

• Shall we charge farmers with external cost? 

Because allocating cost of environmental pollution to producers may decrease use 
of fossil energy, see CO2 certificates

• Shall we outsource agricultural production?

Because outsourcing will be the cheapest way to fulfil the EU targets to reduce CO2

emissions

The same questions were subject of a study ordered by The Ministry of Agriculture, last year, 
the results are published in this LUKE tutkimus report 12-2015
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My approach to discuss these questions may deviate from the mainstream approach because I 
focus rather on energy efficiency than on economic or environmental scales.

Yet I hope, that at the end of my presentation you accept that also the engineers point of view 
can explain, why all the excellent proposals to mitigate CO2 emissions are difficult to realise 
because of one reason:

Polluting the environment is – for the time being – the cheaper alternative.

Within the 20 minutes I have, I will present only some highlights of my energy analysis to 
justify this statement.

The methodology bases on

A Calculation of energy return on investment

B Holistic farm model where the farm boundary = system boundary

C Fossil energy input calculation
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The energy return on investment (EROI) describes the ratio between energy output and 
input. An EROI > 0 means, that an energy production process delivers more energy than 
it consumes.  The advantage of this measure is that energy input and output as well as 
resulting CO2 emissions are comparable. 

For example

A farm consumes 100 energy units of fossil fuels, exploited with an EROI of 20. Than 
the overall fossil energy consumption is 105 fossil energy units. 

Given, the farm replaces the fossil fuel with renewable fuel, produced with an EROI of 2, 
the overall energy consumption of renewable energy is 150 renewable energy units. 

In turn, if the energy input is limited to 105 energy units to maintain the same CO2

emission level, than only 70 renewable energy units remain at the farms disposal.

Another example

A car consumes 100 gasoline units produced with an EROI of 4.25. Than the overall 
fossil energy consumption is 124 fossil energy units. 

If we replace gasoline by ethanol produced from sugar cane with an EROI of 0.2 like we 
do in E95 gasoline, than the overall energy consumption of renewable energy is 600 
renewable energy units. 

If the energy input is limited to 124 to maintain the same CO2 emission level, only 21 
renewable energy units - that  is 1/5th - remain at the car owners disposal.
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We can apply this example to the whole economy of a country or even the world. The example 
here shows the result of a model calculation for the US economy.

“The results suggest that discretionary income  including both discretionary investments and 
discretionary consumption will move from the present 50 or so per cent in 2005 to about 10 per 
cent whenever - or if  - the composite EROI of all of our fuels reaches about 5”, in other words, 
we will in future mainly work to produce energy. 
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The question now is: how does the EROI of fossil fuels develop in future?

To answer this question I cite a study from Goldman Sachs.  After crude oil prices dropped 49 
percent in six months, oil projects planned for 2015 are still standing upright, but with little hope 
of a productive future. These projects are in expensive arctic oil, deep water-drilling regions 
and tar sands from Canada to Venezuela.

Goldman Sachs found almost 1 trillion $ in investments in future oil projects at risk. They 
looked at 400 of the world’s largest new oil and gas fields -- excluding U.S. shale -- and found 
projects representing 930 billion $ of future investment that are no longer profitable with oil at 
70 $. 

The magenta line of the chart shows the break-even points for the top 400 new fields and how 
much future oil production they represent. Less than a third of projects are still profitable with oil 
at 70 $. If the unprofitable projects are closed, it would mean a loss of 7.5 million barrels per 
day of production in 2025, equivalent to 8 percent of current global demand.

If cheap oil continues, it could be a major setback for the U.S. shale oil boom. If the price of oil 
averages 70 $ in 2015, 150 billion $ will be pulled from oil and gas exploration around the 
world.  An oil price of 65 $ dollars a barrel in 2015 would trigger the biggest drop in project 
finance in decades.

A pause in exploration and development may sound like good news for investors concerned 
about climate change. However these prices can’t stay low forever. Oil production hasn’t 
slowed yet, but as zombie projects go unfunded, it will. This is how the boom-bust-boom of the 
oil market goes: prices fall, then production follows, pushing prices higher again”. 

However, please note, the EROI (red dotted line added by me) of present oil and gas fields will 
never change.
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Now let us apply the EROI as a measure in the farm energy analysis

We may consider Finnish agriculture as a big farm embracing several production processes, 
storages and consumers.

Than we analyse the impact of fossil fuel input reduction on the different processes and on the 
farm output like food, feed, fibre, and fuel as well as losses and emissions.

While  the energy of fossil  fuel is easy to quantify via the heat value, the energy content 
embodied in goods and services is not easy to determine.

Thus I used two methods to calculate energy input and output:  

1) mass and mass to energy conversion factors (common in LCA)

2) expenditures and energy intensity (kWh/€).

The energy intensity is the gross domestic product divided by the consumed energy.

Presently the energy intensity of the world economy is about 3 kWh fossil energy per €.
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This graph allows us to compare different scenarios:

Presently the average EROI of oil is estimated to 15 (violet lines) resulting in a production price 
of 1.9 to 2.1 c/kWh.

In future exploitation of oil may become more difficult, requiring a higher energy input resulting 
in a lower EROI of 10 or even 5, which in turn rises the production price to between about 3 
c/kWh (red line) and  about 5 c/kWh (green line) respectively.

If we know the production cost of 1 kWh renewable energy, we can compare, whether the 
renewable fuel is competitive. 

The price for wood chips for example is 2 c/kWh and therefore very competitive with oil for 
heating purposes, the price for biogas based on heat value without storage and distribution grid 
is about 4 to 8 c/kWh .
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Here we see the energy input of Finnish agriculture calculated on mass basis. 

The red labels mark the direct energy input, the black ones embodied energy input.

Most important direct energy inputs are engine fuel, electricity, and heating oil for drying. 

Fuel oil input makes only 19% of the total energy input.

The embodied fossil energy input of agriculture is about 47% and exceeds the direct fossil 
energy input which amounts to about 26% of the total energy input.

Most important indirect energy inputs are machinery, fertilisers, and feed.

The right block shows different types of renewable energy input which covers already now 
more than a quarter of the total energy input. 

Direct and embodied fossil energy sum up to about 14.4 TWh that is about 6250 kWh/ha 
corresponding 625 litre oil

Thus we can conclude that replacing fossil fuels by renewable ones has a very little impact on 
CO2 mitigation.
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Similar results we receive applying the energy intensity methodology. 

Here we see the results based on the expenditures of Finnish agriculture after Statistics 
Finland.

The calculation on basis of energy intensity leads to similar results as the calculation on mass 
basis in terms of overall energy input. 

However the embodied energy of machinery is one magnitude greater than on mass basis. 
There may be two reasons: 

First, the machinery figures calculated on mass basis are 10 years old and concern the 
manufacture of machinery in Finland not the machinery on farm.

Second the mass to energy conversion factor is too high and the energy intensity for production 
of machinery is too low. 

Direct energy input and fertiliser input were calculated on mass basis, because the energy 
intensity underestimates the heating value of fuels and the high fossil fuel input to produce 
fertilisers. 

Here, the direct energy input figure does not distinguish between renewable and fossil energy 
input. 

Yet the total energy input calculation of both methods shows similar results (19% fossil+26% 
renewable= 45% on mass basis, 43% on energy intensity basis) 
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Lessons learned from these facts:

Substitution of fossil fuels by renewable ones increases energy consumption and production 
costs.

More important is the mitigation potential of embodied energy in goods and services. 

Renewable engine fuel, produced from biomass, is not competitive with fossil fuels in terms of 
EROI. 

The same is valid for renewable energy techniques.  E.g. Kalmari claims, that the energy of 
one ha biomass replaces gasoline to drive a car 40 000 km with biogas. If we apply the same 
calculation method on solar technique, than the energy converted from one ha solar panels 
would be enough for 5 000 000 km of a electricity powered car.

In agriculture the most efficient way to mitigate CO2 emissions is, to include the entropy of 
agricultural products in energy policy decision making.

E.g.: Even though energy from wood may have a high EROI, processing fuels from wood of 
low entropy makes no sense: Producing a table from a tree and burning the residues and the 
table at the end of its lifetime renders the same energy gain as using the tree for firewood only. 

Organic crop production saves the embodied energy of nitrogen fertilisers and the improved 
soil fertility may absorb up to 50 % of the CO2 emissions of agriculture.

Now we look at the impact of replacing fossil fuels by renewable ones on farm level
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The most effective and simple way to reduce CO2 emissions on farm level is outsourcing fossil 
fuel consuming work. E.g., the farmer may reduce CO2 emissions buying electric power 
produced from renewable resources, giving all fieldwork to a contractor obligated to use 
biodiesel, and using wood chips for heating the buildings. 

Than the CO2 mitigation of the farm is nearly 100% in respect of direct fossil fuels. It is obvious 
that these actions will not reduce the Finnish CO2 balance. However, the same questionable 
practice is officially accepted on national level: To improve the Finnish CO2 balance, Neste
imports valuable energy rich food of low entropy like palm oil to substitute import of fossil fuels.

Green manure crops may replace fertilisers, use of on farm produced seeds and seedlings 
(C1), and/or recycling organic residues (C1, C4) lowers indirect fossil energy input. As a 
following both Y1 (yield of food, feed, fibre, and wood) and Y7 (emission of CO2 and leakage of 
nutrients) may decrease. Recycling organic matter improves soil fertility and may absorb up to 
50 % of the CO2 emissions of agriculture. However, production cost will rise. 

If we replace tractors by animal draught, Xi1 and Xi6 will decrease on cost of Y1. R1 will 
considerably increase. Fertilisers may partly be replaced by compost from organic residues. 
CO2 balance will improve sustainably. The proposal is not suitable for big farms, but creates 
synergies for multifunctional farms and green care farms.

Replace tractors by solar powered gantry technology combined with precision farming 
techniques. This technique may also be combined with animal draught. Although the technical 
components for this technique are available, the concept is not realised yet and should become 
subject of research. The CO2 balance will improve only, if the EROI of this technique is greater 
than that of fossil fuels.

Increased handwork (R1) e.g. to substitute embodied energy of agrochemicals makes no 
sense as long as human work (60-300 W ) is extremely expensive (>10€/h) resulting in an 
energy price of (33 to 167 €/kWh).
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If the crop production farm additionally supplies energy, the model may look like this:

Straw is often considered as renewable energy source of crop production farms. 
However, any crop residue withdrawn from soil (C7) affects the soil fertility and thus the 
CO2 storage ability of soils. The EROI of straw in district heating plants is 8 only.

Typical energy crops are Salix and in Finland RCG. The EROI in terms of heating 
values is quit high and ranges from about 7 (Miscanthus), 25 to 40 (Salix) up to 50 
(Pine) if Xi1 is considered as the only input. However, the EROI of solid biofuels 
decreases rapidly if biomass is converted into liquid fuels or electricity. The EROI of 
rape is hardly competitive with fossil fuels.

Production of fibre crops like RCG as fuel (C3) is not competitive with wood but fibre 
crops may be used in bio-economy as raw material for insulation. Insulation fibre of one 
ha RCG may save 19 to 69 times more CO2 eq emissions than burning the fibre if we 
may save the equivalent energy quantity of heating oil.

Production of biogas from crop residues makes no sense because heat and power 
from biogas plant are generated continuously, but consumption on this farm type is 
depending on season and daytime. To power farm machinery or cars with biogas, 
storage and compression facilities would be necessary. This worsens the low 
competitiveness of biogas production. 

Use of wood gas to power machinery. This alternative is covered by recycling organic 
residues (C1 replaces Xi1 in terms of diesel). Wood gas generation was applied for 
farm machinery during world war two but requires considerable modifications on 
existing machinery and is presently not realistic on farm level although it may improve 
the CO2 balance.
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Animal husbandry farm

Animal husbandry farms like fur, pork, and poultry production and horse farms 
without crop production are the worst nutrient (Y7) and CO2 (Y) polluters of all 
farm types. Like in industrial factories, the only possibility to reduce CO2 emissions 
of fossil fuels is to save energy that is to reduce Xi. Biogas from manure only is not 
competitive at all but may mitigate nutrient losses. 

Strategies to reduce fossil fuel consumption of the animal production farm are:

Insulation of buildings 

Installation of electric power saving equipment (lightening, conveying, air 
conditioning)

Installation of heat pumps to recover heat from air condition and cooling facilities 

Earth heat pump, air-air heat pump, air-water heat pump for heating buildings 

However, all these measures increase production cost and require an greater 
energy input as long fossil fuels render a higher EROI.
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The mixed farm has the greatest potential for CO2 mitigation because it offers a great extent of 
self-sufficiency. Especially organic mixed farms save about 50% of fossil energy. The natural 
and - in respect of energy efficiency - most efficient mixed farm produces according to its 
natural resources: energy from animal draught, forest, wind, and waterfalls, food, feed, and 
fibre from the available arable land, milk and meat from the available pasture land, poultry from 
waste cereals on pork from organic waste. Manure and crop residues not usable for fodder are 
composted and thus the nutrient cycle is nearly closed. 

Following actions may reduce fossil energy consumption:

• Plan crop rotation and number of animals to reach self-sufficiency of feed and nutrients 

• Produce own animal offspring and own seed (A2, C1)

• Recycle nutrients by composting organic materials not suitable for feed (C7, and A7)

• Consume and process farm products as much as possible on farm (C4, B4)

• Compensate higher production cost by multifunctional agriculture (Community Supported 
Agriculture, green care farming, eco-villages and so on)

Green care farms emerging throughout Europe transfer "multifunctionality" into practice. They 
are usually organic mixed farms and meet the demand of policy makers to create jobs in rural 
areas offering social services. 

However, the present agricultural policy considers this farm type as old fashioned and unable to 
meet the economy of scales. Although there are some farms in Finland managed according to 
this principle, there is very view scientific research results available indicating that this farm 
type is most efficient in terms of fossil energy use and nutrient recycling. First attempts to do 
such research were made within the European BERAS-projects.
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Conclusions:

The EROI of fossil fuels remains probably on high level during the next 50 to 100 years. Oil an 
gas will be replaced by coal, in Finland also by nuclear power, peat and wood.

Substitution of fossil fuels by renewable ones causes always additional costs, because all 
known techniques to provide renewable energy need more energy than fossil fuel exploitation. 
In other words: Polluting the environment is  - for the time being – the most competitive 
alternative for Finnish farms.

EXAMPLE
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Polluting the environment using fossil fuels is - for the time being - the most competitive 
alternative
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Although biomass is more renewable than fossil fuels, its EROI is lower and substitution will not 
reduce CO2 emissions 

Climate change may force humankind to reduce fossil fuel consumption. The only sustainable 
way to achieve this is reduction of fossil fuel exploitation. However this is not possible on 
national level.
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Recommendations:

Finnish agriculture consumes more energy than it produces. Therefore substitution of fossil fuel 
has to start on farm level.

Promoting organic production may kill three birds with one  stone:

1) Fossil energy embodied in agrochemicals is excluded and CO2 sequestration of the topsoil 
may be enhanced.

2) Food from animal production will decrease and food from crop production  may increase 
because of increased biodiversity  based on fodder production and crop rotation. 

3) In case that lower crop yields cause increased import of food to maintain the level of self-
sufficiency, CO2 –emissions are outsourced.

A sustainable way to mitigate CO2 emissions is, to tax consumption of fossil fuels and natural 
resources instead of human work. Realisation may be impossible as long as the paradigm of 
economic growth has the first priority. Further the proposal requires that it is applied all over the 
world to ensure competitiveness.

Another mean is to introduce the ”polluter pays” principle. This may include labelling 
conventional produced food  like “produced using artificial fertilisers and pesticides in 
compliance with EU-legislation”, CO2 certificates, or stepwise taxing agrochemicals on such a 
level, that organic fertilisers and pest control become more competitive.
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Ways out

Fossil fuel may be increasingly used to develop techniques for the synthesis of carbon hydrates 
from CO2 because the conversion efficiency of sun energy into electricity and heat is up to 100 
times more efficient than photosynthesis. 

In the light of these techniques and their high efficiencies, energy crops for fuel technologies 
have no future.

Outsourcing of CO2 emissions to improve the national CO2 balance: for example import of palm 
oil, ethanol, feed, food, solar panels.

Recognising the fact that only agricultural production - and I stress here the word culture –
decreases entropy.  

This is the strongest argument to  justify the existence of an agricultural ministry although the 
economic impact of agriculture upon the gross domestic product is quite small:.

Thinking in systems instead of chains requires also a paradigm change as the future 
researcher at MIT Otto Scharmer states:

”Moving from Egosystem to Ecosystem Awareness“
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