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Solutions to the Climate Change Crisis
Impossibility of reaching a global accord with 180 world 
leaders – 20+ international conferences 

What are our options?
Ignore - Business as Usual (BAU)

Lifestyle change – much lower carbon footprint?

Need to get off oil – alternative/renewable energy systems/ wind, 
solar, hydro/ocean/ biomass/biofuels?

Mitigation 

Adaptation

Putting a price on carbon

Geo-engineering

No easy solution due to lack of political will

The carbon debt problem – the developed world is 
responsible for causing > 80% of GHG emissions – while 
the developing world suffers the most serious impacts



Biofuels



Definition
Biofuels are liquid and gaseous fuels produced from biomass: organic 

materials derived from plants or animals

Many attempts to classify – IEA Roadmap 2011 – define as 
conventional and advanced biotechnologies

Conventional biotechnologies are mostly in operation – commonly 
referred to as first generation they include sugar and starch-based 
ethanol, crop-based biodiesel and biogas from anaerobic digestion

Typical feed-stocks include sugar cane/ beet, starch grains (corn, 
wheat), oil crops - rape, (canola), soy bean and palm oil – as well as 
spent cooking oil – includes biodiesel such as Jatropha

Advanced biotechnologies are conversion technologies mostly in 
research, pilot stage (also referred to as second or third generation 
biofuels) includes – biofuels based on lignocellulosic biomass (cellulosic 
ethanol), biomass-to-liquids (BtL) -diesel

Most recent advances include algae-based biofuels and catalytic 
conversion of sugar to biofuel



Bioenergy and biofuels

Bioenergy describes any energy source based on biological matter –
everything from an dung cooking fire or a biomass power station to 
ethanol-based car fuel

Unlike oil, coal or gas, bioenergy is a renewable energy option, because 
plant and animal materials can be easily regenerated

Biofuels usually refer to liquid bioenergy fuels such as bioethanol (used 
as additive to gasoline) and biodiesel – a diesel substitute

The environmental and social benefits of bioenergy are contested –
especially in the case of biofuels, which are often produced from food 

crops such as palm oil, corn or sugar. n petrol engines)



Renewables share of global energy mix 2012



Biofuel sources 
Fuel liquids can be made from anything that can be grown or 
once grew:

Crops or wild plants
Agricultural bye-products
Organics from urban garbage and wastes

Biofuels are fuels produced from biomass that can be used 
for transport, heating, electricity generation or cooking
Must be viable
Financial/ business model – compete with other fuel sources

Carbon balance, sustainability & environmentally sound
Main groups

Bioethanol from corn, sugar cane…

Biodiesel – vegetable oils & recycled oils

Synfuels – gasification of organics; diesel or gas

Advanced biofuels from agricultural and other wastes



The Vision 

Only a few years ago liquid biofuels were widely viewed as 
green gold - a resource that could mitigate global climate 
change, promote energy security - support agricultural 
producers around the world

Since then, agricultural food commodity prices have risen 
rapidly raising concerns over environmental impacts of 
producing biofuels from an overburdened agricultural 
resource base

The biofuels debate needs to address issues of food 
security, loss of arable land and wider environmental and 
agricultural development challenges in developing countries

Forecasts from International Energy Agency suggest that 
by 2050 biofuels will contribute 30% of all fuel sources for 
transportation



Current status of biofuels
Major drivers for biofuels production have been to reduce dependence 

on fossil fuels, reduction in GHG emissions, create a national independent 
fuel supply (U.S.) and to create a new fuel production industry 

As a result global biofuel production grown fivefold in 10 years since 
2000 from ca 16 billion litres to over 100 billion litres in 2010 (equivalent to 
3% of total road transport fuel globally (e.g. Brazil – 20%, U.S. - 4% and 
E.U -3%.





Conventional/ 1st generation biofuels -
bioethanol

Despite concerns about sustainability and economics 
of bio-ethanol production from food crops there is still a 
relatively thriving industry (see next slide)

However, with increasing food costs, producing 
ethanol from corn, maize and other grains is becoming 
less economically viable as well as of dubious ethical 
value

Brazil has a thriving bioethanol base transport fuel 
industry while Cuba is planning to convert its sugar cane 
industry (previously subsidized by USSR) into ethanol 
production



Bioethanol production Cuba and Latin America

After fall of Communist regime in 1990 Cuba’s subsidized sugar industry 
disappeared and country converted to ethanol production –also Brazil 



Global bioethanol production
Brazil leader >15B L sugarcane-based bioethanol - started  

1970 (increasing oil prices) now >40% of transportation fuel 
needs

US produces > 40% world’s bioethanol production -20B litres 
supplying 3.8% of national gasoline consumption

Cuba and Caribbean - strong sugarcane industries -Central 
America- Costa Rica, Guatemala expanding sugarcane 
production

East Asia - China 7.5% global production (maize, cassava, 
rice), India 3.7(sugarcane, cassava) - Thailand (0.7%)

Europe (7%) - France (sugar beet, wheat), Germany, Spain

Africa - South Africa, Kenya, Malawi, Zimbabwe, Mozambique 
– mostly sugarcane based but exploring sorghum and cassava



Environmental concerns of corn ethanol

Atmospheric emissions

Carbon in production/processing life cycle

Expansion of intensive agriculture

More land, more inputs

Water quantity and quality

Corn is a leaky crop – as more acres are shifted to production 
requires more fertilizer, pesticide

Irrigated corn uses 2,000 gallons of water per gallon of ethanol

Ethanol refinery uses 3-5 gall water per gallon of ethanol

Concerns over competition between crop use for food vs. fuel with loss 
of arable land due to impacts of climate change has shifted focus to non-
food crops cultivated solely for biofuels use



Biodiesel - Jatropha (Jatropha Curcus)

Jatropha is a bush or tree that grows widely and produces seeds that 
contain from 25 to 40% oil

Amongst its many uses it has been used to build fences to protect 
livestock in Africa

In 2007, Goldman Sachs reported that Jatropha was the best candidate 
for biodiesel production

It is claimed to be relatively drought-resistant and hence can grow on 
lands poorly suited for farming (evidence that yields are reduced)

Seed yields under cultivation can range from 1,500 - 2,000 kg/ha 
(kilograms per hectare) – oil yields of 540 to 680 l/ha or 1600 litres diesel 
fuel/ha/yr (1 ha = 2 acres)

The Jatropha production process is labour intensive and can contribute 
to rural employment especially small farmers.



Jatropha (jatropha curcus)



Jatropha plantation (50,000Ha) in Ghana



Biodiesel production

EU – biodiesel is mainly product from rapeseed – approximately 2% 
used in transportation fuel of which 80% is biodiesel

Americas - US mainly soy based, Brazil, soy, palm oil but also 
Colombia, Ecuador, soy and Argentina rapidly developing soy based 
biodiesel

Asia – Malaysia and Indonesia, palm oil and Jatropha, India has started 
a large Jatropha program for domestic biodiesel market

Oceania - Pacific islands experimenting with palm, coconut oils, 
Philippines and other SE< Asian countries scaling up coconut oil biodiesel

Africa – many African counties (Burkina Faso, Cameroon, Lesotho, 
Madagascar, Malawi and South Africa) are beginning development with 
Jatropha while Swaziland and Zambia already have commercial size
plantations

While many of these efforts above are aimed at local consumption 
avoiding the cost of imported fossil fuels – there is also an active export 
market 



Advanced Biotechnologies

Also referred to as second or third 
generation biotechnologies



Advanced biofuels - ethanol from waste

First Cellulose Ethanol 

Shipment 2004

CoCo--production of food and fuelproduction of food and fuel



Advanced (2nd generation) biofuels – cellulosic 
ethanol production

Most plant material contains cellulose, hemicellulose and lignin (not starch 
or sugar) - cellulose and hemicellulose make up the cell walls – lignin makes 
up the rest

First generation technologies for biofuels were based on fermentation and 
distillation from sugar and starch rice crops

Second generation technologies based on converting cellulose and 
hemicellulose from straw, forestry waste and dedicated fuel crops into sugar 
and converting sugar by fermentation and distillation to bioethanol

The problem is not chemical – its biochemical  - plant lignins hold the cell 
walls together and must be removed

Sugars in cellulosic biomass locked up in cellulose/hemicellulose mostly 
as non-glucose sugars - cannot be treated by enzymes to produce ethanol

Almost all second generation biofuel programs are still at the research or 
pilot stage



Status of advanced biofuels
The major goal of advanced (2nd generation) biofuels is to increase 

amount of biofuels that can be produced sustainably using biomass 
consisting of the residual non-food parts of current crops, such as stems, 
leaves, husks

In addition other non-food crops, switchgrass, Jatropha, some cereals 
with small grains and also industry wastes such as woodchips, skins and 
pulp from fruit/ wine pressings

The challenge is to develop biological processes that can extract 
feedstocks from this fibrous biomass where the useful sugars are locked in
by lignin, hemicellulose and cellulose

Lignin, hemicellulose and cellulose are complex carbohydrates 
(molecules based on sugar)

Lignocellulosic ethanol is made by freeing the sugar molecules from 
cellulose using enzymes, steam heating or other pre-treatments – the 
releases sugars are then fermented to produce ethanol in the same way as 
first generation bioethanol production

The by-product of this process is lignin which can be burnt as a carbon-
neutral fuel to produce heat and power



Biodiesel from Algae
The production of biodiesel from Algae is considered to have enormous 

future potential – sometimes referred to as 3rd generation biofuel 

Considerable promise for producing a high quality biodiesel and analog 
to jet fuel

Benefits are that algae can be grown 

on wide range of water types, fresh, 

brackish, saline and wastewater and

also potentially recycle CO2 and 

other nutrients

Can be grown on non-arable land

but requires sunlight 

Amenable to industrial scale-up using commercial scale bioreactors

Further biochemical R&D required to optimise algal strains



Biodiesel from Algae
The state of Pernambuco in Brazil’s will kick-off the country’s first algal 

biomass plant with partnership between See Algae Technology (SAT), an 
Austrian developer and JB a Brazilian ethanol producer

Major technology advance is to shift process from open pond to 5M tall 
bioreactors

This new technology that has brought the 

price down to about that of ethanol 

R$0.80 to $1.00 (US$0.40 - $0.50) per liter

The process depends on providing light into

the reactor tank – this is achieved by use of 

a solar prism linked to optical fibres

Algal biofuels represents one of the most
promising areas of biofuels production



Gas-to-Liquids
During the Second World War, Germany developed a gas-to-liquid 

(GtL) process that would convert brown coal to diesel fuel

The process was known as Fischer-Tropsch Synthesis

More recent versions use biomass as feedstock when the process 
is also referred to as Biomass-To-Liquids (BTL)

The disadvantage of this process is the high energy investment for 
the FT synthesis and hence the process is not yet economic

However, if costs can be reduced a benefit of the FT diesel product 
is that it can be mixed with normal fossil diesel at any percentage 
without need for engine modification

Major interest is for possible production of synthetic aviation fuel
kerosene )



Gas-to-Liquids (GtL)
The first GtL plant was built in Germany during the Second World War 

1942-44 to convert brown coal to benzene and diesel fuel

In 2007, China was the first country in 50 years to repeat the process 
of building a coal-to-liquids plant

Built in the Ordos Desert, on Mongolia border with N. China the project 
is lead by Shenhua Group, China’s largest coal producer

Importance for China is that they are an importer of oil but with rich 
coal reserves

Economics of process is controlled by global oil price?



Current status of biofuels technologies



Sustainability of biofuels

Biofuels industry growth stimulated by concerns about GHG emissions 
and energy security

But during last few years debate about whether biofuels lead to GHG 
reductions based on new research on direct and indirect land-use change

Also a debate whether conventional biofuels can harm food prices –
following a spike in food prices in 2007/8 (and again in 2012)

Detailed analysis indicates high oil prices, poor harvests (climate 
change) and speculators investing in commodities was main cause – not 
biofuels

Food security is No 1 priority (World Bank) and the debate over the 
environmental, economic and social issues related to biofuels goes on



The question of carbon-debt

Production of some biofuels may also create an environmental downside –
these factors/concerns include

Replacement of food crops
Environmental degradation during land clearance

Highlights need for more studies on the assessment of environmental costs and 
benefits of different transport biofuels

To date most efforts have been focused on the merits for reducing either GHG 
emissions or fossil fuel use

But a more comprehensive lifecycle analysis would provide a clearer 
assessment of real benefits - where farmers plough up or otherwise clear forest or 
grassland and through decomposition or burning releases to the atmosphere a 
large component of the carbon previously stored in plants and soils

This analysis can be presented in the form of a “carbon debt” which aims to 
calculate the amount of CO2 released during land conversion and measures



Biofuels Case Study – Palm Oil in Africa

In past 10 years over 5% of Africa’s arable land has been sold to 
developers  - governments – China and India, major multinationals- a total 
area larger than most European countries

In NW Liberia a 220,000 ha development by Malaysia’s Sime Derby Group 
has acquired land for growing palm oil (1 ha = 10,000 sq M, 220,000 = 850 
sq miles)

Palm oil seedlings planted in Liberia



Land Grabs – Palm Oil in Africa
In many cases farmers who previously grew subsistence crops have been 

displaced – mostly for little, totally inadequate compensation

Land is owned by governments – deals are private and first most farmers 
know is when bulldozers arrive

Investors in biofuels, agri-business, forestry and mining easily displace 
small farmers or herdsmen – who have no formal title to the land

Countries where this is happening include Uganda, Ethiopia, South Sudan 
and the Democratic Republic of Congo

One example - a Norwegian investor reportedly obtained a 99-year lease 
on 179,000 hectares in South Sudan for just 7 cents a hectare annually

Oxfam reports that many of these investments resulted in dispossession, 
deception, violation of human rights, and destruction of livelihoods

Liberian government has signed long-term leases on half of the country’s 
total land mass with ca 6% to palm-oil companies alone

More than one million people live on those lands, and 150,000 will be 
affected in the first five years of the plantations

Source: Globe & Mail – Land Rush Leaves Liberia’s farmers in the dust 26/09/2012



The future for biofuels
The IEA Blue Map scenario targets a 50% reduction in energy 

related CO2 emissions by 2050 from 2005 levels

Along with supporting technology developments and low-carbon 
energy measures the Blue Map has set high targets for the 
transportation sector

The contribution from biofuels to overall transport fuel is projected 
at approximately 27% (balance will be from multiple sustainable 
technologies – see next slide)

To achieve this goal major advances in technology and cost 
reduction, especially for advanced biofuel production has to be in 
place

Major markets for biofuels will shift from OECD to China, India 
and Latin America by 2030 with demand rising to 70% of the total
market by 2050



Projected contribution of biofuels and 
other sources in the transportation sector 

by 2050



Conclusions
The IEA predicts that biofuels will make a major contribution to

low-carbon fuels for the transport sector including replacement of 
diesel, kerosene and jet fuel

Major developments in Advanced Biotechnologies especially in 
area of improved conversion efficiency, capital cost and overall
sustainability

In order to achieve this goal substantial investments in R, D and 
development including funding for pilot plant demonstration

A strong policy framework need to be adopted that will ensure 
that food security and biodiversity are not compromised and that
social impacts are positive

Provide support for developing certification schemes for biofuels 
and related land use and policies that avoid creating unwanted 
trade barriers especially for developing countries



A scenario for 2030 – Jacobson* 

More ambitious plan that predicts 100% of global energy demand from WWS 
(wind, water & solar) with a target date of 2030

Energy Rated Power Percent of 2030 power     Number of plants                    
technology one plant/device           demand met by one         or devices            

(MW) plant/device     worldwide

Wind turbine 5 50 3.8 million

Wave device 0.75 1 720,000
Geothermal plant 100 4 5,350                                           

Hydroelectric plant 1,300    4 900

Tidal turbine 1 1 490,000

Roof PV system        0.003 6 1.7 billion

Solar PV plant 300 14 40,000

CSP plant 300 20 49,000

Total 100

Footprint area  (percent of global land area)         0.42

Jacobson and Deluchi, Energy Progress, December 2010



Various scenarios forecast renewables to provide 50% to 100% of 
global energy by 2050

No single technology will provide the solution – all will have a role 
depending on local geography, economics, social background

Without political will by world governments, especially U.S. the task is 
enormous, daunting, Herculean?

Are there any prospects for an entirely new, carbon-free source of 
energy?  - Some work on novel catalysts to split water into hydrogen 
and oxygen – later

Thank You

Prospects for Renewables



Biofuels status – who is doing what?





Energy output and land area requirements to 
meet biofuels 2050 target

Energy Land Area


