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Crop rNiactal) Relative warming (Meg/M)  Type of fuel produced
(g N/kg dry matter) (N-efficiency ¢=0.4)

Rapeseed 3o 1.0-1.7 Bio-diesel

Maize 15 09-15 Bio-ethanol

Sugar cane 73 0509 Bio-ethancl

Table 1. Relative warming derived from N2O production against cooling by
“saved fossil CO2” by crops as a function of the actual nitrogen content
m(actual). Uncertainty ranges presented derive from the uncertainty of the
yield factor y (see text). [P. J. Crutzen, et al.: Atmos. Chem. Phys., 8,
389-395, 2008]
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(7)) SUMMARY AND DISCUSSION
The information gathered in this paper gives rise to two fundamental questions:

1. Do the technical means exist to produce biofuels in ways that enable the
world to meet demand for transportation energy in more secure and less harmful
ways, on a meaningful scale and without compromising the ability to feed a
growing population?

2. Do current national and international policies that promote the production of
biofuels represent the most cost-effective means of using biomass and the best
way forward for the transport sector?

The rush to energy crops threatens to cause food shortages and damage to
biodiversity with limited benefits

Second-generation technologies hold promise but depend on technological
breakthroughs

The economic outlook for biofuels seems fragile

Government policies supporting and protecting domestic production of biofuels
are inefficient...

are not cost-effective....

... and seem to be on a collision course

Liberalising trade in biofuels is difficult but essential for global objectives

Certification of biofuels is useful for promoting good practices but cannot be
trusted as a safeguard

Policy implications for the near future

To harness the real potential of bio-energy and biofuels an important shift in
current expectations and policies is necessary. Based on the findings in this
paper, the following policy directions could be debated:

* The strategic importance of and objectives for first generation biofuels need to
be refocused and refined. International organisations such as the IEA, OECD,
FAO and World Bank need to continue to adopt a soundly-based, common
understanding of the limits of both traditional and second-generation biofuels in
their analysis of energy futures.

* Priority should be given to research into second-generation biofuels — not
only their technologies, but also the assumptions regarding the cost and
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long-term availability of feedstocks. Domestic policy efforts should be
redirected from (subsidy) instruments aimed at the deployment of biofuels in
general back to the R&D and demonstration phase of advanced biofuel
technologies.

* Further research is needed to verify the environmental benefits for each biofuel
production pathway, feedstock and location.

« Current biofuel support policies place a significant bet on a single technology
despite the existence of a wide variety of different fuels and power trains that
have been posited as options for the future. National governments should cease
to create new mandates for biofuels and investigate ways to phase them out,
preferably by replacing them with technology-neutral policies such as a carbon
tax. Such policies will more effectively stimulate regulatory and market
incentives for efficient technologies.

 Policy efforts to develop certification of biofuels must be unified. Only a
global and coherent approach stands a chance of making a positive difference.

« Certification of biofuels - and the design criteria to use them in combination
with GHG emissions reduction regulations and preferential tax treatments —
should be urgently placed on the WTO agenda. A special committee on trade and
environment has been created to channel these discussions and could possibly be
used to this end.

e The WTO should also be used to step up efforts to lower trade barriers to
biofuels imports, allowing developing countries that have ecological and climate
systems more suited to biomass production to use their comparative advantage.

» More work needs to be done to assess the relative importance of biofuels in
developing countries as an export commodity and as a means to provide excess
to modern, more efficient and less polluting energy sources. It may be that in
many developing country circumstances it would be more productive to channel
efforts to developing other forms of bioenergy than liquid fuels. More help
should be provided to developing countries in identifying opportunities to use
biofuels to enhance economic progress.

FHE E 2OV T, WL OO BERR—VLURBRICEI AT 5, (Fx 7Y
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(1) BifEDbiofuel & W Xbiofuel (X4.al)

Figure 1. Fuel production pathways
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Second-generation approaches to producing diesel-substitute fuels would
provide another possible route. These technologies differ radically from the
transesterification process. One involves the gasification of biomass and the
further transformation of the gas to a liquid. Using this process, wood, straw or
other biomass sources can be turned into a syngas before being converted into a
liquid fuel by means of the “Fischer-Tropsch Process” (biomass-to-liquids or
BTL). In this way the energy of the entire above-ground plant can be utilised —
which is not the case for biodiesel production from oilseeds. The most important
barrier for biodiesel currently is its higher cost of production compared with
ethanol, with few prospects on the horizon for technological breakthroughs that
would lead to substantial cost reductions. BTL synthesis looks more promising
than biodiesel, but major technological advances would be needed to bring
down its cost (IEA, 2006a).

(7) #iEKiRbEb T 2GR (K4, a2)

Figure 2. Range of estimated GHG Reductions from Biofuels compared with gasoline and mineral diesel
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4.a2 SEBERICARBIRHE (BBROT 1 —EILELR)

The complexity of the assessment is easily understood when reflecting on the
many different elements that must be included in the analyses: the type of crop,
the amount and type of energy embedded in the fertilizer used to grow the crop
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and in the water used, emissions from fertilizer production, the resulting crop
yield, the energy used in gathering and transporting the feedstock to the
biorefinery, alternative land uses, and the energy intensity and fuel types used in
the conversion process (IEA 2006b). Nevertheless, the general picture that
seems to emerge suggests a certain ranking between the different technologies.

() BE~DA 7 ~ (¥ 4. a3)

Figure 7. Comparison of aggregated environmental impact of biofuels in comparison with fossil fue
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4. a3 : IRIEADERDLEE

The Swiss Institute, EMPA (Zah et al., 2007) performed a full life cycle
assessment of a large number of biofuels and compared the environmental
footprint with those of transport fuels derived from petroleum and natural gas.
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The whole environmental impact was calculated using indicators measuring the
damage to human health, ecosystems and the depletion of natural resources
aggregated in a single indictor (UBP). Environmental impacts of vehicle
operation are indeed much higher when fossil fuels are used. However, this is
more than offset in many cases by the very high environmental impacts from
agricultural production in terms of soil acidification and excessive fertilizer use,
biodiversity loss, air pollution caused by slash-and-burn and the toxicity of
pesticides.

45



<EEZEEHNSHREIFZERIRILF—ELHERMNBEZEA

Rk 18 4F
12 H 21 B HBARPhS@EeEs (66 30 =)
TRNLF—ERFEIN SR SR E
Rk 19 4R
1H 25 H HAZIS@EGRHES (56 32E)
T F— R OB ZBIRE
3H16 B =xu¥— LR Ras GF1E)
DESRERGE, KEEE, 2RS0ED I onT
5H29H HRa%kBs
DR TORRTT —~ & &E| IOV T
8H 7TH ==xnAX—CRFHENSRS G 2R)
A XN—=2 a2 D7 —vEDEE, Izl —T g U
e B DRI DN T
YRk 20 4E
1H21H =xu¥—LREHEioRla (830D
TOTHEE OB Ff v Ialb—var, Hoxo
X — OFRFEHANRIREM, W ERERIC DN T
5H19H TRNF— RS (GF4E)
WEENRIZONT
9H 18 H A AP e (5 64 [9])
TRAF— L RRHANICET 5 oRaitek T LX—i
MEIZ 31T BB HAT OB E—BLR & #E—) 1220\ T

46



