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“All men, by nature, desire knowledge”
Aristotle

“A little knowledge is a dangerous thing”
Alexander Pope

“Knowledge is power”
Francis Bacon

“Power corrupts, absolute power corrupts absolutely”
Lord Acton

“Before giving an answer, it helps to know the question”
Ian Lancaster
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From the web (“information” superhighway)

Greenpeace Forum (forum.greenpeace.org)
I am concerned with what i see going on in the road building industry.The asphalt(oil) industry lobbiest
control almost every State. Why are we building our roads out of oilbased materials that don't hold up
and are not enviromentally friendly.I read an article that we use 500k barrels of oil per day across the
USA just for asphalt roadways. Our nieghbors to the north have an interesting study that they recently
completed. It is called the Athena Study. It shows just how much difference between an asphalt road
and concrete road in regards to how much fossil fuel is used to produce both. Also visit the website

to see about the heat island effect that an asphalt road has.

What about the oil in the roadway, where is it going? Right into our environment doing harm to our
wildlife. But yet we keep using it, why is that?

Aggregateresearch.com
I read in an article that recycling 1Te of asphalt will save 60Te of CO,. This is absurd; how can
I refute it?

Yahoo.com/answers
Is it possible that carbon dioxide retains heat as long as BLACK ASPHALT PAVING?

Mb-soft.com blog

There are over 100,000 square miles of black asphalt pavement and roofs in the USA.

If those areas could be made white instead of black, they could REFLECT a lot of sunlight back out to

space rather than absorbing it.

This relatively minor change could help combat Global Warming. -

NYNAS
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Definitions

» Carbon footprint is:
— The amount of CO, emitted due to your daily activities

— A methodology to estimate the total emissions of greenhouse gases (GHG) in carbon
equivalents across its life-cycle

— A technique for identifying and measuring the individual GHG emissions from each
activity within a supply chain and the framework for attributing this to each output
product

— The full extent of direct & indirect CO, emissions caused by your business
— The impact human activities have on the environment

— The demand on biocapacity required to sequester (through photosynthesis) the CO,
emissions from fossil fuel combustion

— A measure of the amount of CO, emitted through the combustion of fossil fuels

— The total amount of CO, and other GHG’s emitted over the full life cycle of a process
or product

It's all about the carbon — or is it? -
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Greenhouse gases

+ Relation of all emissions to carbon or CO,
equivalent
— Using GWP (global warming potential)

Bitumen Carbon Footprint

Gas GWP GWP,,,
Carbon 1 1
Dioxide
Methane 21 25
Nitrous 310 298
Oxide
HFC’s 124-14800 124-14800
Sulphur 23900 22800
hexafluoride
(SF6)
A N
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Factors for Process Emissions

COy x 1.000
Methans x 21,000
Mitrous Oxide x 210,000
HFC - 125 X 2.600.000
HFC - 134 ® 1.000.000
HFZ - 134a ® 1,300,000
HFC - 143 F 200,000
HFC - 143a X 3.800.000
HFLC - 152a ] 140,000
HFC - 22Tea x 2,800,000
HFC - 23 ® 11,700,000
HFC - 238f X 3.300,000
HFZ - 245ca ® 560,000
HFC - 32 x 650,000
HFC - 41 ] 150,000
HFZ - 43 - I0miee ] 1,200,000
Ferfivombutans x ¥.000,000
Ferfiuvormome@ians = a.500,000
Perfivompropans ] 7.000.000
Ferfivoropentans x ¥.500,000
Ferfuvomoyclobutane x a.7og.nod
Perfivormethans ® 2. 200,000
Ferfivomhexans x 7. 400,000
SF4 ® 23,800,000

Bitumen Carbon Footprint




Tools

“Footprint” depends on amount of GHGs generated and lifecycle

Amount of GHG can be measured
— Directly or indirectly
— Calculation of equivalent CO, or carbon equivalent

Lifecycle is a matter of opinion
— When is a product “born”
— At what point do we declare it “dead”
— Studies from “cradle to grave” or “cradle to gate”

European commission has over 50 tools for calculation / estimation of life-cycle

http://Ica.jrc.ec.europa.eu/lcainfohub/directory.vm
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Simple calculations

CO, produced from combustion: (simple model)
Assuming ideal combustion occurs:

CH, + (x+y/4)0, = xCO, + (y/2)H,0
One mole methane = 16g

Assuming ideal combustion 1 mole methane produces 1 mole CO,

One mole CO, = 44qg therefore every 1g of methane produces 2.75g CO,

Similar calculations hold for other alkanes / fuels

If the consumption of fuel is known, the mass of CO, produced can be calculated

Dividing CO, produced / crude processed indicates efficiency

Ideal combustion rarely occurs:
Carbon monoxide, hydrocarbons, NOx & SOx will be present N
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Eurobitume Partial LCA

Originally published 1999
— Carbon footprint concept?

Adopts a cradle to gate approach
— Delivery beyond refinery gate not considered

Covers crude extraction, transport, production & storage

|dealised, hypothetical refinery
— Western Europe
— Restricted crude diet
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Eco Balance

> il
# <4 Fuel :>\\/i> Airborne
emissions
Electricity =—> g Water
§ emissions
Water 0
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Crude extraction

‘EI?triciw production

Refining /

Production
Transport

Storage
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Complex Refinery

Electricity Crude oil storage
| |Desalting
Water flares, waste

water treatment,
sulphur recovery,

Atmospheric
Distillation

1

Furnace
PN

Crude Oil Fi
_
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Desalting

Other process units

Furnace

N

Vacuum
Distillation
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This bit does the bituen!
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Bitumen Production

=

Crude o MWMWE -
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NYNAS
N




Where to apportion carbon?

_ Gasoline

_ Gas Oil or Diesel

Lubricating Oif
(to Cracking Unit)

Heavy Gas Oil
_ (to Cracking Unit)

Residual {to Coker)

.TI. (T
_‘_1111111

Ban'er Distillation
| (Super-Heated Steam) Column E2001 How Stuff Works

.

Some streams can be/ are used as internal fuel
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Partial LCA Assumptions

» Single “average” grade in common use

« Straight-run distillation

» Mix of Middle Eastern & South American crudes (70:30)
» Optimised Nautical Cargo (105kTe)

* Notional Yield
— Middle Eastern 35%
— South American 70%

» Coastal, West European Refinery
— Capacity 40kTe.a

» Flows balanced according to product

» Bitumen 100% recyclable
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Crode oil Transport to Bitomen Bitomen Electricity Total from crode oil to bitnomen
exiraction Enrope prodoction storage prodocton in a storage tank "'
Energy
Gas MIke 2194 0.855 0..01 3.0651
Ol MIke 0588 0804 0.0046 1.088
Electricity MIke (0.1 {0.033)
Primary enesgy ! Mk 0561 0561
Air emissicmns
S0, mskg 0,324 914 6557 1221 108.5 1 800
MO, mzkg 658 1219 137 32.4 445 20
oy m=ks 109918 45 241 B1 D52 19114 20 09 277 DD
CO mzkg 34 306 [ X 0.01 381 138
HC mezkg 1143 36.24 12.7 4.5 61.6 1 280
=t mzkg 154 333 7.0 246 220
Mietals m=ks 2.8 L] 1.04 444
HC1 mzkg 0.9 0z 1.1
Water emissions X a
Ol mzkg 40 20 208 441
Acid as H' m=kg 30 30
Phenol mekgs 0.1 0.1
Phosphoruas meks 0.3 017 047
Sulphate 083 Q8.3
meks
Chloride mg'kg 10 060 15
Mineral salis m=ks T8z i
Drissolved organics g | 20
mekgs
Hitrogen 108 017 11
meks
Chemical Crygen Demand meks 1 54 0.17 552
Biological Oxyzen Demand 14 14
mezks
hietals mekgs 5 7.5
Solids m=zks 80 29 114
Solid wastes mzkg 1480 X 3350 3 7 OET
Fuaw materials
Water =k 231 325 204 438
Bamxitelimsstoneiron ore ke 0728 0.728
Biturmsn kg 1 D00 1 O

' Included in the bitmmen production data.

L}

The values are ziven with three significant figune
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19-03-2009

Energy 4.9 MJ/kg

Air emissions S0, 1.8 x 10° mg/kg

NO, 2.1 x 10° mg/kg

CO, 2.8 x 10° mg/kg

CO 140 mg/kg

HC 1.3 x10° mg/kg

Dust 220 mg/kg

Metals 4.4 mg/kg

HCI 1.1 mg/kg

mg/kg

Water emissions | Oil 44 mg/kg

Acid as H+ 30 mg/kg

Phenol <0.1 mg/kg

Phosphorus 0.5 mg/kg

Sulphate 98 mg/kg

Chloride 110 mg/kg

Mineral salts 79 mg/kg

Dissolved organics 20 mg/kg

Nitrogen 11 mg/kg

C.0.D 55 mg/kg

B.O.D 16 mg/kg

Metals 28 mg/kg

Solids 120 mg/kg

Solid Wastes 8 x 10° mg/kg
Raw materials Water 440 g/kg
Bauxite / limestone / iron ore | 0.7 g/kg
Bitumen 1000 g/kg
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Summary Data

CO, emissions (mg/kQ) Energy Consumption MJ/kg
3.0E+05-
2.5E+05
2.0E+05
1.5E+05-
1.0E+05 1]
5.0E+04 1]
0.0E+00-
e

Q"& %, % 6}0, %o )51'

%, 28, % o, . ¥

) 000 0,}. 0@ /0/

% % % 9
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Limitations of the current LCA

e Crude “diet”
— Based on mix of Middle East / South American crude oils
— Increase in supply from Russia

» Shipping
— Assumption based on fuel demand in 1999
» Engines are more efficient
* Fuelis cleaner
» Cargos are heavier

* Refineries
— Are more efficient
— Recover more heat
— Fuel / power use
— Location
— Production methods

» Deals with pen bitumen only
— Idealised single grade

* Transport
— Delivery to asphalt plant / customer not included

» Does not consider lifetime / recycling
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Polymer Oil / Flux ' @_ Oil / Flux  Polymer

Feed feed 7 feed Feed
High Shear Mill
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to page 2 to page 1 * |IEA = International Energy Agency Page 3 to page 4
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Impact of Polymer

-6
5
4 o )
= 02
3 o
o @5
2= =7
1 10
0
P 4 » Ky 8.
< % %, %/'9 %&4/@0 o, _ i
%G, G R, % Rubber Plastic
66 66 (o) 7]
()
Q% Q. ”'o
Consider life cycle.
PmB = greater flexibility, durability, longer life
A N
NYNAS
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Emulsion Production

Aqueous Phase

~—~— ., Heat Polymer

Bitumen

Heat
Water e R .
TP o Mixers Additives
A ) PIX Mixers
Acid RIS L umps ;
S T e Flux umps Emulsion
Buffer -
Emulsifiers Heat
Mixers
Viscosity Modifier Pumps
Anti-foam
Preservative
Colloid Mill
, A3
Heat Exchanger / chiller NYNAS
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Future Research

Carbon Footprint is important

Eurobitume LCA is accurate (but limited)
— Future work to address limitations

RBA, HA, MPA & TRL research
— Building on current data
— Sustainability management system for asphalt
— To include maintenance and end-of-life considerations

Individual figures?
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Reducing the footprint

Asphalt and bitumen are recyclable

Lower mixing & storage temperatures
preserve binder properties
— Cold, warm & semi-warm technologies

Higher bitumen content = lower ageing =
longer life

Prevention of moisture ingress = longer life

Bitumen Carbon Footprint

MJ/Te

Energy Consumed / Te asphalt

500
400
300
200
100

Cold 1

Cold 2

Hot
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