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Increasing Global Energy Demand

Energy consumption by region

Billion toe
18 B :
Other ;
15 | WAfrica '
Other non-OECD Asia
12 | India
® China

m OECD

0
1965 1975 1985 1995 2005 2015 2025 2035

BP 2017 Energy Outlook

Human Development Index

Mtoe

Growth in primary energy demand

4500 ~
4000 ~ China
3500 - M India
3000 - 1 Other developing Asia
[ Russia
W Middle East
M Rest of world
1 OECD
2010 2015 2020 2025 2030 2035
World Energy Outlook 2012, IAE
2400 kgoe/person
I
HONG KONG'. |
a ‘ % A ” A #‘r A *
A AA = L A v
= ~ M
g, l." m|m - - ICELAND
. l...l‘ ‘ a e ‘
] CANADA
e |
d. ™ . NEW NORWAY  UNITED STATES
m! ZEALAND
o’ 1
oo ® : . UNITED
'\ AT KINGDOM
¢ |
V \ I KEY
et |
0" : ¢\
INDIA | W Average quality of life
¢ 1 A Very high quality of life
I
1

Energy consumption (kgoe, per person)

PEPANZ - Petroleum Exploration & Production Association New Zealand website
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Primary energy consumption by fuel

Global production of primary energy sources
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Estimated Renewable Energy Share of Total Final Energy Consumption, 2015
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World biofuels production increased by 0.9% in 2015, the slowest rate of growth since output declined in 2000. Global ethanol production increased by 4.1%, the third
consecutive year of growth, led by increases from Asia Pacific, South & Central America, and North America. Biodiesel i i by 4.9% in 2015, with output
declining in all of the major producing regions.
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CO, emissions

OECD and non-OECD energy-related carbon dioxide emissions by fuel type, 1990-2040
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Biomass Cycle: “carbon neutral”

New Biomass Crop:
Biomas'

owng
<!

3'3‘9'

Photosynthesis: CO, + H,0 + light + chlorophyll - CH,0O + O,

Some net output of CO, due to energy needed.
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Legal framework

EUROPE
Directive 2009/28/CE

Goal: Achieving 20% share of energy from renewable sources in total energy
consumption in the EU in 2020 and a mandatory minimum of 10% of biofuels over all

transport fuels consumed in 2020 for all Member States.

Reduction of greenhouse emissions in bioethanol process using different feedstock

Feedstock Reduction Greenhouse emissions
Wheat 32%
Corn 56%
Sugar cane 71%
Wood waste 80%

Directive 2015/1513, amending Directive 2009/28/CE
New goals: Reaching at least 27% renewables use by 2030.

Contribution of conventional biofuels in transport from a maximum of 7% in 2021 to 3.8%

in 2030.
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Legal framework
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Top Five Regions (2015) Ethanol Production (millions of gallons)
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Global Ethanol Production
(millions of gallons)

2004 10,770

2005 12,150

2006 13,489

2007 13,102

9 2008 17,335
Brazil: 7,093 2009 19,535
2010 23,013

2011 22,356

2012 21,812

2013 23,429

2014 24,570

2015 25,682

Renewable Energy Data Book, 2015
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Design Project:

Preliminary design and cost estimation to produce cellulosic
ethanol via hydrolysis

Demand : 200 ML bioethanol / year
(Plant: Biocarburantes Castilla y Ledn, Biofuel plant located in Salamanca, Spain

http://www.abengoabioenergy.com/web/es/acerca de/oficinas e instalaciones/bioetanol/europa/biocarburantes cast Ieon/index.html).

Ethanol Specs (fuel grade):
Ethanol content 99.85% by weight min
Water content 0.1% by weight max
Other impurities 0.05% by weight max


http://www.abengoabioenergy.com/web/es/acerca_de/oficinas_e_instalaciones/bioetanol/europa/biocarburantes_cast_leon/index.html
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a) Hydrolysis (fermentation) THIS PROJECT

Biomass p| Cellulosic »| Sugar » Dehydration » Wastewater | —» Electricity
Pretreatment Hydrolysis Fermentation Power-Heat
Feed Ethanol
b) Thermochemical (gasification)
Gasification » Gas »| Fermentation » Dehydration » power-Heat > Electricity
clean-up Or Catalytic
Feed Ethanol

Project: Hydrolysis route
Challenges:

a) Alternatives for flowsheets

b) Difficult to achieve economic feasibility
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Pretreatment alternatives

Physico-Chemical (AFEX, Steam
explosion, CO, explosion)

AFEX = Ammonia
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Hydrolysis and Fermentation

Hydrolysis

Fermentor 1

Water

(C4H,,0;), +nH,0— —nC.H, 0,

(CH,0,),, + mH,0— ——mC,H 0,

Glucose
Xylose

~ 3 days res. time

Bacteria mobilis

AM=22.1n kJ/mol

Fermentation
‘ Snk 9 ‘
Fermentor 2
HX 4
& (e
. Sto rage Ethanol/Water
Wiakcs HX 5 9 8% Ethanol

‘Snk8\

Lignin

~ 1 day res. time

A=79.0m kJ/mol

Lignin source of energy
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Fermentation Reactions

Reaction Conversion
Glucose > 2 Ethanol +2 CO, Glucose 0.92
Glucose + 1.2NH, - 6 Z. mobilis + 2.4 H,0 +0.3 0, Glucose 0.04
Glucose + 2 H,0 -> Glycerol + O, Glucose 0.002
Glucose 0.008

Glucose +2 CO, > 2 Succinic Acid + O,

Glucose 0.022

Glucose > 3 Acetic Acid
Glucose > 2 Lactic Acid Glucose 0.013
3 Xylose > 5Ethanol + 5 CO2 Xylose 0.8
Xylose + NH, > 5 Z. mobilis + 2H,0 +0.250, Xylose 0.03
3Xylose + 5 H,0 > 5Glycerol +2.5 0, Xylose 0.02
3 Xylose + 5 CO, = 5 Succinic Acid +2.50, Xylose 0.03
2 Xylose > 5 Acetic Acid Xylose 0.01
3 Xylose > 5 Lactic Acid Xylose 0.01

Neglect acetic acid, succinic acid, lactic acid (organics)
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Distillation (azeotropic)
cots (single/multiple effect?)

" |  Adsorption with corn grits ?
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Mix 6
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Pervaporation ?




uc Preliminary Design Project

UNIVERSIDAD
DE CANTABRIA

‘*Memo 1: Literature Review, Initial Flowsheet (discuss alternatives, select
flowsheet), Gross economic evaluation

‘*Memo 2: Mass and energy balance
‘*Memo 3: Economic evaluation

**Oral presentations: Global summary of the project

Memos in general: Cover letter (memo)
Main Text
Refs: articles, patents, encyclopedias, web
Appendix: Flowsheet; Tables; Calculations.

Note: Flowsheet symbols - Aspen Software
References = Library of University of Cantabria

Application of formative assessment: each Memo will be reviewed by the teacher
and returned to the student. The student will learn from the mistake made and will
apply the knowledge obtained to the next Memo.
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Project Leaders:

ssJavier Viguri vigurij@unican.es (Office 313)

s*Eva Cifrian cifriane@unican.es (Office 388)

Consultant group:

Each group of consultants must have a record of the working hours outside the
classroom. Each week the group must report to the teacher about this.





