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Increasing Global Energy Demand 

 BP 2017 Energy Outlook 

 World Energy Outlook 2012, IAE 

 PEPANZ - Petroleum Exploration & Production Association New Zealand website 



Global production of primary energy sources 



RENEWABLES 2017 · GLOBAL 
STATUS REPORT 

Biomass emerging as important renewable 



 EIA: INTERNATIONAL ENERGY OUTLOOK 2016 

CO2 emissions 



Photosynthesis: CO2 + H20 + light + chlorophyll → CH2O + O2  

Some net output of CO2 due to energy needed. 

Biomass Cycle: “carbon neutral” 



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. 

EUROPE  

Legal framework 
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... it is a TOP ISSUE 





 Renewable Energy Data Book, 2015 

Ethanol Production 



 UN Conference on trade and development “Second generation biofuel markets” 2015 

Ethanol Production 



Preliminary design and cost estimation to produce cellulosic 
ethanol via hydrolysis 

Demand : 200 ML bioethanol / year 
(Plant: Biocarburantes Castilla y León, Biofuel plant located in Salamanca, Spain 
http://www.abengoabioenergy.com/web/es/acerca_de/oficinas_e_instalaciones/bioetanol/europa/biocarburantes_cast_leon/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  

Design Project: 

Chemical Process Systems Design 

http://www.abengoabioenergy.com/web/es/acerca_de/oficinas_e_instalaciones/bioetanol/europa/biocarburantes_cast_leon/index.html


Project: Hydrolysis route 

Challenges:  

a)   Alternatives for flowsheets 

b)  Difficult to achieve economic feasibility 

Wastewater 
Power-Heat 

Biomass 
Pretreatment 

Cellulosic  
Hydrolysis 

Sugar 
Fermentation 

Dehydration Electricity 

Feed Ethanol 

b)  Thermochemical (gasification) 

Power-Heat Gasification Gas  
clean-up 

Fermentation 
Or Catalytic 

Electricity 

Feed Ethanol 

Dehydration 

a)   Hydrolysis (fermentation)  THIS PROJECT 

Production for bioethanol: Two major routes    



Alternatives 

Physico-Chemical (AFEX, Steam 
explosion, CO2 explosion) 

Chemical (acid, Alkali, Ozone, 
peroxides) ? 

Biological (Enzymes) ? 

Goal:  Break Cellulose  
and Hemicellulose 

AFEX = Ammonia 
Fiber Explosion 

Physical (milling, grinding…) 

Pretreatment alternatives 



Glucose 
Xylose 

Lignin source of energy 

Water 

Bacteria mobilis 

Ethanol/Water 
8% Ethanol 

~ 3 days res. time 

~ 1 day res. time 

Storage 

Hydrolysis and Fermentation 



Reaction Conversion 

Glucose  2 Ethanol + 2 CO2 Glucose 0.92 

Glucose + 1.2NH3  6 Z. mobilis + 2.4 H2O  + 0.3 O2 Glucose 0.04 

Glucose + 2 H2O  Glycerol + O2 Glucose 0.002 

Glucose + 2 CO2  2 Succinic Acid + O2 Glucose 0.008 

Glucose  3 Acetic Acid Glucose 0.022 

Glucose  2 Lactic Acid Glucose 0.013 

3 Xylose  5Ethanol + 5 CO2 Xylose 0.8 

Xylose + NH3  5 Z. mobilis + 2 H2O  + 0.25 O2 Xylose 0.03 

3Xylose + 5 H2O  5Glycerol + 2.5 O2 Xylose 0.02 

3 Xylose + 5 CO2  5 Succinic Acid  + 2.5 O2 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) 

Fermentation Reactions 



Distillation (azeotropic)  
(single/multiple effect?) 

Adsorption with corn grits ? 

Molecular sieves ? 

Pervaporation ? 

Beer column 
(single/multiple 

effect?) 

Ethanol/ 
Water 

Separation alternatives 



  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. 

Preliminary Design Project 



Project Leaders: 

  Javier Viguri vigurij@unican.es (Office 313) 

  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. 

Project Leaders & Consultants 




