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“Integrated environmental methodologies to decrease
biodiesel cost production by valorizing crude glycerol ”
Investigation of 4 alternative Glycerol upgrading methods:


Glycerol co-thermochemical processing with biomass
and/or lignite for energy and liquid fuels production



Glycerol mixtures with diesel in engines for the production of
electricity



Feedstock for the production of polyols (e.g. propylene glycol)
that are used in the polyester resin industry and as an asphalt
improver



Glycerol as an additive in asphalt products

Co-funding by European Union- European Regional Development
Fund and Greek Ministry of Εducation/EYDE-ETAK through program
ESPA 2007-2013 / EPAN II / Action “SYNERGASIA” (Project 1165)

Industrial symbiosis

Industrial symbiosis is assessed on the basis of the potential synergies and
environmental savings succeed.
A key task of the present work is to indicate the potential link between the
resource base, the bio-diesel companies and energy production stationary
power plants
The concept refers to small and medium sized biodiesel industries linked
upstream to large established farming companies –suppliers of the raw
materials such as energy crops grown in the multifunctional agriculture systems
and downstream to local district heating system (heat), local chemical plants
and national electricity system.

Basic pillars


The perspective of conventional fuel substitution
with crude glycerol



Basic research results – flash pyrolysis of
mixtures



Next Actions:Co-gasification with lignite



Next Actions: Co-Combustion with diesel
.



Conclusions

Waste Glycerol –
Biodiesel Production by-product
Crude glycerol is the principal biodiesel production by-product accounting for
10 wt% of biodiesel production

Biodiesel
Process

Transesterification Reaction

Biofuel production sector
Demand in production of biodiesel grows exponentially

2011 production was
estimated to be over 22
million tons , produced
from 254 manufacturers
. In 2013 in EU almost
14Mtoe of biodiesel was
used that represent an
annual increase of 3%
since 2012
.

Biodiesel gains an increased share in the fuel market.
Biodiesel production in EU appears an elevated trend.
Imports from Worlds’ Third Countries like Argentina
and Indonesia resulted in a reduction of the biodiesel
production in 2011 compared to the previous year
results.

Biodiesel
production in E.U

Current situation: Biodiesel Production
Available Quantity of crude glycerol Increases following the
biodiesel production trend.
2013
 Price has the opposite tendency.
130
euros/ton

2011
220-290
euros/ton

European Biodiesel Board,
www.icispricing.com

Applications of glycerol

Personal/oral care products
Drugs /pharmaceuticals
Foods/beverages
Polyether polyols

Fuel additives
Plastics
Coatings

Energy production

Biofuel production sector
Consistency and Quality extremely important to glycerol users throughout the
Global Marketplace. Crude glycerol possesses very low value due to the
contained impurities.
Greece promotes the implementation of the biodiesel production policy and
as a subsequent it is facing the challenge of dealing with the increased stocks
of low-grade and price waste glycerol
 Appropriate Valorisation and Management - Urgent Topic
Refining process of waste glycerol depends on the economy of scale and/or
on the availability of a glycerol purification facility
Larger scale biodiesel producers choose to up-grade the by-product and move
it to markets of chemical industries however, this seems a long term perspective
for biodiesel small plants, because the cost of refining crude glycerol to a high
purity is too high and not affordable regarding medium and small scale biodiesel
producers.

Current situation of the energy system
Greek power generation sector:
 based on lignite and
emitting important amounts of CO2 in the atmosphere against climate
change.
Since the increasing energy demands impose the continuation of
lignite consumption.
Energy strategy, new perspectives and political choices have been stipulated
towards a greener energy production, which means,the identification of
alternative energy production routes and the development of new
technologies for power generation in order to optimize the exploitation of the
existing conventional fuel reserves, based on economical and environmental
benefits

New perspectives and strategy towards a
greener production

A symbiotic relationship with Power generation plants

Resources exchange/purchase by-products and operate in closed energy
and material loops to reduce raw-material and energy consumption
Co –combustion  Conventional fuel substitution
Incorporating the utilization of crude glycerol in existing power installations
sharing services, utility, and by-product resources aims to add value,
reduce costs and improve the environment

The cost of glycerol per MJ production is higher than that of coal per MJ.
However, it is estimated the investment of co-firing glycerol with coal power
operations to be viable regarding the backdrop of federal regulatory measures
coming down through the EPA’s BMACT (Boiler Maximum Achievable Control
Technology) standards, which were slated to go into effect Jan 1, 2012

Conventional fuel substitution
with crude glycerol
Among the various energy exploitation methods of crude glycerol, only
combustion is commercially applicable at the moment
The partial co-combustion of lignite with biomass without major plant changes
seems a promising solution, while other fuels including SRF or crude glycerol
could play the same role of substituting lignite

Decreasing lignite emissions
by co-combusting with waste glycerol
A radical method of reducing emissions (NOx, SOx) is the substitution of the
fossil fuel at a certain extend with another fuel, with less N- and S- Cl- containing
compounds
Technological aspect: Glycerol pyrolysis is faster comparing to that of lignite
→ oxygen consumption in the fire zone → fuel’s N-content reduction to
N2 rather than Nox
Another issue that should be seen besides emissions is dust suspension due
to lignite or coals utilization as fuel sources in an area. Coal dust causes
serious health and environmental problems. Glycerol was identified as a
component of Coal Dust Suppressant (CDS) in order to prevent coal dust air
pollution
Low adaptation cost
In existing plqnts (eg. Ptolemais)
with minimal costs associated to
modifications of lignite -fired power operations, the only costs applicable will
be for transportation and storage of the glycerol.

Substituting lignite with Glycerol
Need for:
Development of “drop in” fuel to be used in existing power
installations
Challenges
Homogenation of the mixture without agglomerations
Mixing procedure
Maintainance of similar physicochemical characteristics
feedstock mass - lignite (operational problems avoidance).
Apparatus Design
Testing Protocol Development
Definition of operating parameters

with

Mixing apparatus

Alternative fuel production
Crude glycerol – Lignite Blends
Testing different blends

the glycerol content in the fuel mix kept less than 20 wt %

15
%wt

20
%wt

25
%wt

Glycerol content in the blend, % wt

30
%wt

Experimental Study
Co-Pyrolysis of blends of Crude
Glycerol with Lignite

“GlyCo-Biodiesel”
“Integrated Environmental Methodologies for Bio-diesel
cost reduction via crude glycerol valorization”

Experimental Apparatus

Raw material characterization
Crude glycerol analysis
Value

Method

Moisture

8.4 wt%

KARL FISCHER TITRATION

Free fatty acids

0.2wt%

ETHER EXTRACTION
Gas Chromatographer

Glycerol

85.4wt%
(Agilent 7890A, FID, DB-Wax 30m x 0.53min x 1.0μm)

pH

5

Instrument CRISON
Gas Chromatographer

Methanol

<6wt%
(Agilent 7890A, FID, DB-Wax 30m x 0.53min x 1.0μm)

MONG*

<1.5wt%

MONG is the Material Organic Non Glycerol including mainly biodiesel

Lignite – glycerol blends
Proximate and Elemental Analysis
Proximate Analysis (as received)

lignite
20% wt

Moisture
% wt
(predried)
25.18
12,95

Elemental Analysis (dry basis)

Volatiles
% wt

Fixed
Carbon
% wt

Ash
% wt

C
% wt

H
% wt

N
% wt

O
% wt

S
%
wt

36,42

22,33

16,07

30,01

2,75

0,96

50,21

-

56,25

17,12

15,72

39,74

4,24

1,07

39,23

-

Heating value of lignite and of the blend with glycerol

72% increse in LHV (Mj/Kg)

77% increse in HHV (Mj/Kg)

Laboratory study

The blend appears an elevated amount of
hydrogen accounting for 47.25% vv,
normalized.
Pyrolysis Process –
The main step in gasification and combustion
Co-pyrolysis of biodiesel-derived glycerol with Greek lignite: A laboratory study
Journal of Analytical and Applied Pyrolysis, Volume 100, March 2013, Pages 166-172
P. Manara, A. Zabaniotou

Effect of temperature and glycerol content in lignite on
total mass loss
Total conversion into volatiles as a function of temperature for both lignite and
its blend with glycerol

• Crude glycerol addition increases total volatile release relatively to regular lignite
thermal degradation profile of crude glycerol
• Temperature increase enhances total mass loss

Actions to be developed:
Pilot scale gasification of the blend of lignite and crude glycerol
Assessment of lignite and crude glycerol co-combustion in existing
power installations
Recently, international research turned
into thermochemical methods due to
environmental restriction concerning CO2
emissions and higher power efficiencies,
aiming to their implementation on a large
scale, with economical beneficial terms.
Many studies have been conducting on
thermochemical valorization of crude
glycerol via pyrolysis and gasification.

The developed Pilot unit Proposed
Gasification System

2nd alternative

Co-combustion with of crude glycerol with diesel
Alternative fuel for non-connected Greek areas to the electricity grid
Case study
Samos Power plant
Co-location is an important factor for successful implementation of industrial
symbiosis and viable by-product exchange in order to minimize transport
costs and consequent envirionmental impact.
However, linkages between companies that are not co-located may also
have the potential of increased resource-productivity

Conclusions
• Grude glycerol is a low value feedstock for pharmaceutical and cosmetic
chemical industries due to the presence of impurities.
• Needs appropriate valorization and management in order to further
defray bio-diesel cost production.
• Refining and upgrading of crude glycerol has an economic benefit for
large scale manufactures.
• Crude glycerol valorization, avoiding high cost refining processes, is
most suitable for small and medium sized biodiesel producers.
• Energy, biofuels and high added value chemicals production in the
aspect of biorefinery seem promising.

Conclusions

• New thinking: Incorporating waste glycerolwith lignite -the main
conventional solid fuel for power generation in Greece for energy
recovery.
• Fuel substitution with glyceol:
Upgrade alternative fuels’ heating value and improve its quality towards
CO2 and NOx emmissions’ reduction.
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