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Structure of presentation

Brief history of BGU/CERN collaboration
Novelty & promise of the niche / device

Components of solar hydrothermal device
— Hydrothermal processes

— Hydrothermal conversion of biomass and
biowaste

— SRB high temperature/efficiency panels
Joint system: broad description & status
Questions.....7?



BGU / CERN collaboration

History of technology transfer initiatives and analysis
— CERN: technology transfer (inc. for developing country contexts)
— BGU: analysis of environmental technology translation processes

Dec. 2013, exploratory CERN visit to BGU

Initial joint technology development/translation project

— BGU: laboratory for waste and biomass conversion, inc.
hydrothermal

— CERN: vacuum technologies from particle accelerators: SRB
high temperature, high efficiency solar panels

— => The BGU / CERN hydrothermal reactor

Early 2014: Visits to define system, assembly of
hardware

Q3/Q4 of 2014 onwards: assembly, characterization, field
testing



The basic idea

High vacuum SRB solar panels produce high efficiency
high temperature process heat in most climatic contexts

Use this to power a small hydrothermal reactor

— At hydrothermal conditions (high temperature and pressure),
water becomes very reactive and a good solvent, allowing a
range of transformations of organic materials

— High temperatures also sterilize and neutralize many toxic
organic compounds

Thus: a hydrothermal reactor can convert biomass

(including waste materials) into useful solid and liquid

fuels, as well as nutrients

A moveable solar-powered reactor makes it viable to
process feedstocks that would be wasted or a nuisance

In short: our reactor allows a powerful hydrothermal
water solvent/reactant to rapidly process moist biomass
In situ using only sunlight



Several layers of novelty & promise

« SRB reactors: high temperature/efficiency, no focusing
* Hydrothermal (HT) reactor

— Wet biomass requires energy to dry, smelly, pathogens, heavy

— HT allows organic reactions to directly convert wet biomass into
sterile useable (solid, liquid) fuels, nutrients, products

— 100% carbon efficiency

* A solar hydrothermal combination allows operation using
only sun and available feedstock

* Moveable solar hydrothermal reactor allows off grid
operation: bring reactor to feedstock not feedstock to
reactor

* Important new use scenarios made available through:
— Freely available inputs

— Off-grid operation suited to rural contexts
— Versatile range of feedstocks and products from single device



Using solar energy to convert
biomass to fossil fuel analogs

Incoming solar
No CO2 PV, solar thermal energy

photosynthesis

Traditional bioenergy (burning)
Carbon Modern bioenergy (pyrolosis,

neutral gasification, hydrothermal)

Solar hydrothermal - anaerobic

decomposition
& heat &
pressure over
extended period

v
recreates formation o

conditions of coal and o:l L »®

Carbon Conventional
addition combustion-based



Hydrothermal processes

« Conversion of biomass into high carbon
products (eg.coal) is through reduction of
hydrogen and carbon contents

— release of H20 and CO2 from molecular
structure.

* Dry pyrolysis: high temp in absence of
oxygen—charcoal

* Wet pyrolysis (=hydrothermal
carbonization): high temp and pressure in
presence of water--hydrochar

[Add equation]

| J.  —= R-H *+ 0=C=0
Decarboxylation R OH

Dehydradtion



Properties of Polarity |, : higher solubility of organics

hyd rothermal water KWT more acid-base reactions:
higher degradability
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Variety of organic reactions as a function of
feedstock, temperature, pressure

Hydrolysis and dehydration —
Cellulose breaking down of organic molecules

4(C6H]O()S )n (j Q(CDHIO()S )n + lOHZO

Hemicellulo
Decarboxylation - removes a
carboxyl group (COOH-) and
HTC reactor CeH ;05 = Cs55H,0y5 + 0.75CO, + 3H,0
Starch 611125 52511440 5 2 2
are high P < 50
o Atm. &Temp Condensation — Polymerization -
Lignin <250C Aromatization — OM degraded to

monomers which polymerized and
Lipids/fats aromatized to form the hydro-coal

(char)- rate is mainly controlled by

temperature, pH and residence time
Proteins



Zones of hydrothermal biomass

processing
« Hydrothermal carbonization Peterson et al., 2008
(HTC) (1 80'280 ° C) —> = ' ' ' I(super'critical'ﬁuid)
hydro-coal (solid fuels). 35| 5
 Hydrothermal liquefaction il i 25
(HTL) (280-374 ° C)— crude | e 58 %’5
oil (liquid fuels). : < 8% =%
« Hydrothermal gasification O 2
(HTG) often referred to as £ st g
supercritical water gasification .| '
(SCWG) (374-700 ° C) e AP,
—CH T et
4 o’ 1 : : .
*All reaction times between 1 %0100 200 300 400 500 600 700
temperature, "C
and 4 h hydrothermal processing regior;)s referenced to

pressure—temperature phase diagram of water



Hydrothermal carbonization

When carbohydrates are

=

converted into alcohol
—two of six carbon atoms

CgH 1208 \
(Biomass)

are released as CO, —»

3240 kd/mol

Carbon efficiency
(CE)=60%.

In the anaerobic conversion,
about 50% of carbon is
released as CO, » CE=50%.

In the HTC process almost all the
carbon from biomass is converted
into carbonized material, without
generating CO and CO,
—>CE=100%.

Alcoholic fermentation

2C2Hs50H +2 CO2
(Alcohol)

2760 kd/mol (CE=B0%)

Anaerohic corversion

3 CO2+ 3 CHgq
(Bingas)

2664 kl/mol (CE=50%)

Hydrothermal carbonization
i

CgH20 + 5 H20
(Carbon products)

+ 02

2200 kJd/mol (CE=100%)

Comhbustion metaholzation

5y

CO2+H20
(Carbon dioxide + water)

0 kd/mol (CE=0%)

Titirici et al., 2007




Reduction of H/C and O/C ratios

Diagram of Coalification
Quarter I'Y/2008
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Advantages of HTC over biological
approach

Digestatio

qf/”m . |

Biomass

1{: 4 ."" 'E
R ‘ TR
riculture /
Carbon Sequestratio

Small size reactor Soil Amelioration  WTC-char  * Energy -+ CO,
Treatment of bio-toxins

Destruction of pathogens and organic micropollutants
Reduce GHG emission and odours

Production of bio-coal (energy) or bio-char (soil
amendment)

Allowing nutrient recovery (N-P-K)

Short time reaction




Overview of potential input material for HTC

Input Materials for
Hydrothermal Carbonization

1 || 1 1 1
Municipal Commercial Industrial Agricultural Silvicultural
solid waste Waste Vasie/Residues Fesidues Fesidues
I_I—I — —1 I_l_l — 1
solid ‘ liquid solid ‘ ‘ liguid ‘ zolid liquid solid ligyuiid =alid
" ' f W a1 N 1 ™
Organic wasie Frocess
(Green bin) Fiaw sewape, Bakery shudges _
Green || screenings, waste, Focdwaste | || mieerusks, | || iPaper 45‘?"“"':::;_ | | hfu'g‘ T:dr:'r"re [ rm:‘_
Cuttings Flotation Staughter- (cameens) Citrus peel Calluiose, D;aa ' 'gca e L Small
(Grass, Bush sludges house waste Pharma- e ) LA
Cait cautics
nos) d L A . r h : J e . e v e v
: 1 Wl of 1M 7 Y| 7 ),
Roadside Fri 3 Waste Promace Latence
vegetion. Secondary oreass (Olives Fruit) (Potatoes, Whey, Milk
Y B icly {Chip fal Brewergrains| | | =om). —| Potaanc | s =] Barkfrom
and ) R 4 p||_:, Beael eal ) decortication
Marke! Wasie digested Grease (Beer, 'Pnr,'ﬂ' Fumen
Sludge separaior) lalt coffee) (Potatoss)
S— \ J h J \ r
e
Induetrial Frocess 'I.'E.Er :‘:'ar:.ure
- wood — | wastewater | | CEE'I?I@ :ar:l;;:l
C] sarbonigsd Used texties {Starch) Horses)
! P
partly carbonized Solid =20 % DS
not carbonized until now Liquid = 20 % DS

(From Sardinia, 2009)



Factors influencing the production and applications of char

Flant size/throughput
Investment cost
Scale-up possible? Quality of
! P product(s)
- f g -
Feedstock price Aulciatat AR Flexibility of product(s) application
#”a”ab'“tty - Ecaremics Process waste treatment
POt = Competition
1 |
Processes * 7 Post treatment {if necessary)
Slow pyrolysis L Thermal'chemical activation
Fast (flash) pyrolysis I Mixing with compost
Gasification [ Anaerabic digestion
Hydrothermal carbonization I Activation in soil
Partial combusticn ! Separation
Drying
wd L
Ly

Feedstock

Agricultural residues
Sy g Solcda {char, coke) =
Production of char Liquids (water-solublefinsoluble) Application
o Gases {mndarisahla,
sludge incondensable

Dhaﬁast& materials
Char properties
Porosﬁﬂg pe

Particle size (+ distribution)
Water-holding capacity

Process conditions Water repellency

Maximum temperature lon exchange capacity

Heating rate Sorption capacity

Residence time Mutrient capacity

Pressure MNutrient contant

Surrounding medium H

(gases, wafer, steam) (%-:Jntaminants (PAH, heavy metals)

Cooling rate Salt content



SRB high
temperature/efficiency panels



Achieving high temperature high
efficiency flat solar panels

* High temperature solar thermal usually regarded
as requiring focusing (concentrators)
— Focusing loses diffuse light (=30% in sunny areas,
50% in central Europe)

« Can also be achieved by reducing thermal
losses from gas conduction/convection,
mechanical contacts, radiation emission using
— Vacuum
— Selective coating




CERN (SRB) enabling technologies

Ultra Vacuum
Getter Pump
Selective Treatment
Metal Glass Weld

* Technology born at
CERN

 |ndustrial
development at SRB
Geneva

 Production at SRB
Valencia




Design challenges achieved

« Vacuum (10-"Torr) over 20 +
year panel lifetime

« Mechanical structure to
withstand 10 T/m? applied on
glass

« Getter pump powered by sun
to retain 10+ Torr for decades
with no external pumping

* Low cost materials with low
outgassing

« Seal between metal frame
and glass vacuum-tight

* A selective layer with high
absorbency and low emissivity

The SRB solar thermal collector




Getter pump technology

[11T717717177171777 Clean surface
Partiall d
111111117 ar Iaszr(f:g(\:/eere
[117117777777777777 Saturated surface
7777777777777, 77 Surface cleaned by
o ’ heating

O
SRB The SRB solar thermal collector
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The SRB solar thermal collector

What is the vacuum level required for the solar panels ?
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The SRB solar thermal collector

Frame

Absorber

Glass to metal

welding

The SRB solar collector

Getter pumping
(NEG)
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Temperatures > 300° C without focusing mirrors
Utilizes diffuse light (> 50% in Central Europe)

Cylindrical mirrors, equally good for direct and

diffuse light may raise maximum temperature >
400° C

23



Various thermal solar heaters

Temperature 30° C

scale

Applicati
ons

Panels
SRB

Thermal
panels

Competitive
advantages

®),
SRB

60° C 110°
C
Sanitary © Heating e Tele heating (district
water o Air heating)
conditioni e Air conditioning
ng e Industrial heating

il

i

Conventional
panels

(drying, sterilization,
steam production,
central thermal hybrid
plant for electricity)

250° C

Thermodynamic
production of
electricity

Vacuum tubes
with parabolic
mirros

Less sensitive to the
pollution of mirrors

More efficient in
cold climates

Higher yield compared
to photovoltaics

More effective for diffuse

light



Example of implementation

GENEVE

AEROPORT

* Orientation: south

« Tilt: 0°

« Aperture area: 1139 m?
 Installed power : 630kW @ 130° C
« Heat transfer fluid : synthethic oil

« Solar field inlet /outlet temperature: 90°C

« Solar field outlet temperature: 130° C

« Annual solar energy yield: 566 MWh

« Annual cooling energy production: 285 MWh

25



Broad description & status of
joint system



Initial simulation results

« 17.8 kWh needed to heat vessel and 50
liter content from 20° C to 250° C

* Number of 50 liter batches transformed to
solid fuel a year using 4 collectors (16m?)

— 411 (no recovery between days/batches)
— 519 (50% recovery between days)

— 695 (50% recovery between two reactors in
tandem and 50% between days)



The SRB solar thermal collector

Thermal efficiencies as function of the temperature
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Temperature, [*C]

Temperature, [*C]

Simulation results of thermal performance showing collector and tank
temperatures with solar irradiance on 4 representative days of year.
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Setup of pilot installation

« Four panels (X 4m2) and one 30 liter reactor

« Sensors on reactor (heat, pressure) and panels

* Reactor heating switchable between solar and
electric energy source

SRB Energy solar thermal collector (left) and its assembly in a standalone structure with cylindrical mirrors (SRB Energy Ct—




Need to characterize the system

» Biochemical: reactions and their shaping
by controlling factors

* Qutputs: energetic and nutritive qualities
« Safety and convenience of operation

* Energetic:

* Economic

* Transportability of device



Feasibility, above all

» Existing economic evaluations of HTC have
assumptions not relevant to our case
— Large capital cost for reactor
— Significant cost of energy inputs
— Need to transport inputs and outputs long distances
* |In our case, we the use case is more like....

« A $10,000 reactor able to produce 50 kg/day of
HTC-coal (calorific value of 27 MJ/kg) in situ
from free (or even nuisance-full) inputs ...



QUESTIONS....?



END



Accreted odds and ends
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Hydrothermal processes

 AMIT SLIDES, supplemented by YG ones

» HTC can be defined as combined dehydration and decarboxylation
of a Biomass to raise its carbon content with the aim of achieving a
higher calorific value

» CgHy,06 — CgH,O + 5 H,O + Energy
» Early patents can be traced back to 1850: ‘wet carbonization’ of peat
as a method for dewatering %
» It is known that char can be produced through dewatering of peat
» The following range of operational conditions are known
— Elevated temperature 180 - 290° C
— Steam saturated pressure
— The pH-value of the feed should be below 7
— process times vary between 1 and 72 h
» The carbon is retained
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Range of sophisticated organic reactions using only sun
and moist biomass

Polarity ‘1,: higher solubility of organics

1 K. T more acid-base reactions — higher degradability

Hydrolysis and dehydration — breaking down of
organic molecules (e.g. cellulose) by water.

/ 4(C¢H 00s5), 22 2(Cy,H,0s), + 10H,0

Decarboxylation - removes a carboxyl group
HTC reactor 7™ (COOH-) and releases CO,

high P <50 C:H10; — Css:H 045 + 0.75C0, + 3H,0
Atm. &Temp
<250 C ~—3 Condensation — Polymerization - Aromatization —

OM degraded to monomers which polymerized and
. : aromatized to form the hydro-coal (char)- rate is
Kind of reaction controlled : .
by temperature, pressure, Mainly controlled by temperature, pH and residence

feedstock, duration time



Off grid operation: bring reactor to
feedstock not feedstock to reactor



Free available inputs and off-grid operation suited
to developing country contexts



