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THERMO-CHEMICAL BIOMASSCONVERSIONBY Qg = Qug+ Qng, WhereQuyg is the heat transfer from the walls to the
PISTON COMPRESSION OF SURROUNDING GAS compression gas anQyg is the heat transfer from the biomass to the
compression gas. Radiation and combined natural/forced convection are

N. J. Parziale included in both terms. The walls are assumed to have the properties of
steef and the biomass is assumed to have the thermo-physical pespert
Mechanical Engineering of cornstover’
Stevens Institute of Technology The biomass is assumed to be a collection of independent spheres
1 Castle Point on Hudson that act as a lumped mass; so, the temperature change is predicted as
Hoboken, NJ 07030, USA dTy . : :
nick.parziale@gmail.com Mgy = ~Qog + Qowr + Qany )
whereQpyr is the heat transfer from the biomass to the walls by radiation
Introduction andQAhp is the rate of energy loss due to pyrolysis. The mass and spe-

Thermo-chemical biomass conversion by pyrolysis to bio-oil, biaific heat of the biomassr, andc,) are assumed to be constant through
char, and non-condensable gases is a part of an attractive path to athelthemro-chemical conversion process; however, individual fractions
ternative energy source because of the upgrade in heating value andafem, are permitted to evolve as computed by the Dieffotdecha-
sity.? This is a short note intended to highlight the prospects ofsa@fi nism. The heat of pyrolysis reaction is taken to/Ma, = 538 kd/kg®
a piston to compress a gas that surrounds biomass in a cylinder so thafliegemass-loss-rate due to pyrolysisyj is taken to be rate at which the
biomass may be heated for thermo-chemical conversion to bio-oil, biiebold* model predicts the virgin and active cellulose decompose; so,
char, and non-condensable gases. An example calculation is presef@ggg: Ahpmp. This is a crude treatment which should be revisited.
where argon and small amounts of biomass (110 ppm) are injected into The combined natural/forced heat transfer coefficients are found
a high compression engine turning at low speed (15 rpm). This stratégyn correlations? The natural convection to the waflsand to the
is found to have bio-products, energy recovery, and power requiremédsitenass are assumed to be steady by non-dimensional analysis.
that are similar to those reported in the literature for fluidized-bed fa$termo-physical properties for the compression gas are calculated us-
pyrolysis reactors. ing Canter& with appropriate thermodynamic data.

The typical 4-stroke cycle is: intake, compression, power, and ex-
haust; this is replaced with: intake, compression, expansion, and Example Calculation of Conditions
haust. The intake stroke draws in a two-phase mixture of compression The proposed arrangement is to use a cylinder from a high com-
gas and pulverized biomass. The compression stroke heats the qmassion ratio£20:1) reciprocating engine at low-speedl5-60 rpm)
pression gas nearly adiabatically BgV work and transfers energy todriven by an external energy source. Efjgnd?2 are integrated in time
the pulverized biomass by combined natural/forced convection andtheeugh the compression/expansion strokes of one cycle for one cylinder
diation. The expansion stroke rapidly decreases the temperature afrad7.3 L International Harvester Diesel Engine turning at 15 rpm. The
pressure of the bio-products and compression gas. The exhaust sitokgpression gas is argon; the biomass is comprised of spherical particles
forces the bio-products and compression gas from the cylinder. Durl@ pm in diameter with thermo-physical properties of corn stévar.
the rapid cooling of the pyrolysis vapors during the expansion strak@e-history of reactor pressuR compression gas temperat(ig and
bio-oil could condense in the cylinder. This could be addressed by hbiemass temperatuf®, for the reactor is presented as Fig.The max-
ing the exhaust valve situated so that the piston could “shovel” liquidum temperature of the biomass is over 500 °C at a pressure of over
products from the cylinder during the exhaust stroke. The heat relea®@dar. The heating rate exceeds 600 °C/s during the compression stroke
by condensation of the pyrolysis vapor is not included in the followirand then is rapidly cooled at over -500 °C/s during the expansion stroke.

calculations. The temperature of the compression-gas/biomass-products is calculated
to be belowx0 °C at the end of the expansion stroke; no phase changes
Energy Balance - Reactor Temperature Estimation are included in this calculation.
In this section, we formulate equations to predict the temperature of
the compression gas and the biomass in the reactor. The compression gas 80 N 700
is the gas that is injected into the cylinder along with the biomass. Con- ?70 ‘,}'-\ 600 2,
sider a closed control volume around the compression gas that is uniform =60 1A b\ 500
and excludes the biomass. The change ininternal energy of the compres- 50 g W\ 400 E
sion gas {g) is AUg = Qg —Wy. Here,Qq is the heat transfer into the 5 40 / R 300 =
compression gas from the surroundings, @gds energy transfer from % 30 54 ':' '-"\‘\ 200 &
the compression gas to the surroundings. Note Mkt = cygngATg, & zoyy/ yi N 100 &
where Ty is the temperature of the compression gag,is the molar 10 = O 0o B
specific heat at constant volume of the compression gasngigithe Qe=====F Teleas -100
. 0 05 1 15 2 25 3 35 4
number of moles of the compression gas. The pressure work on the Time (sec)
compression gas volum&y) is Wy = Pd\g; so, the time-rate form of
the energy balance is Figure 1. Calculation of reactor pressure (dashed), compression gas
Cvgng% — Qg _ p%. (1) temperaturdy in (dashed-dot), and biomass temperafiyésolid) for a

Inspection of Eql implies that the time-rate of change of temperature fgciprocating engine used for thermo-chemical biomass conversion.

increased by the volume decrease and decreased by heat transfer to the
surroundings. The compression is isentropi@df= 0. For this calculation, 143 mg of corn stover that pyrolyzes as cel-

The heat transfer of the compression gas to the surroundingéUigse is assumed to have been injected as a “dusty gas” (as defined by
Marble19) into 1 cylinder of the reactor; for the 8-cylinder/4-strokep



cess, this results in a 0.6 kg/hr processing rate of biomBgsolume, Discussion
the concentration of the ground stover is calculated to i2epbin. The In Boateng et atl and Mullen et al'2, the researchers report a
requirement for compression-gas feed is 200 mg/s/cylinBer the 8- figure of merit termed “energy recovery;” this is the estiethtatio of
cylinder/4-stroke process this requires 5.4 kg/hr of argon the heat of combustion of the bio-products to that of the $emk and
required input heat. In Boateng et Hl, the researchers report a balance
2 of input biomass to bio-products of 60.7% bio-oil, 12.9%-biar, and
11.3% non-condensable gas; this infers a mass-loss of 15vRebh is
N attributed to bio-products being trapped in the lines arddactor. They
N Comp. report an energy recovery of 50-55% based on bio-oil as austodn
N\ this report, we use the mass balance and the heating valpede® in
~— that work for the energy recovery estimate for the proposethod of
thermo-chemical conversion; the result is an energy reyose61%
based on bio-oil as a product. If we also include the energyired to
comminute the corn stoverthe energy recovery is 59%.
The feed-rates computed here are comparable to those found i
3 the literature for bench-scale fluidized-bed fast pyraly$ior example,
Boateng et al! report feed-rates of 2.5 kg/hr of switch grass with
4.8 kg/hr of N as a fluidizing gas. Mullen et & report 1.0-1.6 kg/hr

; R : ; ; ; rtioe of corn cobs or corn stover with the same apparatus. With theosed
Figure2. Pressure-Volume diagram for reciprocating engine fo ' cycle, it is calculated that 0.6 kg/hr of corn stover couldpbecessed

chemical biomass conversion. with 5.4 kg/hr of Ar required as a compression gas.
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The compression/expansion strokes are presented in peessgonclusion . o .
lume space in Fig2 with arrows indicating the cycle direction. Thi In this work, we assess the feasibility of using piston CceEBpIon
Vo p : 9 Y _ Sfor biomass conversion. The biomass is injected as a “dua/ g

pressure-volume diagram presents an advantage of theae&ijng re- into the cylinders of a reciprocating engine along with a poession
actor by illustrating the potential to dedV work during the expansion gas for thermo-chemical conversion. Much of the energy ireduo
stroke that can be extracted from each cycle to be used ihenoylin- ggg?grc)efssistpoer] %(a)?ng?gggigﬁrgncgghbgggif;%gﬁgﬁf% elfs_e in aigg:hef
der of the rggoctor on thi s:r?te cralnkt_shaf_t (notlgg tlha(tj C"_“B“’m’:" apparatus. The bio-products and compression gas can lelibmough
curs_everyo per crankshat revolution in an o-cyiin erynee_). S a cyclonic separator, as in other fast pyrolysis methgdgor the
suming 80% mec.hanlcal efficiency and |n(;|ud|ng the energuired to proposed cycle, per the mechanisnDigbold, very little secondary gas
comminute the biomass;750 W are required to run the apparatus & produced, and over 70% of the biomass is in the form of pgisl
15 rpm. vapor. Engine speed can be tuned to a desired time-tempetastory

to alter the fractions of the bio products. Additionally,istnot clear

that the Diebold mechanism is appropriate for the calculated reactor

AVdall
1 VG A pressures of over 60 bar; Mok and AntAland others have found a
o 0.9 significant effect of pressure on the heat of pyrolysis arelridte at
08 AC which bio-products are formed.
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