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1 INTRODUCTION 

This extended abstract includes further experimental details, additional results and outlook. 

2 EXPERIMENTAL 

2.1 SETUP 

A simplified PI diagram of the catalytic hydropyrolysis (H2CAP) setup constructed at DTU-Chemical Engi-

neering is shown in Figure 3. It consist of a feeding section with gas mixing (H2, H2S and N2), liquid feeding 

(for catalysts activation by sulfidation) and a 4 L pressurized biomass screw feeder with stirring and feed screw 

rotation through magnetic couplings with additional gas feeding for biomass entrainment. A reactor section 

with gas preheater, fluid bed reactor (29.5 mm i.d.) with disengager zone (49.3 mm i.d.), heated filter (SS316 

sinter metal tube) and char collector and a fixed bed HDO reactor (32.5 mm i.d.). Finally, a makeup section 

with three stage cooling (25 °C, 2 °C, −35 °C), condensation and liquid collection, pressure reduction, online 

gas analysis by GC and flaring of exhaust gasses. 

 

Figure 3: Simplified PI dia-

gram of the bench scale cata-

lytic hydropyrolysis setup 

constructed at DTU Chemical 

Engineering. It includes gas, 

liquid and solid feeding, fluid 

bed catalytic hydropyrolysis 

reactor (up to 40 bar and 350 

to 500°C), char separation, 

temperature adjustment, vapor 

phase HDO reactor (20 to 40 

bar and 300 to 400°C), three 

stage cooling and condensa-

tion, pressure reduction, 

online GC, and flaring of 

exhaust gasses. 

2.2 EXPERIMENTAL CONDITIONS 

Experiments have been performed with 50 g of a commercial CoMo/MgAl2O4 catalyst (180-355 μm sieve frac-

tion) in the fluid bed reactor and 173 g of a commercial NiMo/Al2O3 catalyst (trilobe extrudates) in the fixed 

bed HDO reactor. The catalysts were sulfided at 25 barg with 2-7.5 % of H2S, 5 % N2 in balance H2 by feeding 

liquid DMDS to the system. The setup was pressurized to 25 barg in N2 and the reactors heated to 170 °C, then 

the gas/liquid feed was changed to the sulfidation conditions and temperatures ramped to 350 °C at 2 °C/min 

and held at 350 °C for one hour.  

The hydropyrolysis of biomass have been performed at 25 barg with gas composition 470 ppm H2S, 6 % N2 

balance H2 at a total flow of 87 NL/min, of which 52 NL/min is through the gas preheater and 35 NL/min for 

entrainment of the biomass (preheated to 200 °C). The actual total flow at reaction temperature and pressure 

corresponds to approximately three times the minimum fluidization velocity (3umf) for the employed catalyst 

sieve fraction. 

The biomass was pulverized bark free beech wood (Dansk Træmel, DT 64) produced for smokehouses, with 

approximate particle size of 200 to 700 μm, water content of 5.75 wt.% (bone dry at 102 °C) and ash content of 

0.58 wt.% (dry basis). 



Table 1 summarizes the reaction conditions in the four experiments performed by the time of submitting this 

abstract. For each experiment a fresh load of catalyst in the fluid bed reactor and the same load of catalyst in the 

HDO reactor was used, but both catalysts were sulfided before each experiment. 

Table 1: Biomass feed rate and reactor temperatures for the first four experiments performed at the H2CAP setup 

 Exp. #1 Exp. #2 Exp. #3 Exp. #4 

Feed rate [g/h] 282 194 212 233 

Feed time [min] 210 156 245 241 

Fluid bed Temp. [°C] 425 400 400 470 

Filter Temp. [°C] 340 335 330 340 

HDO Temp. [°C] 375 350 400 390 

During the experiments the online GC analyzes (once every 12 min) for all C1-C5 alkanes and alkenes and C6+ 

as one lumped peak using an FID detector and CO, CO2, H2S, N2 and H2 using two TCD detectors. 

At the end of each experiment the liquid collection bottles are isolated from the gas flow, depressurized slowly 

to minimize evaporation and water and oil are collected. Char and catalyst are recovered from the fluid bed and 

filter and the char yield determined by subtracting the mass of catalyst loaded in the fluid bed from the total 

mass of catalyst and char recovered. The wood left in the screw feeder is recovered to determine the total 

amount fed and the average feed rate. 

The yield of liquid oil, liquid water, char, CO+CO2, non-condensable C1-C3 gasses and potentially condensable 

C4+ gasses were calculated using the total biomass fed (dry, ash free basis).  

3 EXTENDED RESULTS 

The difference in reaction conditions between Exp.# 1 and 2 are lower temperatures in both fluid bed (425 and 

400 °C) and fixed bed (375 and 350 °C) reactors and lower biomass feed rate (282 and 194 g/h). As expected 

this results in slightly increased char yield, decreased gas yield and the fraction of oil condensed relative to the 

total oil yield decreases due to lower vapor concentration in condensers. Instead of increasing the total oil yield 

the lowered temperatures increased the aqueous phase yield, indicating that water-soluble oxygenates are 

formed. This is under investigation. In Exp. #3 approximately the same feed rate and fluid bed temperature was 

used as in Exp.#2, but the temperature in the HDO reactor was increased from 350 to 400 °C. This resulted in 

decreased aqueous phase yield and increased gas and oil yield. In Exp. #4 the temperature in the HDO reactor 

was kept at 400 °C and the temperature in the fluid bed was increased to 470 °C. This resulted in decreased 

char yield and in increased gas and oil yield. The yields of aqueous phase in Exp. #1, 3 and 4, where the HDO 

reactor temperature is 375 to 400 °C, were approximately equal. 

Table 2: CHONS composition, approximate higher heating value (HHV) [1] of the condensed oil and energy recovery of 

the C4+ gasses and condensed oil recovered. Values n.d. are under investigation 

 Exp. #1 Exp. #2 Exp. #3 Exp. #4 

C wt.% 87.5 87.7 88.3 n.d. 

H wt.% 12.5 12.3 11.7 n.d. 

O wt. ppm 30 0.3 30 n.d. 

N wt. ppm 13 n.d. 24 n.d. 

S wt. ppm 600 n.d. n.d. n.d. 

HHV MJ/kg 45.5 45.4 44.9 n.d. 

Energy recovery % 47.3 46.6 52.6 n.d. 

The elemental compositions, higher heating values (HHV) and energy recoveries of the condensed oil and C4+ 

gasses are summarized in Table 2. The analysis showed that the oils produced were essentially oxygen free 

(<30 wt. ppm O) resulting in HHV comparable to fossil fuels. Oxygenates determined in the condensed oil by 

O-specific GC-AED includes 4-ethylphenol, dimethylphenol, benzofuran, dibenzofuran, methyldibenzofurans 

and 2-naphthol, compounds which are among the least reactive oxygenates in HDO. There is some indication 

that increased HDO reactor temperature results in lower H/C ratio, and thus formation of aromatics, possibly 

due to equilibrium limitation in the hydrogenation of aromatics with increasing temperature. This is under in-

vestigation. 



The best mass yield of oil achieved (Exp.#4) was 22.2 wt. %, corresponding to a carbon atom yield of approx-

imately 39 % and an energy yield of approximately 53 %. This is a very high achievement compared to other 

biomass to liquid fuels strategies like second generation bio-ethanol and gasification for synthesis gas with 

downstream methanol or Fisher-Tropsch synthesis. Compared to the available literature for hydropyrolysis of 

wood this compares favorably with the reports from the group of Dayton, who achieved 17 to 19 wt.% of an oil 

with 2-3 wt.% O from Loblolly pine [2], and the group of Agrawal, who achieved 32 C-atom% of oxygen free 

oil (only based on gas analysis) from poplar [3]. This yield is somewhat lower than those reported by the group 

of Marker (IH2) who achieved 26-27 wt.% oil, which was essentially oxygen free, from mixed wood or maple 

[4].  
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Figure 4: Simulated distilla-

tion curve of the condensed 

oils from Exp.#1 to #3. The 

condensed product is mostly 

within diesel boiling point 

hydrocarbons and adding the 

potentially condensed C4+ 

alkanes, a mixture of naphtha 

and diesel is produced.  

 

A simulated distillation curve (SimDist by GC) of the condensed oil from Exp.#1 to #3 is shown in Figure 4. It 

shows that the condensed product is mostly within diesel boiling point hydrocarbons and adding the potentially 

condensed C4+ alkanes, a mixture of naphtha and diesel is produced. No alkenes were observed in the gas phase 

products. 

4 RELEVANCE AND OUTLOOK 

This first report from the H2CAP project at DTU Chemical Engineering demonstrates that catalytic hydropyrol-

ysis combined with hydrodeoxygenation (HDO) is an attractive route for conversion of biomass to liquid fuels. 

It confirms the findings of the IH2 project at GTI.  

The process conditions will be further investigated and optimized. Besides reactor temperatures and pressure, 

this will include optimizing the space velocity for high production rates. The currently employed catalysts are 

commercial products, but other formulations will be investigated, particular for reducing the cracking reactions 

forming non-condensable gasses, since literature suggests that too active catalysts results in high gas yield [5] 

and that both gas and char yield can be minimized by optimizing the catalyst [4].  
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