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Abstract 

In an integrated geothermal biorefinery, low-grade geothermal heat is used as process 

heat to allow the co-products of biofuel production to become available for higher-

value uses. In this paper we consider integrating geothermal heat into a biochemical 

lignocellulosic biorefinery so that the lignin-enriched residue can be used either as a 

feedstock for chemicals and materials or for on-site electricity generation. Depending 

on the relative economic value of these two uses, we can maximize revenue of a 

biorefinery by judicious distribution of the lignin-enriched residue between these two 

options. We quantify the performance improvement from integrating geothermal 

energy for an optimized system. We then use a thermodynamic argument to show that 

integrating geothermal heat into a biorefinery represents an improvement in overall 

resource utilization efficiency in all cases considered. Finally, possible future 

technologies for electricity generation are considered which could improve this 

efficiency further.  

 

Key words: bioenergy; biorefinery; geothermal energy; process heat; integrated 

approach. 

1. Introduction 

In order to meet our energy demands while moving away from fossil fuel dominated 

energy supplies, it will become increasingly necessary to improve the efficiency with 

which we utilize our renewable resources. Improved efficiency also enables decreased 

greenhouse gas emissions by displacing more emissions from fossil fuel per unit of 

renewable resource. The biorefinery concept (Demirbas, 2009; Ragauskas et al., 
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2006), where a range of high-value co-products are produced in addition to 

commodity fuel products, attempts to achieve increased efficiency by making full use 

of biomass feedstocks (Dodds and Gross, 2007; Elnashaie et al., 2008; Ragauskas et 

al., 2006; Zhang, 2008). Due to the potential cost reductions from this strategy, 

biorefineries are seen as a key step towards the commercial implementation of 

biofuels (Ragauskas et al., 2006). Biofuel technology research and development 

shows a clear trend towards lignocellulosic feedstocks for these biorefineries (IEA, 

2008). Lignocellulosic feedstocks have a number of advantages over other feedstocks 

in that they: (i) mitigate competition for land and water used for food production; (ii) 

increase biomass production per unit of land; and (iii) require reduced inputs for 

biomass growth (Metzger and Huttermann, 2008; Schmer et al., 2008; Tilman et al., 

2009). 

 

A large percentage of the lignocellulosic biorefinery concepts that have so far been 

proposed are based on a biochemical conversion platform where the polysaccharides 

in  lignocellulosic material  are converted to liquid fuel using enzymes (Huber et al., 

2006; Wooley et al., 1999). In these systems it has been proposed that the lignin by-

product and other extractives can be used for higher value uses such as the production 

of high-value chemicals and materials (Dodds and Gross, 2007; Ragauskas et al., 

2006). An alternative  higher-value use is combusting the lignin for on-site electricity 

production (Larsen et al., 2008). 

 

One of the major impediments to the lignocellulosic biorefinery concept is that the 

liquid fuel production from lignocellulosic biomass is a very energy intensive process 

(Cardona Alzate and Sánchez Toro, 2006; Piccolo and Bezzo, 2009; Ragauskas et al., 

2006; Wooley et al., 1999). Current integrated biorefinery concepts use the lignin 

enriched residue as a fuel to meet process energy demands, reducing the possibility of 

higher-value uses of lignin. In this paper we propose an approach  where low-grade 

geothermal heat is used to provide process heat for the biorefinery, allowing the lignin 

enriched residue to become available for higher-value uses (see Fig. 1).  
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Figure 1: a) Current biorefinery concept, where the lignin is combusted to provide 

process steam b) Integrated geothermal biorefinery concept, where geothermal heat 

provides process steam and the lignin becomes available for higher-value uses.  

 

Geothermal energy originates from two sources: original heat from the formation of 

the Earth by gravitational collapse, and radioactive decay of various isotopes 

(Kutscher, 2000). In normal areas of the world, the temperature increases as a 

function of depth at a fairly constant rate of 3 °C per 100 m. However, in anomalous 

regions associated with volcanic or tectonic activity, the temperature gradient is about 

10-30 times higher than normal. In such regions temperatures of 300 °C are common 

at a depth of 1 km (Barbier, 2002).  Geothermal energy can be divided into three 

groups according to the resource temperature: low (<90-150 ºC), medium (<90-200 

ºC) and high (> 150-225 ºC) (Etemoglu and Can, 2007). The typical steam 

requirements for the biofuel production process are around 190-200 ºC, i.e., medium 

and high temperature geothermal resources are suitable for meeting process heat 

demand. 

 

Exploiting the concept of an integrated geothermal biorefinery requires the co-

location of geothermal and biomass resources. A number of countries, particularly 

around the Pacific Rim, have significant geothermal resources. A number of these 

countries also have existing or the potential for, increased production of biomass 
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resources (Campbell et al., 2008; Potapov et al., 2008; Schmitt et al., 2009) and could 

be candidates for the implementation of this concept. For example, in the central 

North Island of New Zealand, much of the country’s sustainably managed plantation 

forest is co-located with its largest geothermal resource. It is estimated that the 

plantation forest within a 100 km radius of the geothermal resource could provide 

biomass at a sustained yield of 6-8 M m
3
/year (MAF 2009). Assuming this resource 

was used for biofuel production in a number of biorefineries in the area, it can be 

shown that the geothermal resource (with temperature 190 ºC or above) in the area is 

50 to 100 times the process heat requirements for these biorefineries (deVos et al., 

2009). 

 

In this paper we quantify the potential benefits of integrating geothermal energy into a 

biorefinery based on a process model of a biochemical technology. The biofuel 

production process that acts as a base case is described in Section 2. In Section 3, the 

performance improvement of integrating geothermal energy into a biorefinery with 

the objective of maximizing revenue is quantified. The lignin residue and the 

geothermal heat have a number of potential end uses. In Section 4, we use a 

thermodynamic argument to show that the integration of these two renewable 

resources in a geothermal biorefinery results in an overall improvement in resource 

utilization compared to a number of other potential uses of geothermal heat. As the 

efficiency of this resource utilization in a number of cases depends on the efficiency 

of producing electricity from lignin, alternative technologies for electricity generation 

are described in Section 5. In Section 6 we conclude.  

 

2. The biofuel production process 

There are currently two main technological pathways for converting lignocellulosic 

biomass into biofuels: a thermochemical route via gasification, and a biochemical 

route using enzymes (IEA, 2008). We limit our discussion to the biochemical route to 

ethanol production and analyse the possibilities associated with integrating 

geothermal energy for process heat into these systems.  

 

Several process models for the production of ethanol from biomass have been 

reported in the literature (Cardona Alzate and Sánchez Toro, 2006; Piccolo and 
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Bezzo, 2009; Wooley et al., 1999). In particular, Wooley et al. (1999) have described 

in detail the overall process for ethanol production from wood chips via a process of 

simultaneous scarification and fermentation (SSCF). They considered a process that 

on average converts about 44.44 kg/s of wet biomass (47% moisture content) to 5 kg/s 

of ethanol. The process utilizes lignin enriched co-products to meet process heat 

demand. The model showed that such a plant can produce more energy than required 

for process demands. The model includes an integrated power plant capable of 

producing 44 MW of electricity (33 MW for internal use and 11 MW for export). A 

process model by Piccalo and Bezzo (2009) uses pinch analysis to further optimize 

the heat integration of the original system described by Wooley et al. (1999). 

 

Biochemical conversion of lignocellulosic feedstocks to ethanol consists of three 

major chemical conversion process steps: pretreatment, enzymatic hydrolysis and 

fermentation. The supply chain of this conversion process includes feedstock growth, 

harvesting, handling, and transport; separation of the biomass to give small and 

homogeneous particles; fractionation of the polymers; separation of the solid 

component; end product recovery and distribution. An overview of the process is 

shown in Fig. 2. Table 1 presents the energy demand in various steps of the process as 

summarised by Piccolo and Bezzo (2009). It should be mentioned here that not all of 

the processes are endothermic; some are in fact exothermic such as the fermentation 

process. The heat requirements for the endothermic processes are presented in Table 

1. It is notable that heat inputs in the distillation and dehydration steps in these 

process models differ significantly among authors. This is largely due to the level of 

heat integration considered in the various treatments.  
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Figure 2: Block diagram of fuel ethanol production from lignocellulosic biomass.  

 

Table 1: Process heat requirements in various steps of  

the bioethanol production chain (Piccolo and Bezzo, 2009) 

Process step Energy demand 

[MJ/L EtOH] 

Pretreatment 2.5 - 4.7 

Distillation + Dehydration 3.5 - 27.9 

Evaporation 4.3  

 

 

Following Piccalo and Bezzo (2009), the base case considered here is assumed to 

process 160000 kg of wet chip per hour, where the composition of the wood chip is 

22% cellulose, 10% hemicellulose, 20% lignin and 48% moisture. The total process 

heat demand is about 134 MW, with 46 MW high quality steam (12.4 kg/s saturated 
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at 1313 kPa and 4.7 kg/s saturated at 444.4 kPa) and the rest low grade heat (Wooley 

et al., 1999).  

 

3. Integrating geothermal resources into a biorefinery 

Incorporating geothermal energy to meet the process heat demand in the biofuel 

production process described in Section 2 allows lignin enriched residue to become 

available as a feedstock for higher-value chemicals or materials or for on-site 

electricity generation.  We can maximize revenue of a biorefinery by judicious 

distribution of the lignin-enriched residue between feedstock of chemicals and 

materials, and on-site electricity production. We consider three discrete cases: 

(i) maximize lignin production – in the case that the revenue from lignin as a 

feedstock for chemicals or materials is higher than the value of  importing 

electricity,  

(ii) maximize electricity production – in the case that generating and exporting 

electricity from the lignin is of higher value than the value of lignin as a 

feedstock for chemicals or materials, 

(iii) maximize lignin production while remaining self-sufficient in electricity – 

in the case that  the value of lignin as a feedstock for chemical production 

is in-between the value of  importing and exporting electricity. 

 

These three cases cover the options given the potential end-uses under consideration. 

The choice of which option to pursue in any particular case depends on the particular 

local market-environment of the biorefinery and potential future technology 

developments. It should be mentioned here that we have assumed the cost of 

geothermal heat is lower than lignin and electricity price. Therefore the price of lignin 

or electricity will not increase if geothermal heat is incorporated into the system. 

Based on the description of the process given in Section 2 above we can estimate the 

potential contribution geothermal energy can make in each of these three cases: 

  

(i) maximize lignin production 

To meet this objective without integrated geothermal heat requires that lignin is 

combusted to meet process heat demand, but electricity can be imported from the grid 

to meet electricity demand. Based on the model described in Section 2, this requires 

4.56 kg/s of lignin, leaving 4.56 kg/s of lignin (or 0.7 kg lignin/L of ethanol) available 
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as a feedstock for chemicals and materials. In contrast, if geothermal heat is used to 

meet the process heat demand in the system then availability of lignin doubles to 1.4 

kg lignin/L of ethanol. The electricity demand for the process can be met from an 

external source. If this is a renewable energy source, the overall greenhouse gas 

emissions can be maintained at a lower level.  

 

(ii) maximize electricity production  

To meet this objective without geothermal heat, 9.1 kg/s of lignin can be diverted to 

electricity production and process heat demand. Therefore, 44 MW of electricity is 

generated based on the model in Section 2. This assumes that low temperature process 

heat can be met through a cogeneration process where waste heat from electricity 

generation is utilized.   Using geothermal heat to meet the process heat demand can 

increase the electricity production from 44 MW to 55 MW, representing a 25% 

increase. This result is based on the boiler assumed by Wooley et al. (1999). A 

number of alternative technologies are under development that increase the efficiency 

at which biomass can be turned into electricity and can lead to increased electricity 

production. This is discussed further in Section 5. 

 

(iii) maximize lignin production  while remaining self-sufficient in electricity 

To meet this objective without geothermal heat requires 9 kg/s of lignin for process 

heat and electricity generation, leaving 0.11 kg/s (or 0.1 kg lignin/L of ethanol) 

available for export.  If geothermal energy is incorporated into the system, the 

availability of lignin increases to 0.6 kg lignin/L of ethanol. Table 2 summarizes the 

potential performance gains in each of the three cases of integrated geothermal 

biorefinery (IGB). 

 

 

Table 2: Available resources for three different cases 

 (i) maximize lignin 

production 

(ii) maximize 

electricity 

production 

(iii) maximize lignin + 

self sufficient in 

electricity 

Base case 0.7 kg lignin/ L ethanol 44 MW 0.1 kg lignin/ L ethanol 

IGB 1.4 kg lignin/ L ethanol 55 MW 0.6 kg lignin/ L ethanol 
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4. Optimal resource utilization 

In the previous section we have quantified the performance improvement possible by 

integrating geothermal heat into a lignocellulosic biorefinery. However, geothermal 

steam and the residual lignin resources could be used in a number of different energy 

products and it is necessary to determine if an integrated geothermal biorefinery 

represents the optimal utilization of these resources. To consider this question it is 

necessary to provide a measure of resource value that is consistent for both the 

geothermal steam and the residual lignin. By invoking the second law of 

thermodynamics we can place a value on the lignin by considering the potential of the 

lignin stream  to produce thermodynamic work (work potential is also referred to as 

exergy (Bejan, 1997; Szargut et al., 1988)). This can then be compared with the 

exergy of the geothermal steam.  A suitable definition for the resource utilization 

efficiency is given by Eq. (1).  

inExergy 

outExergy 
=η                                                    (1) 

This is essentially a measure of how effectively the exergy in the geothermal and 

lignin resources is converted into exergy in the electricity and process heat products. 

It would not be as useful to simply use “energy in” and “energy out” in the definition 

of resource efficiency as not all of the energy in heat is available for work (Bejan, 

1997). Note that the output biofuel from the biorefinery is considered fixed in this 

paper and does not take part in our argument, and that the inefficiencies associated 

with the conversion of residual lignin to higher-value chemicals or materials are not 

considered here. 

 

For the biorefinery systems we consider, potential contributions to the exergy input in 

Eq. (1) are the lignin stream, ligninligninm ε&  , where ligninε  and ligninm&  are the available 

chemical exergy and mass flow rate of the lignin, respectively, and the geothermal 

stream geogeom ε∆& , where geoε∆ is the input exergy of the geothermal heat and geom&  

represents the corresponding mass flow rate of the geothermal fluid. Potential exergy 

outputs are the power generated by the biorefinery, bioP , and the geothermal power 

plant, geoP , (where we have assumed that the exergy of electricity is equal to the 

energy), and the exergy of the process heat demand  ∑
i

iprociprocm )()( ε& , where procε  
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and procm& are the exergy and mass flow rate of the process heat, respectively. The heat 

demand is fixed in the present case and the subscript “i” in the sum represents process 

heat requirements at different operating conditions, e.g., high pressure/low pressure.   

 

Work potential is calculated with respect to the environmental conditions, often 

referred to as the “dead state” (Szargut et al., 1988). The dead state temperature and 

pressure are assumed to be 25 ºC and 100 kPa, respectively. The process heat exergy 

procε , is calculated as: 

)( 000 SSThh procprocproc −−−=ε                                 (2) 

Here, suffix proc and 0 stand for process and dead state, respectively. The net exergy 

of the geothermal fluid geoε∆ , can be calculated from the following equation: 

)( 000 SSThh geogeogeo −−−=∆ε                               (3) 

Geothermal fluid reinjection conditions are also assumed to be the same as the dead 

state temperature. The chemical exergy of lignin enriched residue is assumed to 

be ligninε = 25 MJ/kg  (Shieh and Fan, 1982).  

 

We now analyse the resource efficiency corresponding to each of the three cases 

introduced in Section 3. It is difficult to formulate a general efficiency measure for all 

of the three cases as there may be different inputs and outputs for each them. 

However, for each of the three cases either the numerators or denominators in Eq. (1) 

are equal for the base case (BC) and the IGB. This means that either the outputs or the 

inputs of the BC and the IGB are the same allowing us to make a comparison within 

each case.    

 

(i) maximize lignin production 

In this case, the lignin has a higher value as a feedstock for chemicals and materials 

than as a fuel for electricity generation, so electricity is imported to meet the process 

electricity demand. The remaining process energy demand, in this case, is the process 

heat demand. In the BC, without geothermal heat, this needs to be met by combustion 

of lignin. In an IGB this is met by geothermal heat (See Fig. 3). The efficiencies for 

these two alternatives are:  
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where the numerators are equal. In the base case, the resource efficiency, BCη , is 

reduced due to the combination of two inefficiencies. The first inefficiency is due to 

the exergy destruction in combusting the lignin and the second is the direct reduction 

in temperature from the combustion temperature (815 ºC for lignin) (Gani and Naruse, 

2007) to that of the process heat (200 ºC). The second inefficiency is bounded below 

by the Carnot efficiency (Bejan, 1997).  

H

L
Carnot

T

T
−= 1η                                                           (5) 

where TL represents the heat sink temperature and TH  represents the heat source 

temperature. In practice, the Carnot efficiency is not obtainable due to irreversibilities 

in the heat transfer process. Based on the NREL model (Wooley et al., 1999), the 

value of  BCη  is 0.22.  

 

In contrast, the efficiency of direct utilization of geothermal heat ( IGBη ) can be quite 

high. The main inefficiency in this case is due to heat transfer of the geothermal heat 

to the process heat. Estimates of  IGBη  range from 0.73 to 0.98 based on the 

geothermal resource enthalpy and heat exchanger effectiveness using standard 

approach (Holman, 1992). The heat transfer associated with exergy transfer 

( geogeom ε∆& ) is calculated from the following equation 

geogeoHEX hmQ ∆= && η                                                      (6) 

where Q&  is the geothermal heat transfer and HEXη  is the heat exchanger effectiveness. 

The value of the geothermal fluid mass flow rate, geom& , is obtained by substituting the 

enthalpy flow value of the geothermal fluid,  geoh∆ , and heat exchanger effectiveness, 

HEXη , in Eq. (6). For calculating both geoh∆  and geoε∆ , we use the thermo-physical 

properties database of pure water (REFPROP, 2007) with inlet conditions T = 200 ºC 

and given value of hgeo (1000-2200 kJ/kg) and outlet conditions T = 25 ºC and p = 100 



 

 12 

kPa. We ignore the effects of dissolved minerals in the geothermal fluid. The heat 

exchanger effectiveness is assumed a typical value of HEXη  = 0.8.  

 

We can also compare the efficiency of electricity generation from geothermal heat to 

the efficiency of using the geothermal heat directly as the process heat for the 

biorefinery. The efficiency in the case of geothermal heat being used to generate 

electricity is given by 

geogeo

geo

GP
m

P

ε
η

∆
=

&
                                                       (7) 

where the denominator is the same as for IGBη  above. The value of geoP  is obtained 

from  

QP thgeo
&⋅=η                                                          (8) 

The total process heat demand for the biorefinery is Q&  =  134 MW (Wooley et al., 

1999). We use the binary cycle thermal efficiency, thη  = 12% (DiPippo, 2004) to 

calculate geoP . The process steam conditions are saturated vapour at 444.4 kPa and 

1313 kPa. The calculated values of GPη  range from 0.36 to 0.49. Comparing these 

values with IGBη  calculated above shows that the direct use of geothermal heat is a 

more efficient use of the resource. 

 

(ii) maximize electricity production  

In this case electricity generation is the more valuable use of the lignin. The question 

then becomes: is it more efficient to use the lignin and geothermal resources to 

produce electricity (and also meet process heat demand) independently (which is the 

base case) or in an integrated biorefinery? The efficiencies for these options can be 

evaluated to be 
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where the denominators are the same. BC

bioP  and IGB

bioP  are the electricity generated 

from lignin in the base case and in the integrated geothermal biorefinery, respectively. 

geoP  is the electricity generated from the geothermal resource if it is used for 

electricity generation instead of for meeting the process heat demand. 

 

We have used  ligninm&  =  9.12 kg/s, BC

bioP =  44 MW (44000 kW), IGB

bioP  =55 MW (55000 

kW), ( procm& )4.4 bar = 22.44 kg/s and ( procm& )13 bar  = 28.11 kg/s (Wooley et al., 1999);  

geoP = 6.85 MW (6850 kW). The process heat requirement from the geothermal source 

in this case is only the high quality steam (Q& = 46 MW). The low quality heat can 

effectively be met from waste heat of electricity generation. The rest of the calculation 

is carried out in the same way as for objective (i) above. The calculated value of BCη   

ranges from 0.37 to 0.38 (depending on the geothermal resource enthalpy). The 

calculated values of IGBη  are approximately 0.39 (see Table 3). 

 

(iii) maximize lignin while remaining self-sufficient in electricity 

In this case the energy demand of the system is given by the electricity and process 

heat demands. These energy demands can be met in two ways: using lignin (base 

case) or using lignin and geothermal energy. The efficiencies corresponding to these 

two alternatives are: 

geogeoligninlignin

i
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where the numerators are the same. 

 

For calculating BCη  we have used ligninm&  = 8.36 kg/s and bioP = 33 MW (33000 kW). 

The rest of the calculation is the same as for objective (i) above.  For calculating IGBη , 

we have used ligninm&  = 6.84 kg/s and bioP = 33 MW (33000 kW). The rest of the 

calculation is performed in the same way as for objective (i) but assuming geothermal 

heat is used only to meet the high quality steam demand (Q& = 46 MW). The 
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calculated values are BCη  = 0.35 and IGBη  in the range from 0.38 to 0.39. A summary 

of the calculated values of BCη  and IGBη  for the three different objectives is presented 

in Table 3. 
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Figure 3: a) Exergy flow in current biorefinery concept, b) Exergy flow in integrated 

geothermal biorefinery concept. 

 

Table 3: Resource utilization efficiencies for the three  

cases described in the text 

Case (i) Case (ii) Case (iii) Enthalpy 

of 

geothermal 

resource 

[kJ/kg] 

BCη  

[-] 

IGBη  

[-] 

BCη  

[-] 

IGBη  

[-] 

BCη  

[-] 

IGBη  

[-] 

1000 0.22 0.98 0.38 0.39 0.35 0.39 

1300 0.22 0.85 0.37 0.39 0.35 0.39 

1600 0.22 0.79 0.37 0.39 0.35 0.39 

1900 0.22 0.76 0.37 0.39 0.35 0.39 

2200 0.22 0.73 0.37 0.39 0.35 0.38 
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5. Technology developments in biomass combustion to electricity  

In the previous section we have assumed a boiler thermal efficiency of thη  = 62% 

following Wooley et al. (1999). However the boiler design by Wooley et al. was not 

optimized for electricity production as its main aim was to produce steam for meeting 

process heat demand. If the boiler efficiency was more favourable, this would 

increase the efficiencies calculated in a number of cases in Section 4 above. There are 

other energy technologies that have the potential to improve the efficiency of 

electricity production from biomass. For example, gasification of biomass is an area 

of recent research and development  (Brammer and Bridgwater, 2002; Henderick and 

Williams, 2000; Nieminen and Kivelä, 1998; Sharma, 2009; Syred et al., 2004; 

Vyarawalla et al., 1984). The syngas  produced from biomass gasification has the 

potential to be used in internal combustion engines or in turbines with a potential 

thermal efficiency (ηth) in the range of 20% to 34% (Henderick and Williams, 2000) 

based on lower heating value (LHV). Using syngas for electricity production in a 

diesel engine, the electricity production can be increased from 55 MW to 82MW 

( IGBη , objective (ii)). Table 4 summarises possible technologies for electricity 

production from syngas. Typical thermal efficiencies ( thη ) are taken from Henderick 

and Williams (2000). Using these values of thη  and Equation (6), hypothetical 

resource utilization efficiencies ( IGBη ) are obtained for various power cycles (heat 

engines) for maximization of electricity production (objective (ii), see Table 5). 

 

 

Table 4: Thermal efficiency of possible technologies for  

electricity production from syngas 

Diesel engine 

Diesel only 

(ηth = 34%) 

(MW)  

Dual-fuel 

(ηth = 27%) 

(MW) 

Spark-

ignition 

engine 

(ηth = 21%) 

(MW) 

Micro-

turbine 

(ηth = 28%) 

(MW) 

82 

 

65 

 

51 

 

67 
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Table 5: Resource utilization efficiencies for the  

gasification process of case (ii) 

Enthalpy of 

geothermal 

resource 

[kJ/kg] 

IGBη  

(diesel) 

[-] 

IGBη  

(dual) 

 [-] 

IGBη  

 (SI) 

 [-] 

IGBη  

(micro 

turbine) 

[-] 

1000 0.50 0.44 0.38 0.45 

1300 0.50 0.43 0.37 0.44 

1600 0.50 0.43 0.37 0.44 

1900 0.50 0.43 0.37 0.44 

2200 0.50 0.43 0.37 0.44 

 

 

It is evident from Table 5 that both the diesel engine and micro-turbine can be good 

options for utilizing syngas. The spark-ignition engine is the least efficient. Using a 

diesel engine to utilize the syngas, electricity production can be increased about 49% 

(27 MW) compared to electricity production from lignin combustion and integrated 

geothermal energy for process heat demand (55 MW). Table 5 summarises the 

resource utilization efficiency of various technologies that use syngas. The effect of 

geothermal resource enthalpy is found to be negligible in all cases as the geothermal 

heat is used for only the high quality (200 ºC) heat demand. The low quality heat 

demand is met efficiently from the waste heat of electricity production. Thus, the 

quantity of geothermal heat is low (46 MW) and the geothermal resource enthalpy has 

little effect on the overall resource utilization efficiency. There are several issues 

however to be addressed before syngas can be adopted commercially, including the 

corrosion and erosion caused by particles of the syngas, as well as accumulation of tar 

from it (Syred et al., 2004). 

 

6. Conclusion  

This paper has considered the effect of integrating geothermal heat into a biochemical 

biorefinery so that the lignin enriched residue which is normally combusted to provide 

process heat becomes available for higher-value uses, such as, the production of high-

value chemicals and materials or electricity generation. In all scenarios considered: (i) 

maximize lignin production,  (ii) maximize electricity production, and (iii) maximize 

lignin production while remaining self-sufficient in electricity, it was found that 
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incorporating geothermal energy both  increased production and  resulted in improved 

utilization of both biomass and/or geothermal resources.  
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