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Abstract. The report includes a theoretical analysis of the heat energy savings in the drying of wood biomass with desiccant fumes. With the current 
technological schemes for drying wood pellets most heat is lost with the exhaust fumes.To use the heat of exhaust fumes it is propose to utilize these by a heat 
exchanger recuperator type, which transfers part of the heat of the exhaust gas to the fresh air entering the dryer installation. Thus, about 25% of the heat for 
drying biomass can be saved. The report examines the relationship between outdoor temperature and condensation of moisture from the exhaust gases on the 
relative share of energy saved using a heat exchanger.
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Introduction

Biomass and in particular wood is an enormous potential as a 
renewable energy source, which can be used successfully in heated 
livestock buildings. Pellets manufactured from wood are very 
suitable for this purpose because of the best heating quality (Uasuf  
and Becker, 2011; Selivanovs et al., 2012). In many cases they can 
replace natural gas, oil and coal as fuel. In the production of wood 
pellets significant energy costs are involved. The energy consumed 
to produce one tonne of pellets amounts at 400-600 kWh of energy 
on average (Di Giacomo and Taglieri, 2009; Pirraglia et al., 2010). 
About 70% of the total energy consumed goes for drying the source 
wood material (Pirraglia et al., 2010; Nikolov, 2013). Another feature 
of wood driers is the maintenance of a minimum temperature of 
100°C at the outlet of dryers to prevent condensation from resins 
and acids from the exhaust gases (Amos, 1998). Of course, the 
proportion of energy for drying the wood depends on the moisture of 
the raw material (Peychev et al., 2006). It is different, but usually 
ranges from 30 to 55%. The use of waste and cheap heat to dry 
biomass is crucial for the efficient production of pellets (Li et al., 
2011). To reduce energy costs in drying there are options for using 
the heat from waste gases. Karkania et al. (2012) reported 40-50% 
heat saving through the use of a heat exchanger recuperator-
condenser. Dried technological wood waste (wood shavings and 
sawdust) are often used for production of pellets. Their wood is dried 
in advance to 10% and no further drying is needed. It has been found 
that the formation of the value of the pellets follows the following 
proportion - 50% for raw material, 40% manufacturing costs and 
10% for transport of the pellets (The Wood Pellet Value Chain, 
2013). The problem is also the drying of wood before its direct use, 
the requirement being its humidity to be not higher than 20-25% 
(Peichev et al., 2006; Prokkola et al., 2014; Laitila et al., 2017).  
Literature review showed that the most energy-intensive process in 
the production of pellets is the drying of the source material - wood. 

The purpose of this paper was to made a theoretical analysis of 
the possibilities for heat energy savings in drying pelletwood by 
using flue gases.

Material and methods

The theoretical analysis of the possibilities for heat energy 
savings in drying pelletwood was made based on a pneumatic dryer 
for drying wood. A mixture of flue gases produced in a flue gas 
furnace and a preheated exhaust air in the heat exchanger  (Figure 
1) is used for the drying agent. 

Figure 1. Technological diagram of drying installation by 
suing a recuperator

The drying installation consists of a flue gas furnace, a mixing 
chamber - lowering the temperature of the flue gases under the 
technological one by blending with external air and recuperator. The 
recuperator serves for utilizing the heat of the flue gases. It preheats 
the external air fed to the furnace and the mixing chamber. Such a 
heat exchanger or heat pipe heat exchanger is suitable because it 
only uses energy exchange and there is no mass transfer between 
streams,  i.e. no moisture is transferred to the drying agent,
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which is important in this case. The wood for drying is fed into the 
dryer cut, with dimensions less than 4 mm, allowing it to dry within a 
few seconds. The processes of air treatment and drying in the drying 
installation are described in the h-x Mollier diagram for humid air 
(Figure 2). 

Figure 2.  Processes in the h-х Mollier diagram for drying 
milled wood with single use of flue gases

The technological points characterizing the beginning and end 
of the processes in the h-x diagram are as follows: 

 p.0 - characterizes the external environment; 

p.A - characterizes the condition of air after heating in the 

recuperator; 

p.F - characterizes the condition of flue gases after the 

furnace; 

p.1 - characterizes the condition of the drying agent after 

mixing of flue gases and the external air heated by the 

recuperator; 

p.2 - characterizes the condition of the exhaust drying 

agent.
The process from p.1 to p.2 presents evaporative cooling of the 

drying agent in the dryer. It is caused by moisture evaporating from 
the drying wood. In well-insulated dryer it is assumes that the 
process is adiabatic, i.e. h=const. The exhaust drying agent leaves 
with the parameters in point p.2. Its cooling in the heat exchanger is 
represented by the process line p.2 - p.3. The point p.3` represents 
the highest condensing temperature of the spent drying agent with 
parameters in p.2.

The air parameters at p.0 are assumed on average for the 
region of central southern Bulgaria (average annual temperature 
and relative humidity). The temperature of the air after the 
recuperative T  is determined by equation (8) and the temperature T  a 3

by equation (9) at the recuperator efficiency assumed 0.65 (Stamov 
et al., 2001). At the mixing point p.1, the temperature T  and the 1

moisture content x  are determined by mixing the inlet air after the 1

heat exchanger and the flue gases in a ratio in which the temperature 
T  does not exceed 220°C (at 270-280°С the exothermic 1

decomposition of the wood starts). For the production of flue gas, it is 
accepted to use waste wood with about 25% humidity, as is common 
practice in the area. The temperature of the exit from the drier Т  is 2

accepted at 100°C, as condensation of acids and resins in the dryer 
(Amos Wade, 1998) starts at a lower temperature.

The amount of moisture in the wood ▼W with the initial weight 
and moisture content, respectively m  and W  to moisture W  is 1 1 2

determined by (Kazakova-Sankeva, 2001, Selivanovs et al., 2012) 
with the following formula:

 ▼W = m1 (W1 – W2) / (100 – W2), kg     (1) 
The needed amount of air L, to take the moisture out of the 

material is determined by the following classical formula and by 
means of Figure 2:

L = 1000▼W /(x2 – x1), kg      (2)
Where: 
х1 and x2– moisture content of the air at the input and output of 

the dryer, g/kg
The needed amount of heat to evaporate the moisture is:
Q = L (h2 – h0), kJ       (3) 
and the specific heat loss q (to evaporate 1 kg of moisture) is:
q = l (h2 – h0), kJ/kg moisture,      (4)
Where: 
h₀ and h₂ are the external air enthalpy and the air leaving the 

drying chamber, kJ/kg;
I is specific air consumption (at ▼W=1kg), kg air/kg moisture.
The specific air consumption l in the mixing chamber with the 

parameters in p.1 is respectively:
l = 1000/ (x2 – x1), kg air/kg       (5)
The heat economy qm for the specific flow rate l of the 

circulating air is determined using the h-x wet air diagram (Figure 2) 
and the equation:

qm = l (ha  - ho), kJ/ kg moisture,      (6)
Where: 
Св - specific heat capacity of air, kJ/kg°C;
ha – air enthalpy after recuperator, kJ/kg.
The share of heat saved s1 is determined by the expression:

s1=qm/q        (7)

In a drying process with partial recirculation of the drying agent, 
the processes of preheating of the drying agent with heat 
exchangers do not change (Kazakova-Sankeva, 2001).

Under the conditions of the average annual temperature and 
humidity of the outside air, partial condensation of water vapor in the 
recuperator is achieved, which contributes to its relatively high 
efficiency. For temperature values Ta and T3 (Figure 1) according to 
(Stamov et al., 2001), the following is obtained:

Ta = To + η (T2  – T0 ), °C       (8)
T3 = T2 - η (T2  – T0 ), °C      (9)

Results and discussion

In the Mollier h-x chart (at 0.1 MPa), the individual points were 
determined under the conditions set forth above. One of the key 
technological points in the diagram of Figure 2 is p.1. It presents the 
parameters of the drying agent at the entrance to the dryer. The point 
p.1 (as well as the point p.F) lies to the right of the vertical of the 
moisture content x0. The higher moisture content of these process 
points is derived from the use of humid wood for the production of 
flue gas. Its higher humidity increases the moisture content of the 
drying agent and slides point p.1 to the right of the isotherm T1. As a 
result, the point p.2 also moves right to the isotherm T , which can 2

facilitate condensation in the heat exchanger as the condensate air 
temperature rises at point p.2. However, realistically, the 
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Table 1.Parameters of the technological points in the 
drying installation

Technological 

points

р.0

р.А

р.1

р.2

р.3

Temperature,
o Т, С

Moisture content,

 х, g/kg

Enthalpy, h,

 kJ/kg

10.2

68.6

220.0

100.0

41.6

6.2

6.2

14.5

60.0

51.5

27

85

262

262

173
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consumption of wood for the production of flue gas is increasing to 
evaporate its own increased moisture.

The parameters of the drying agent (mixture of heated air and 
flue gases) at the technological points are presented in Table 1.The 
condensation temperature of the exhaust air T3 (with parameters at 
point p.2) is reported at 44°C and the set temperature at the end of 
the heat exchanger T3 = 41.6°C (point p.3) is lower than the 
temperature of condensation (44°C), which favorably increases the 
energy exchange in the heat exchanger. It is found that at a 
temperature of the outside air T  above 15°C condensation of water 0

vapor in the heat exchanger ceases, which reduces its efficiency.
The results for the energy-humidity flows when drying biomass 

with and without a heat exchanger are presented in Table 2. The 
presented results are for the energy and humidity flow when drying 1 
t of wood with an initial moisture content W = 45% to a final moisture 1 

content W  = 10%, i.е. to the standard moisture content of the pellets.2

From equations (2), (4) and (6) it follows that the different 
moisture of the drying wood changes the energy required for drying, 
but not the relative share of energy saved when using a heat 
exchanger.The results for the energy flows are illustrated in Figure 3.

Conclusion

From the results obtained, the following conclusions can be 
drawn: 1) The use of an exhaust heat recovery heat exchanger 
saves an average of about 25% of the energy needed to dry the 
wood for the production of pellets. The different humidity of the wood 
does not affect this proportion. At outdoor temperatures below 15°C 
condensation of water vapor in the heat exchanger starts, which 
means that during the cold part of the year the share of energy saved 
will increase. 2) The share of energy saved is increased by 
condensation of water vapor of the exhaust air in the heat 
exchanger. 3) Along with the water vapor in the heat exchanger, 
resins and acids condense it, which pollute it and make it worse. 

Therefore, the use of chemically stable heat exchanger material and 
its periodic cleaning is recommended.
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