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Abstract. The energy performance of a cogeneration plant is influenced by the correct determination of the 

energy flows entering and leaving the energy contour. The rigorous determination of the energy content of 

solid biomass is a critical element in evaluating the performance of cogeneration systems. The intrinsic 

variability of the moisture and chemical composition of biomass directly influences the primary energy 

introduced into the system and conditions the values of the thermal and electrical efficiencies. In the absence 

of a correct quantification of the fuel energy, energy balances, efficiency indicators and economic analyses 

can be affected by systematic errors, compromising the comparability and validity of the reported results. 

This study presents a procedure for determining the energy content of solid biomass in the case of 

cogeneration plants, highlighting the factors that can introduce significant errors in energy balances  

1 Introduction  

Biomass is one of the oldest and most widely used 

energy sources by mankind, and in the current context 

of the energy transition it is gaining increased strategic 

importance. The increase in global energy demand, 

coupled with the need to reduce greenhouse gas 

emissions and dependence on fossil fuels, has led to 

increased interest in renewable and sustainable energy 

sources [1,2]. In this context, biomass is distinguished 

by its renewable nature, wide availability and potential 

for integration into existing energy systems. 

From an energy perspective, biomass includes a 

wide range of materials of biological origin, such as 

forestry and agricultural residues, dedicated energy 

crops, organic waste and biodegradable industrial by-

products. The inclusion of biomass in the circular 

economy value chain contributes to sustainable 

development and the energy transition [3,4]. 

The energy stored in biomass comes from the 

process of photosynthesis, through which solar energy 

is converted into chemical energy, which gives biomass 

an important role in the natural carbon cycle. When 

exploited sustainably, the use of biomass can contribute 

to reducing net carbon dioxide emissions by replacing 

fossil fuels and using waste streams of organic matter. 

A major advantage of biomass is its technological 

flexibility, as it can be used through different conversion 

processes (direct combustion, gasification, anaerobic 

digestion or biochemical conversion) to generate 

electricity and heat in cogeneration [5-7]. However, the 

sustainability of biomass is conditioned by the way in 

which resources are managed, the efficiency of energy 
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conversion and the correct assessment of the 

environmental impact. 

The calorific value, or the amount of heat available 

in a fuel (MJ/kg), is one of the most important 

characteristics of a fuel, as it indicates the total amount 

of energy available in the fuel. The calorific value of a 

particular type of fuel is largely a function of the 

chemical composition of the fuel [8]. Various empirical 

formulas for approximating the calorific value as a 

function of the elemental chemical composition have 

been developed [9,10]. The practical use of these 

formulas is limited due to the costs and technical 

difficulties of determining the energy content in real 

time. 

A procedure for determining the energy content of 

solid biomass in the case of cogeneration plants is 

presented in this study. The operating data of a 

cogeneration plant with organic Rankine cycle and 

biomass fuel (1.3 MWe and 5.4 MWth) were used for 

exemplification. 

2 Methodology 

The correct determination of the energy content of solid 

biomass is essential for the realistic assessment of the 

energy performance of cogeneration plants. Therefore, 

the energy performance indicators of a cogeneration 

plant are directly influenced by the correct 

determination of the energy flows entering and leaving 

the circuit (Figure 1).  

Since solid biomass always contains a certain 

amount of water, knowing the moisture content is 
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essential to determine the actual weight of the dry wood 

mass and to compare the quality of the biomass used. 

Fig. 1. Energy flows in a cogeneration plant. 

Since solid biomass always contains a certain 

amount of water, knowing the moisture content is 

essential to determine the actual weight of the dry wood 

mass and to compare the quality of the biomass used. 

In the context of the timber and biomass industry, 

ATRO (ATO) weight refers to the weight of dry wood 

(without moisture), while LUTRO (LTO) weight is the 

weight of wood at its actual current moisture content. 

ATRO stands for “absolut trocken” (German for 

“absolutely dry”). In essence, the LUTRO weight is a 

variable measure depending on moisture content, 

whereas the ATRO weight is a fixed, standardized 

measure of the pure wood material itself. 

The ATRO weight of biomass (ATO) is calculated 

according to the following formula: 

 

𝐴𝑇𝑂𝑖 = 𝐿𝑇𝑂𝑖 (
100−𝑀𝑖

100
)  (𝑡𝑜𝑛𝑠)                         (1) 

 

Ash content (mass fraction of non-combustible 

material) is an important parameter, with grass, bark and 

field crop residues typically having much higher ash 

contents than wood. Systems designed for wood 

combustion can be overloaded by the volume of ash if 

other biofuels are used, which can reduce combustion 

efficiency or block ash handling mechanisms. 

The average net calorific value of the consumed 

biomass (LCV) is calculated according to the formula 

[11]: 

 

𝑁𝐶𝑉𝑐,𝑖 = 𝑁𝐶𝑉𝑎𝑛ℎ,𝑖 (
100−𝑀𝑖

100
) − 0.02443 ∙ 𝑀𝑖    (

𝑀𝐽

𝑘𝑔
)      (2) 

 

The energy of the solid biomass consumed is 

calculated according to the formula: 

 

𝑊𝐵,𝑖 =
1

3.6
(𝐿𝑇𝑂𝑖 ∙ 𝑁𝐶𝑉𝑐,𝑖)    (𝑀𝑊ℎ)                          (3) 

Or 

𝑊𝐵,𝑖 =
1

3.6
𝐴𝑇𝑂𝑖 (𝑁𝐶𝑉𝑎𝑛ℎ,𝑖 − 2.443 (

𝑀𝑖

100−𝑀𝑖
))     (𝑀𝑊ℎ)  (4) 

 

The meaning of the terms in equations (1)-(4) is as 

follows: 

 LTOi (tons) is the quantity of solid biomass 

consumed from assortment "i"; 

 ATOi (tons) is the quantity of dry biomass (without 

water) from assortment "i"; 

 Mi (%) is the moisture content of biomass 

assortment "i";       

NCVanh,i (MJ/kg) is the net calorific value for the dry 

matter (without water) of biomass assortment "i"; 

NCVc,i (MJ/kg) is the net calorific value of biomass 

assortment "i" corrected with the moisture content; 

0.02443 and respectively 2.443 are the correction 

factors of the latent heat of water vaporization 

(enthalpy). 

Determining the energy content of the consumed 

biomass involves completing the steps shown in Figure 

2. 

Fig. 2. The main steps in determining the energy content of 

consumed biomass. 

3 Results and discussion 

Table 1 shows an example of calculating the energy 

content of biomass consumed in one month of operation 

of the cogeneration plant. The influence of ash content 

on the calorific value is presented in Table 2. 

 

Table 1. Example of calculating the biomass energy content. 

Biomass type 

Biomass quantity 

Moisture 

NCV 
Energy 

from fuel 
LTO ATO 

corrected 

initial state 

anhydrous 

state 

tons tons % MJ/kg MJ/kg MWh 

Wood chips 2067.76 1100.55 46.78 9.03 19.11 5185.70 

Wood bark 275.14 131.40 52.24 7.65 18.70 584.99 

Wood sawdust 18.20 10.42 42.73 9.29 18.05 46.98 

Total 2361.10 1242.37 47.38 8.87 19.06 5817.68 
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1. Determining the daily quantity of biomass consumed using the 

electronic scale mounted on the loading vehicle (LTO) 

2. Determination of the average daily moisture content of biomass (%) 

in our own laboratory (at least 3 biomass samples are collected at each 

feeding of the boiler bunker) (EN 14774) 

3. The net calorific value of the anhydrous mass is determined monthly 

for each type of biomass in an authorized external laboratory 

 (EN 14918) 

4. Determining the energy content of the consumed biomass using 

equations (1)-(4) 
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Table 2. Influence of ash content on the net calorific value of biomass. 

Biomass type Test 1 Test 2 Test 3 Test 4 Test 5 

Wood chips 
     

Net Calorific Value in dry matter, without 

water (NCVanh) (MJ/kg) 
19.21 19.33 19.42 19.12 19.34 

Net Calorific Value of the dry and ash-free 

basis, without ash and water (NCVdaf) (MJ/kg) 
18.72 19.04 18.83 1904 18.98 

Ash content (%) 0.11 0.24 0.37 0.10 0.38 

Reduction of NCV due to ash content (%) 2.55% 1.50% 3.04% 0.42% 1.86% 

Wood bark      

Net Calorific Value in dry matter, without 

water (NCVanh) (MJ/kg) 
19.75 19.86 19.62 19.15 19.31 

Net Calorific Value of the dry and ash-free 

basis, without ash and water (NCVdaf) (MJ/kg) 
18.51 18.31 18.60 18.13 17.89 

Ash content (%) 3.35 5.40 4.57 5.00 4.86 

Reduction of NCV due to ash content (%) 6.28% 7.80% 5.20% 5.33% 7.35% 

Wood sawdust      

Net Calorific Value in dry matter, without 

water (NCVanh) (MJ/kg) 
19.18 18.53 19.39 19.05 19.65 

Net Calorific Value of the dry and ash-free 

basis, without ash and water (NCVdaf) (MJ/kg) 
18.64 18.05 19.21 18.97 19.54 

Ash content (%) 0.29 0.14 0.15 0.06 0.09 

Reduction of NCV due to ash content (%) 2.82% 2.59% 0.93% 0.42% 0.56% 

 

 

The influence of moisture content on the net calorific 

value of biomass is shown in Figure 3. The final effect 

of moisture content on the energy content of biomass is 

shown in Figure 4. 

Fig. 3. Influence of moisture content on the net calorific value 

of biomass. 

Under normal operating conditions of the 

cogeneration plant, the ash content varies between (1-5) 

% and the moisture content between (10-60) %. 

Therefore, the net calorific value of biomass can vary 

between (0.4-7) % due to ash and (11-68) % due to 

moisture with an effect on the useful energy content of 

biomass ranging between (4-30) %. 

In a biomass cogeneration power plant, it is not only 

the theoretical value of the calorific power that matters, 

but the useful energy to be converted. In the practical 

operation of biomass cogeneration plants, the 

determination of the fuel energy is affected by the high 

variability of the biomass, the difficulties of sampling 

and the limitations of industrial measurement systems. 

As a result, the chemical energy of biomass cannot be 

quantified with high precision, and energy balances are 

based on average values and operational assumptions to 

reduce calculation errors. 

Fig. 4. Specific energy of biomass at moisture variation 

(MWh/tons). 
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4 Conclusions 

The determination of the energy content of solid 

biomass is affected by a series of uncertainties, mainly 

generated by the variability of moisture, the 

inhomogeneity of the material and the analysis methods 

used. Consequently, the values obtained must be 

interpreted with caution, and for energy applications it 

is necessary to correlate laboratory results with real 

operating conditions. 

Moisture variation is the factor with the greatest 

impact on the useful energy content of biomass. For 

moistures commonly encountered in exploitation, the 

specific energy of biomass can have considerable 

variations ranging between (4-30) %. This is because a 

significant part of the energy is consumed for the 

evaporation of water from solid biomass. 
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