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Abstract – This paper demonstrates a demand side 

management case study: how to save energy and how research 

and data analysis help to create an energy management system in 

a pellet production facility; and shows ways to implement the EU 

energy efficiency directive in production facilities. The study 

carried out in this research serves as a far-reaching step that can 

be taken to improve energy efficiency during the operation mode 

of technological equipment. The benchmarking methodology is 

used for analysis of results. 

Internal and external factors and indicators, which affect 

energy management potential in pellet production are analysed. 

Analysis of external factors is based on the state legal framework 

regulating the development of the energy sector. Methodology on 

the analysis of energy demand includes the internal energy 

management of an enterprise. The experimental results discussed 

in this paper show that particular steps, which are oriented to 

specific use of technological equipment, could play significant 

role in energy efficiency improvement in industry which is 

illustrated by the pre-milling process in the pellet production 

system using power. 

 

Keywords – Demand side management, pellet production, 

energy efficiency, energy savings. 

I. INTRODUCTION 

Production of wood pellets in the Baltic countries has been 

growing as new large- and small-scale facilities emerge. It is 

crucial that these industries are energy efficient and employ 

innovative approaches in saving resources. One of the 

corresponding measures is energy management. Energy 

management in pellet industries is important for a number of 

reasons:  
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Fig. 1. Demand side management scheme with internal and external factors. 
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 Efficient energy production and use is the most 

significant sector for development in EU countries; 

 The new international framework ISO 50001:2011 

has been developed for creating an energy 

management system. Its integration and 

implementation in enterprises could facilitate the shift 

to a low carbon society;  

 Energy management in an enterprise allows saving 

both energy and financial resources. 

 

Reduction of energy consumption in the pellet industries is 

possible at different levels: internal energy management of an 

enterprise – the measures implemented within the industry; 

and assessment of the effects of external factors – national 

economy sectors, the development of which affects the 

sustainability of pellet industries. Fig. 1 illustrates the 

corresponding internal and external factors.  

Analysis of energy demand is based on the internal energy 

management of an enterprise: 

 Through monitoring of the parameters of an 

enterprise’s activity; 

 Development, selection and implementation of 

energy management enhancing measures – according 

to the ISO 50001:2011 standard.  

 

One of the most significant steps in energy management is 

analysis of the results obtained after collection and processing 

of data on the current situation within an enterprise. Fig. 2 

shows an example of testing, which is an important part of any 

enterprise’s activities. 

Analysis of external factors is based on the state legal 

framework regulating development of the energy sector: 

 Development of the pellet market, which creates 

added value to the local resource – biomass, 

 Replacement of fossil fuel due to the economic and 

climate change aspects, 

 Use of renewable energy sources employing 

innovative technological solutions, 

 Development of transport logistics reducing the 

mileage of empty transport: for instance, the short-

term problems for pellet industries created by the 

Russian embargo [1], as ships carrying pellets to 

Latvia are coming half-empty. 

 Considering the economic situation in countries with 

well-developed forestry industry: for instance, raw 

material import from Russia to Latvia is more 

beneficial when the value of the Russian Rouble 

currency dropped. 

 

One of the most significant steps of energy management is 

analysis of the results obtained after collection and processing 

of data [2–5]. Fig. 2 shows an example of testing, which is an 

important part of an enterprise’s activities. The study shows 

how a pellet plant can benefit or lose when the production 

scheme is changed (pre-milling before standard milling 

process is introduced). The author of the paper has shown that 

the changed traditional production scheme has a positive 

effect on efficiency and profit [7]. Authors of [8−19] have 

analysed results of methodologies’ use to implement the 

industrial factories [8−11] and the industry demand side 

management (DSM) for energy use [12−19]. 

The results of DSM activities in pellet production allow to 

find technologies with highest energy intensity according to 

pellets high quality [20], [21]. The article will look at the 

possibilities to change the production scheme within the 

framework of the energy management system in order to 

reduce the consumption of electricity by the production 

facilities.  

II. METHODOLOGY 

A. Initial Operational Scheme of the Pellet Production Facility  

For the production of wood pellets, 4 main raw material 

flows can be distinguished: wood chips, sawdust, bark and 

branch chips, see Fig. 2. 

Humid sawdust, 40 % − 50 % of moisture content, is the 

basic material for production of wood pellets. Only clean 

sawdust can be used for production. Sawdust may not contain 

any impurities: it has to be dried, free of any sand, abrasive 

particles and chemical compounds. 

After additional pre-processing, cellulose fiber and 

technological wood chips can also be used to produce pellets. 

Pre-processing of wood chips takes place in a special cutting 

device, see Flacker in Fig. 2. The system of the cutter consists 

of a range of electrical machines like chippers, peelers, 

conveyors, ventilators, hydro devices and others.  

Another stream of raw materials is used as fuel in pellet 

production facility; these are branch chips and bark. They are 

combusted for production of flue gases and for energy 

production in the cogeneration plant (CHP) (see Flue gas 

generation and CHP in Fig. 2).  

The furnace system in the flue gas production consists of 

several electrical motors that power equipment for ensuring 

the operation of the furnace, i.e. heating, cooling, feeding of 

fuel, ventilators, valves and hydro machinery. Produced flue 

gases are fed to the drum dryer.  

Heat from the CHP is transferred to belt-type dryers (see 

produced heat flow in Fig. 2), where sawdust is dried until the 

required humidity level for production of wood pellets. The 

largest consumers of electricity for the belt dryer are the 

ventilators which suck heated air through sawdust. 

Dried sawdust material is dosed to a hammer mill where 

sawdust is crushed. During the milling process, dried sawdust 

is turned into small, less than 3.15 mm, particles and dust, and 

a uniform substance is obtained. The milling system consists 

of several electrical motors that power the equipment for 

ensuring the milling of sawdust, i.e. heating, cooling, a dosing 

device, ventilator, worm-type transporter, mill and hydro 

machinery. 

Next are the presses, there is a process during which the 

mix of sawdust is delivered into two pressing rolls and a 

rotating matrix. The process results in the production of hot 

pellets with a diameter of 8 mm. The granulating system 

consists of several electrical motors that power the equipment,  
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Fig. 2. Initial operational scheme of the pellet production facility [3]. 

i.e. conveyors, suction devices, coolers, worm-type transporters, 

a vibrant-screen, dosing devices, a mixer, a central lubricating 

system and presses. 

Granulation is followed by cooling and screening where 

pellets become hard and are clean from any dust. This final 

production process – pellets are ready for storage and 

transportation. 

B. Modified Operational Scheme of the Pellet Production Facility  

For dry sawdust milling, hammer mills are commonly used 

with two outcomes: production of pellets (P_Pellets) and 

generation of electrical power (P_EG) (see Fig. 2 and 4). The 

principle scheme of hammer mill used is shown in Fig. 3A. 

This mill operates by the following principle: firstly, sawdust 

is smashed by 4 mm – 8 mm plates or hammers rotating 

around their own axis, secondly, the smashed sawdust is 

squeezed through screens with 5 mm − 20 mm large openings.  

The modified operational scheme looks at an option when, 

in addition to the regular milling process, pre-milling is 

introduced. In the case of pre-milling, larger screens are 

placed in the first mill (shown schematically in Fig. 3B), 

leaving standard screens in the second mill, which are  

necessary to ensure the quality of the products accordingly 

to the LVS EN 16126:2012 [4]. 

By introducing the pre-milling process, the modified 

operational scheme is obtained (see Fig. 4). 

 

Fig. 3. Hammer mill principle scheme. 

C. Assessment of Proposed Modifications 

To evaluate the influence of proposed modifications various 

measurements were carried out at the company for both initial 

and modified operation scheme. These measurements included 

the amount of milled product, electrical energy consumed for 

pre-milling and milling processes and the amount of time 

needed for pre-milling and milling processes.  

In order to obtain comparable results, the measurements where 

stopped when the amount of milled produced reached 10.5 t. 

 

 

Fig. 4. Modified operational scheme of the pellet production facility with pre-milling. 
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In the first round of measurements the milling process of 

the initial operation scheme was evaluated. The hammer mill 

operated in the milling mode, two screens were placed in the 

mill with openings of one screen being 6 mm in diameter, and 

of the other screen − 7 mm in diameter (see Fig. 3A). In the 

milling mode the mill processed the material which was not 

previously used in the pre-milling process (see Fig. 4).  

In the second round of measurements the pre-milling 

process of the modified operational scheme was evaluated. 

The hammer mill operated in pre-milling mode, two screens 

were placed in the mill with openings of one screen being 10 

mm in diameter, and of the other screen – 20 mm in diameter 

(see Fig. 3B).  

In the third round of measurements the milling process of 

the modified operational scheme was evaluated. The hammer 

mill operated in milling mode, two screens were placed in the 

mill with openings of one screen being 6 mm in diameter, and 

of the other screen − 7 mm in diameter (see Fig. 3B). In the 

milling mode the mill processed the material obtained in the 

pre-milling process (see Fig. 4). 

After the measurements the data was processed to obtain 2 

indicators: specific time consumption, expressed as hours 

needed for production of 1 tonne of milled sawdust, and 

specific electricity consumption, expressed as kWh needed for 

production of 1 tonne of milled sawdust. 

III. RESULTS AND DISCUSSION 

The measurements for the initial operation schemes showed 

that 10.5 tonnes of milled sawdust were produced within 

42 minutes see Table I. The average electric power of the 

electric motor was 480 kW. These results will be used as 

benchmarks for the comparison with the modified operation 

scheme. 

The measurement for the modified operation scheme 

showed that the mills where not feed eventually, since the mill 

productivity was higher than expected. Therefore, for further 

data processing, the data points above the engine power of 

250 kW were considered (see Fig. 5 and 6).  

 

Fig. 5. Electric power in pre-milling mode for modified operation scheme. 

 

Fig. 6. Electric power in the milling mode (processing the material obtained in 

the pre-milling process) for modified operation scheme. 

It took less time to produce 10.5 t to milled sawdust when 

pre-milling and milling processes in the modified operation 

scheme are analysed separately. Nevertheless for the total 

modified operation scheme (pre-milling and milling summed 

up) the specific time consumption was higher than for the 

initial scheme, see Table I. 

In the modified operation conditions the total power of two 

mills (pre-milling and milling after pre-milling) is larger than 

the power of one mill in the initial operation scheme. At the 

same time the reduction of 29 % in specific electricity 

consumption was achieved by pre-milling introduction, see 

Table I. 

TABLE I  

RESULTS OF PROPOSED MODIFICATIONS AND THE COMPARISON OF INITIAL AND MODIFIED OPERATION SCHEME 

 
Test name 

Duration of the 

test*, h 

Average electricity 

power, kW 

Specific time 

consumption, h/t 

Specific electricity 

consumption, kWh/t 

Initial operation scheme Milling without pre-milling 0.70 480.00 0.067 32.00 

Modified operation scheme Milling with pre-milling 0.84 283.52 0.080 22.61 

       Pre-milling 0.64 281.88 0.061 17.18 

       Milling after pre-milling 0.20 285.16 0.019 5.43 

Difference between initial and modified operation scheme +20 % −41 % +19 % −29 % 

* In order to obtain comparable results, the measurements where stopped when the amount of milled produced reached 10.5 tonnes.  
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Increased specific time need but decreased specific 

electricity consumption can be explained by the fact that in the 

modified operation conditions mills where operating at lower 

and fluctuating power demand (see Fig. 5 and 6). In the 

modified operational schemes it can be argued that the 

different roughness hammer mills working in a row where 

able to perform the smashing of sawdust more effectively than 

the same roughness hammer mills in a parallel configuration 

(initial operation scheme).  

Fig. 7 gives visual comparison on the specific electricity 

consumption per tonne milled sawdust for each operational 

mode. The specific electricity consumption is reduced by 

9.39 kWh per tonne of product obtained in our case study. 

Efficiency indicators are shown in Fig. 8.  
 

 

Fig. 7. Specific electricity consumption by milling mode.  

 

Fig. 8. Electricity and time efficiency comparisons in operational mode with 

and without the pre-milling process.

Using the pre-milling process, the time needed to produce 

one tonne of production decreases by 0.006 hours per tonne, 

compared to the production process scheme when pre-milling 

is not used.  

If a production facility produces about 16 000 tonnes of 

products monthly, then on a monthly basis, time saving would 

account for approximately 95 hours, which can be used to 

carry out preventive maintenance of the production facility or 

for increasing production volumes. Production facility 

electricity savings per month would account for 150 000 kWh.  

IV. CONCLUSION 

This research paper demonstrates how research and data 

analysis help creating an energy management system in a 

pellet production facility, as well as help improving the energy 

efficiency of production facilities.  The study carried out 

serves as a far-reaching step that can be taken to improve 

energy efficiency during operation mode of technological 

equipment. The previous related publications focused on 

optimisation of power consumption, optimisation of thermal 

load, and optimisation of energy costs. This work, in turn, 

shows an opportunity how to increase the efficiency of 

production facilities by introducing new equipment. This 

paper may be taken as an example to be used in the energy 

management of a production facility. The benchmarking 

methodology is used for analysis of results. 

The experiments discussed in this paper show that, upon 

introduction of the pre-milling process in the pellet production 

system using the same electrical power, the electric efficiency 

does not improve, because after pre-milling, the production 

rate in the mill is approximately three times greater than if the 

same mill is used for pre-milling. Examining the pre-milling 

and milling process jointly, when the material obtained in pre-

milling is re-ground, it can be concluded that electricity 

efficiency pre one tonne in this mode is higher than in cases 

when pre-milling is not used. In the case analysed in this 

article, the saving accounts for 9.39 kWh/t. 

It is possible to speed up the production cycle by 

introducing pre-milling in the production scheme due to the 

large openings of the screens, less time needs to be consumed 

in pre-milling to mill the same amount of raw material. After 

pre-milling, the time in the mill compared to production 

without pre-milling decreases three times.     

The pellet production facility operation can be improved by 

the pre-milling process. Examining the option when we want 

to improve an existing production facility, it is necessary to 

evaluate the existing facility abilities and the option to raise 

production capacity.  

The least effect on the operation of an existing facility 

would be in case another mill were to be installed after the 

already existing mill, and thus the existing mill would be used 

for the pre-milling function.  The new mill should be chosen 

with an approximately three times lower productivity rate than 

of those used in pre-milling, because the tests carried out 

showed that productivity of the mill increased three times if it 

is fed with pre-milled material. In order to ensure a more even 

power consumption, it is necessary to create funnels above the 

two mills to accumulate the material for a short period of time.  

By introducing pre-milling in the production process, it 

should be taken into account that there will be a new equipment 

introduced that will need to be maintained on a regular basis 

and which may have unexpected downtime. It should be also 

noted that upon installing a pre-milling mill, the air flows will 

change. Therefore the air extraction system will need to be 

modified, which also requires an additional investment. 
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