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PREFACE 
It is our great pleasure to welcome all of you to the 5th International Conference on 
Environment and Renewable Energy (ICERE 2019) which was held in 25-28th February, 
2019, Ho Chi Minh City, Vietnam. ICERE 2019 is dedicated to issues related to 
Environment and Renewable Energy.  
ICERE 2019 is supported by Industrial University of Ho Chi Minh City, Ho Chi Minh City, 
Vietnam. This conference is highlighted by several professional speakers. Assoc. 
Prof.  DAM SAO MAI who is the Dean of the Biotechnology and Food Technology 
Institute, Ho Chi Minh city, Vietnam; Prof. Hee-Je Kim from Pusan National University, 
South Korea; Prof. Tseung-Yuen Tseng form National Chiao Tung University, Taiwan; 
Prof. Dr. Georg Bastian from Rhein-Waal University of Applied Sciences, Germany had 
attended the conference as keynote speakers. We also have four invited speakers. 
They are Assoc. Prof. Dr. Le Hung Anh, Dr. Thanh-Ba Nguyen, Dr. Gia-Buu Tran, Dr. 
Ngoc-Nam Trinh. All of them are form Industrial University of Ho-Chi-Minh City, 
Vietnam.  
There were seven sub-sessions and one poster session with different topics: 
Renewable Energy and Energy Engineering, Food Science and Engineering, Resource 
Science and Engineering, Environmental and Chemical Engineering, Photovoltaic 
System and Power System Management, Building and Energy, Building and Energy.   
It was a golden opportunity for students, researchers and engineers to interact with 
the experts and specialists to get their advice or consultation on technical matters, 
dissemination and marketing strategies. 
On the third day of the conference, we had half day academic visit in Industrial 
University of Ho Chi Minh City, visiting their laboratories, exchanging ideas with local 
professional staffs and half day city tour to enjoy the view of Ho Chi Minh City.  
This proceeding presents a selection from papers submitted to the conference from 
universities, research institutes and industries. All papers were subjected to 
peer-review by conference committee members and international reviewers. The 
papers were selected based on high quality and relevancy to the conference scope. 
The volume is presenting recent advances in the field of Environment and Renewable 
Energy and various related areas, such as Energy-saving Technology, Energy Materials, 
Environmental Protection, Nuclear Energy Engineering, Power Machinery and 
Engineering.  
We would also express our sincere gratitude to organizing committee and the 
volunteers who had dedicated their time and efforts in planning, promoting, organizing 
and helping the conference.  
 
 
 
Prof. Dr. Georg Bastian 
Rhein-Waal University of Applied Sciences, Germany 
2019-05-22 
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Abstract. Short rotation coppices (SRC) can produce large amount of dendromass in a short 

time. From an energetic point of view, one of the most important challenges are the 

outstanding amount of ash content, which is primarily generated due to the high bark content 

of the thin shoots. Our research was carried out for measuring bark content of four 

species/clones performed in three different vegetation years. The experimental plantation is 

located in the northwestern part of Hungary. The results show that the bark content strongly 

depends on the applied harvest frequency and tree species. Based on the measurements, the 

Robinia pseudoacacia and the Salix alba species have the largest bark content in the first year 

but the value can be reduced by around 50% by using longer harvest rotation. Having analyzed 

the whole stem, the bark percentage of the Populus x euramericana clones increased from 5.5% 

to 33.7% from the cutting height to the tip. The minimum value was at the diameter class of 

24-28 mm. In the case of Robinia pseudoacacia the bark content ranges only between 3.0% and 

20.0%. 

1. Introduction 

The EU targets for renewable energy have been increasingly strengthened. The 2009/28 EC 

(Renewable Energy Directive) requires to fulfill at least 20% of the total energy needs with 

renewables by 2020. As part of its Clean Energy for All Europeans package, the European 

Commission proposed an update of the Renewable Energy Directive for the period 2021-2030 in 2016. 

The final version of RED II raises the overall EU target for renewable energy sources (RES) by 2030 

to 32%. Biomass has an important role in achieving the goals. 

Forest residues as free biomass potential have become increasingly important in energy production; 

however, collecting them is a serious cost factor. Agricultural by-products, such as straw, can be part 

of the animal feed mix and therefore can be indirectly linked to the food chain [1]. Furthermore, the 

organic carbon content of the soil is adversely affected by the large extraction of straw from the 

agricultural area [2]. The growing need of lignocellulose feedstock based energy production can only 

be met with cultivated woody plants, together with the limited collectable and useable by-products [3]. 

The growth of SRC has a positive impact on soil ecology, which can be detected in eroded places 

within 3-5 years [4-5]. Compared to the conventional agricultural crop production, the growth of 

woody plantation results in increasing the amount of organic matter into the soil, which improves the 

nutrient uptake and removes the carbon from the atmosphere. Furthermore, SRC can achieve a 
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satisfactory yield in low quality agricultural areas after choosing applicable tree species and careful 

soil preparation [6]. 

From an energetic point of view, four properties of the woody biomass are decisive during the 

utilization: the density, the calorific value, the moisture content and the amount of ash and its 

components [7]. The average ash content is less than 1% for debarked wood, 1.5-3.5% for the wood in 

bark, and 2.0-4.0% for wood branches (forest residues) [8]. In the case of poplar SRC, the ash content 

is higher, the value varies from 0.9% to 3.2% [10], while for bark can reach to 14% [9]. The ash 

content is primarily determined by bark content whose value on the whole steam ranges between 10-

27% [11-12]. The high ash content can cause problems on the wall of the combustion furnace, while 

the increased ash content results in a larger amount of particle emissions and firing by-products. 

Therefore, it is an important task to reduce the ash content by selecting and pretreating of the base 

material as well as by applying farming technology [13].  

The K and Si content of the produced ash is lower, while the Ca and Mg content is higher during 

utilization of woody plantation than herbaceous materials [10]. It is the main reason why it is more 

favorable to fire dendromass from SRC, as opposed to agricultural by-products. The lignin content of 

bark is higher than debarked wood, which results in higher calorific value [14]. At the same time, the 

moisture content of the bark is about 20-25% more than in the case of the debarked wood, so it does 

not give an advantage from an energetic point of view under real conditions [15]. 

SRC can also play a role in the production of liquefied biofuels, according to the latest technologies. 

In particular, it is projected that the diesel engine will be expected to remain on the road for a long 

time [16]. However, the high bark content of SRC reduces the bio-oil yield and increases the 

instability of the product due to the substantial alkaline and alkaline earth content [17]. Mészáros et al. 

(2004) analyzed young shoots (poplar, willow, robinia) from SRC with thermogravimetric/mass 

spectrometry method and compared the thermal decomposition characteristics of wood and bark [18]. 

Based on their measures, the mineral content of the bark is significantly higher than the wood. The 

thermal conductivity of wood and the bark was still significantly different after using the washing 

process as pretreatment but their macromolecular components decomposed at similar temperatures. 

Frankó et al. (2015) investigated the effect of bark on the ethanol production and found that it affects 

the bioconversion process due to the less enzymatic hydrolysis capability, which can be improved by 

pretreatment [19]. 

2. Materials and methods 

2.1 Description of the experimental site and plant material 

The measurements were completed in December 2013 on the Bajti Experimental Plantation of the 

Forest Research Institute (NAIK ERTI) in Hungary. The plantation was installed in April 2007. The 

planting scheme is a simple row design with 0.40 m plant spacing and 3.00 m row spacing. One parcel 

contains 65 rows with different clones in each row. The plantation was completed in three repetitions 

and cultivated with a coppicing technology. 

During the winter of 2007/2008, the area suffered wild game damage; thus, at the beginning of the 

year 2008, the second and third repetitions were cut before the planned time. From here onward, 

another parcel will be harvested each year with a three-year cutting-cycle. The advantage of the 

plantation is that several species and clones are present in the area in the first, second, and third 

vegetation year under the same soil and climatic conditions; see Figure 1. This experiment gives us an 

excellent opportunity to compare the energetic characteristics of different species and clones. 

The test area is a claylay loam forest soil in hornbeam-oak climate in medium deep topsoil, which is 

independent from extra water. Nutrient replenishment during the cultivation or watering after planting 

is not used.  
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Figure 1. The plants in the experimental plantation in the first, second and third vegetation year. 

 

For the investigation, we have selected the species/clones with the highest yield in the area. The other 

aspect was the examination of the most widely used clones in Hungary. 

 

The analysed species/clones are the following: 

- Populus x euramericana ’Koltay’ 

- Populus x euramericana ’I-214’ 

- Salix alba ’Drávamenti’ 

- Robinia pseudoacacia 

 

2.2 Measurements 

The sampling was carried out in December 2013 when the time of actual harvesting was due because 

the moisture content of the stems is the lowest in this period. It gets us a realistic state for the ratio of 

bark and wood. From each of the four tree species/clones, an average-sized stems were cut at the age 

of three. Every 50 centimeter from the shoot with approx. 1 cm wide section was sampled, see figure 2 

 

Figure 2. Samples (Populus x eur. ’Koltay’; Populus x eur. ’I-214’; Salix alba ’Drávamenti’; Robinia 

pseudoa.). 

 

Afterwards, the bark was removed from the wood by using a peeler knife and the absolute dry matter 

was weighed separately. The bark percentage for the different diameters can be obtained by using the 

equation below 

       
  

   
     [%]  (1) 

where 

bark w% - bark percentage for dry matter 

wb -weight of bark for dry matter 

wbw - weight of wood in bark for dry matter 

 
The data was classified according to the diameter. The resulting values were applied to the shoots 

harvested in the summer of 2013 at three different vegetation years. This method resulted in a high 

number of elements. In all cases, we summed the weight of the bark and debarked wood, from the 

cutting height to the tip. It was followed by the calculation of the bark percentage for the whole shoots, 

then for the whole plant and for one hectare. 

5
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3. Result and discussion 

3.1. Bark percentage in the first, second and third vegetation year 

Based on the measurements, we determined the bark percentage for the four species/clones in different 

vegetation years. The highest bark percentage was typically obtained in the first vegetation year when 

the diameter of the stems is still small. Their average value ranged from 12 to 18%. In later years the 

bark percentage depended on the specific growth rate of species/clones. The difference of the bark 

percentage in the 2nd and 3rd vegetation year is only significant in the case of Salix thanks to the 

intensive shoot growth in the third vegetation year, see figure 3.  

 

 

Figure 3. Shoot weight distribution of the four species/clones in three vegetation years. 

 

Robinia had the smallest bark percentage, slightly more than 6%, while Populus clones have about 

twice as much. Fig. 4 demonstrates the values for the different vegetation years, which refer to the 

absolute dry weight. 

 

 

Figure 4. Average bark percentage of investigated species/clones in different vegetation years. 

0 2 4 6 8 10 12 14 16 18 20

Robinia pseudoacacia

Salix alba 'Drávamenti'

Populus x euram. ’I-214’ 

Populus x euram. ’Koltay’ 

Bark ratio [w%] 

3 y 2 y 1 y
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3.2. Bark percentage for different diameter classes 

A relationship between diameter and bark content was established and the values were classified. The 

bark content mostly changed in the case of poplar clones from nearly 5% to 33% from the cutting 

height to the tip. In the case of willow and black locust the value was lower, it ranged between 3-20%. 

Generally, the bark percentage decreased rapidly in the small diametric classes up to 25 mm, then we 

observed a slight increase, see figure 5. 

 

 

Figure 5. Average bark percentage in the different diameter classes. 

 

4. Conclusion 

 

The short rotation coppices can play an important role to meet the growing energy demand in the 

future. The dendromass can be widely utilized in applications like district heating, power generation, 

alone or in combination with other fossil fuels or biofuel production as well. Usability of the woody 

biomass is largely influenced by the ash content, which is primarily determined by the amount of the 

bark. The results of the experiment provide an estimate for the bark percentage facilitating the 

selection of the suitable energy production technology. The bark percentage was given for different 

diameter classes, and its change of the total bark content within the whole stem. The experiment 

provides an opportunity for further estimates of bark content by measuring the diameter of the stems in 

the case of the same species/clones. Furthermore, it can be concluded that the bark percentage of 

Robinia psudoacacia and Salix alba can be reduced by around 50% by selecting the appropriate 

harvest rotation. 
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Abstract. Nowadays, the black locust (Robinia pseudoacacia) is the most current and the most 

widely used tree species in Hungary. Due to its penetration and the wide variety of application 

it’s worth to examine, what kind of assortment their with different origins, and in different 

environmental conditions growing stands offer. In our current article we compare the coppice 

black locust stands’ assortment composition in different production areas (on humus sand and 

“kovárvány” brown forest soil). In addition, we present the assortment composition of the 

curiosity, the also coppice „szacsvay” black locust stand, which we compare to the everyday-

produced seedling black locust and the coppice black locust. We provided our research in the 

area of Nyírerdő Forestry Co. Ltd. During the research we used the final harvest data for the 

2010-2016 period. According to the tests it can be said, that the coppice black locust stands, 

that can be found on the humic sand and on the “kovárvány” brown forest soil, show a 

significant difference in the choice of distribution. 

1. Introduction 

The black locust (Robinia pseudoacacia) is in Hungary the most current and the most widely used tree 

species in Hungary, especially in the Great Hungarian Plain. More than 24% of all forest area is 

covered by black locust, this means 451 771,95 hectares and 50 829 689,00 m3 tree [8]. The most 

prominent black locust-producing districts are the Nyírség, Cserhát, hills of Gödöllő, the Bács-Kiskun, 

Somogy, Vas, Zala county, and the sandy area of the Little Hungarian Plain. Among them, the Nyírség, 

Bács-Kiskun county  and the Northern Part of Somogy have high quality stands. 

Its rapid spread in Hungary is due to its good adaptation ability, its frequent and abundant seed 

production, its excellent seedling ability, its rapid growth, and its relatively large tree production [1]. 

The change in the black locust area from the first stock data to the present day is shown in Table 1 [2]. 

As the result of the climate change the annual average temperature increases and along with this the 

forest climate zones are also „migrating”. Generally speaking, the area ratio of beech forest climate 

decreases and along with this the area of the forest steppe climate grows. This will lead to a change in 

the tree species composition, that will reduce the area ratio of beech (Fagus sylvatica) and the black 

locust can be emphasised, and the groups of poplar. 

Thanks to the deep roots of the black locust, it can live on the sandy, salty areas, ties the loose running 

sand, and it can be used for the afforestation of the bad quality sandy areas [3] [4]. Its wood has a wide 

variety of recovery options [5] [6]. 
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Table 1. The penetration of black locust from 1885 to the present day 

Year Area (thousand hectares) Ratio of area (%) 

1885 24,2 2,1 

1911 109,3 9,7 

1923 110,6 10,1 

1963 154,2 10,8 

1992 268,0 18,3 

2004 394,9 22,6 

2015 451,8 24,2 

 

Its penetration and its multiple utilization justify the providing of that kind of researches, which 

demonstrate the differences of the assortment composition between the black locust stands of different 

production areas. 

2. Material and methods 

We provided our researches in the area of the Nyírerdő Forestry Co. Ltd. During the research we 

analyzed the final harvests of the period between 2010-2016 [7]. The essential criterion during the 

selecting of the parcels was to have the chosen stands on soils with the same potential habitat. 

The black locust occurs in the Nyírség mainly on two genetic soil types, namely on humic sand and on 

“kovárvány” brown forest soil. 

We summarized the datas in case of these two types of soil separately and we projected them to 1 ha, 

so the resulting m3/ha datas were the basis for the comparative analysis. 

3. Results and discussions 

3.1. Assortment composition of coppice stands 

The area is characterized by the sessile oak, and the turkey climate. The average annual rainfall is 

approximately 600 mm/year. In general, it can be said that late frosts are common. Basically, we have 

to separate two main genetic soil types, these are the humic sand soils, and the „kovárvány” brown 

forest soil. Their hydrolysis is independent of additional water impact, the thickness of the topsoil is 

medium-deep, and the physical soil type is sand. 

In our current article, we compare the coppice black locust stands of different production areas (on 

humic sand and on „kovárvány” brown forest soil) to each other (Figure 1). 

The difference in the choice of distribution of the two different production area’s coppice black locust 

stands is significant. On all cubic meters „kovárvány”brown forest soil there’s 105 m3/ha of them, on 

humic sand there’s 97 m3/ha of them, so both of them has really weak tree yielding, that’s why this 

comparison is authentic. But this 8 m3/ha in case of the 2nd class slawlogs must be acknowledged in 

„kovárvány”brown forest soil stands’ favour. Because on „kovárvány” brown forest soil the trees’ 

thickness increase is bigger than on the humic sand. Thank to the bigger thickness increase the ratio of 

the 2nd class slawlogs is bigger on the „kovárvány”brown forest soil, whereas the ratio of the wood 

pile selection with smaller medium-diameter is bigger. 

The total value of humic sand stock (calculated at 2016 prices) is 2.09 million HUF/ha, while the total 

amount of stocks on the “kovárvány” brown forest soil is 2.20 million HUF/ha. 

We would also like to remark that in the examined forest parts, on „kovárvány”brown forest soil there 

is much more black locust with rotten root, than on humic sand, for this reason we haven’t found an 

explanation yet. 
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Figure 1. Origin of sprouted black locust population assortment on humic sand soil and on 

„kovárvány”brown forest soil (m3/ha) 

 

3.2. The „Szacsvay” black locust assortment composition 

The Nyírerdő Forestry Co. Ltd has one of the best black locust areas, both in quality and also in 

volume per plot. Perhaps these areas and forests mean the standard for blak locust cultivation. In 2013, 

the last forest block (Nyíracsád 60/l) was harvested from the well-known „szacsvay” black locust. 

This black locust tends to be called szacsvay black locust after being accepted as an independent black 

locust species. 

Its extraoridanry facilities can’t be only found in genetics but also in its unique climatic conditions and 

in the condition of its producing area. The area has a humid climate with an annual average of 650 mm 

precipitation. The production area is a „kovárvány”brown forest soil, which has a really high humus 

content, on the other hand there’s about 2 to 3 meters from the surface of the ground there’s a 

watertight layer that prevents water from leaking, so it’s always within reach for the roots. 

The speciality of this black locust is, that it combines the good qualities of the shipmast locust and the 

commercial black locust, so it produces an excellent height growth as the shipmast locust and an 

excellent thickness growth as the commercial black locust. We have to mention, that this tree stand 

was cut up at the age of 71, which means two cutting rotations in case of the commercial black locust. 

The reason for leaving it for so long, is that produced an excellent heigth growth. In 1982 it was 

declared as seedling stand. 

Another speciality of this forest is, that this is coppice. 

It’s worth looking at the stock features how they’re changing over the years. This is shown in Table 2. 

Its choice of distribution was also remarkable as shown in Table 3. 
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Table 2. The population details of Nyíracsád 60/I 

stand’s features unit of 

measure 

1958 1972 1982 1992 2001 2013 

age year 16 30 40 50 60 71 

height m 15,8 22 24 28 32 32 

diameter cm 14 22 34 36 42 43 

yield class  I. I. I. I. I. I. 

canopy closure % 80 90 70 80 70 65 

density % 90 100 87 88 85 87 

wood stock on 1 ha m
3
 134 297 292 370 440 447 

mean annual increment m
3
/ha 8,4 18 19 22 26 28 

current growth m
3
/ha 8,6 11 11 8 12,2 12 

 

 

   Table 3. Assortment composition of Nyíracsád 60/I 

Assortments m3/ha           % 

black locust in pole bark 0,241 0,07 

black locust pilewood barked 2,353 0,69 

black locust sawmilling industry log I. 66,024 19,40 

black locust sawmilling industry log II. 18,088 5,31 

black locust sawmilling industry log 39,700 11,66 

black locust’s cutting 42,459 12,47 

black locust in vine stake raw material bark 3,047 0,90 

black locust vine pole barked 1,245 0,37 

black locust thick firewood 167,235 49,13 

total 340,392 100,00 

 

From the choice of distribution it can be seen, that the class I. black locust sawlogs are about 20%, 

which is extremely high. All sawlogs are almost 37%. If we look at the complete set of the 

subcompartment, you can see that from the long thin assortments (pole, pilewood) there was only a 

small amount of them in the forest, only a few m3, less than 1% of the assortments. Compared to other 

coppice subcompartments, we can experience a big difference among them, because these coppice 

forests produce mainly these two assortments from the industrial assortments. In this case this can be 

attributed to the age of the stand, because at the age of 71 the black locust is quite dry and from the 

upper, thinner part of the trees not the above mentioned assortments but firewood can be assorted. 

We’ve chosen an average number of seedling- and coppice stands, and we compared it to the szacsvay 

black locust’s assortment composition (Figure 2). 
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Figure 2. Assortment composition of he three selected forest section 

 

For the sake of authenticity, we removed the black locust thin firewood assortment (twig) from these 

two chosen subcompartments’ assortment composition, because it’s not included in the szacsvay black 

locust’s assortment composition, on the other hand, we used a percentage comparison, because in case 

of this big timber volume it makes no sense to compare the cubic  meters. It’s interesting to monitor 

these distributions, because the szacsvay black locust subcompartment (Nyíracsád 60/I) is a coppice, 

but if we compare it to the Nyíregyháza-Oros 301/F subcompartment’s assortment composition, which 

is also a coppice, but it was a black locust stand on humic sand, we can’t recognize the assortment 

composition of the previous offshoots, because here is the absolute lack of the thin industrial wood 

assortments. If we compare the szacsvay black locust to the Nyírtura 2/H subcompartment, which is 

seedling and can be found on „kovárvány”brown forest soil, then we can see better matching 

distributions, but it shows up here too how much better the szacsvay black locust is. 

4. Conclusion 

The topic of our article was to compare the assortment composition of the coppice black locust stands 

in case of different production areas. There’s a significant difference in the assortment composition of 

the black locust stands in the examined two production areas. 
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The reason for this is that because of the higher nutrient source on the “kovárvány” brown forest soil 

the thickness increase of the trees is greater than on the humous sand. Thanks to the greater thickness 

increase the ratio of the II. sawlog is greater on the „kovárvány” brown forest soil, whereas on humous 

sand the ratio of the pilewood selection with smaller diameter  is greater. We got the above mentioned 

result in case of the simple coppiced stands, in case of multiple coppicing there’s a high degree of 

deterioration, as a result of which the assortment composition worsens. 
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Abstract. In order to change the status quo within the substation bay control devices which 

only passive receiving  IRIG-B GPS clock code or PPS , for the purpose of the research and the 

realization method of substation clock unsynchrony alarm system based on GPS pulse. On the 

basis of existing substation SCADA system and GPS time synchronization system, this paper 

realizes the real-time monitoring of time synchronization of substation bay control devices by 

simple modification and introduction of simple algorithm. This paper describes in detail the 

system construction method and relative time difference algorithm, as well as the project 

implementation method, to achieve the correct and punctual on-line monitoring of the bay 

control device, effective control of substation accidents caused by device time unsynchrony, 

greatly improving the stability of substation operation. 

1. Introduction 

In recent years, with the rapid development of the national power system, the requirement of time 

synchronization is becoming more and more urgent. Accurate, safe and reliable time source is needed 

to provide accurate time datum for all kinds of power system operation equipment. Especially with the 

advance of intelligent substation construction, kinds of intelligent electronic equipments are more 

dependent on time synchronization. Improving the accuracy and stability of time synchronization is 

the key factor to improve the accuracy of dynamic monitoring parameter calibration of power grid. It 

is also the basis of improving accident analysis and stability control of power grid and the key 

requirement to improve the efficiency and reliability of power grid operation. 

As the scale of the power system continues to expand, the number of power equipment and the types 

of subsystems have greatly increased. However, the current equipment and subsystems are still in the 

open-loop state, and can not be integrated management of each equipment and system. After the fault 

occurs, the wrong timing will result in misjudgment of the fault, improper handling of the accident, or 

even equipment crash, making the scope of the fault to expand. 

With the continuous development of substations, the requirement of time synchronization accuracy of 

substation devices is increasing day by day. China Power Grid Corporation began to require the 

formation of a closed-loop system to monitor the time synchronization of substations. 

2. Basic principles of system design 

2.1. Principle of system implementation 

On the basis of the existing substation time synchronization system and substation monitoring system 

network architecture, Using the empty node timing signal from the GPS timing hardware module of 

the substation, the DI signal as a "timing verification signal" is connected to each bay control device 
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by cable. When the GPS time synchronizer generates a pulse signal, the signal will be converted into a 

“time synchronization” DI signal of the bay control device,  Using the existing SCADA system to 

collect the SOE of the “time synchronization” DI  which issued from all the bay control units, Through 

the lateral comparison calculation of time scales of each SOE, the device with abnormal time 

synchronization is screened, and the alarm signal of "lost time" of the corresponding device is sent out. 

2.2.  GPS clock synchronization principle  

GPS(Global Positioning System),the global positioning system, uses the GPS device as the standard 

time clock to calibrate time. The system has the characteristics of high practicability and high accuracy. 

Using GPS technology to achieve accurate timing within or even between stations, the accuracy of the 

time reached microsecond requirements, has become the best timing scheme. 

The commonly used GPS clock time output of substations can be divided into software timing and 

hardware timing. 

Software time synchronization: SNTP(Simple Network Time Protocol),it is compatible with NTP 

network time protocol, and is widely used in LAN and even Internet. By using SNTP protocol, the 

device time can be synchronized with the time server, avoiding the maintenance operation of 

frequently adjusting the time, and ensuring the accuracy of various event records, which is conducive 

to accident analysis. 

Hardware time synchronization: GPS,IRIG-B 

GPS: The signal can be an empty node signal or differential signal, the empty node signal is a switch 

on and off, the differential signal is a high-low level signal. 

IRIG-B: The GPS source compresses its time into an IRIG time-coded output per second. The device 

receives and parses the time-coded output at a fixed frequency for timing calibration. The IRIG-B 

calibration can parse the exact year/month/day/hour/minute/second/millisecond information from the 

input signal. 

In this paper, the GPS pulse signal and IRIG-B t are used to construct an on-line monitoring ring 

network. The GPS pulse signal is connected to the DI of each bay control device, and is converted into 

a SOE signal to construct a substation clock unsynchrony alarm system. 

When the GPS pulse signal is generated, the GPS device outputs the rising edge of the signal, and the  

“time synchronization” DI  signal is shifted from 0 to 1. The rising edge holding time is 115ms, as 

shown in Figure 1. 

 t

1S

 t = 115ms

GPS Pulse signal

 
Figure 1. GPS pulse signal output 

In this system, DI debounce time should be less than 115ms, to avoid the signal being discarded as 

invalid signals Monitor System. 

The system frame of substation clock unsynchrony alarm system based on GPS pulse is based on the 

existing integrated automation monitoring and communication network and the network structure. It 

adds a server of substation clock unsynchrony alarm system based on GPS pulse  and a set of GPS 

hardware timing module. As shown in Figure 2, all the bay control devices in the station are mounted 

on Ethernet and transmit data over ethernet and synchronization time by the IRIG-B signal that issued 

by GPS device. 
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Figure 2. System frame diagram 

 

2.3. Connection mode 

First step,connect all IRIG-B signal from GPS device to every bay control device by IRIG-B signal 

cable ,and ensure that all devices are correctly timed. Second step , connect the GPS pulse signal to the 

bay control device by the GPS time synchronization cable and convert the GPS pulse signal to SOE . 

Third step, transmit the SOE signal to the server of substation clock unsynchrony alarm system based 

on GPS pulse by Ethernet cable, forming a time monitoring closed loop ,as shown in Figure 3. 

 

 
Figure 3. Connection mode 

3. Relative time difference algorithm 

According to the above principles we can see that each emitting of a GPS pulse signal can make a 

SOE to each bay control device in the same time. In general, the timing accuracy of GPS timing 

system: Pulse Code: 0.1 S, IRIG-B: 10 mu S, NTP/SNTP:1-10ms for 1ms resolution SOE the error 

can be ignored. Therefore, Difference value △t that between the SOE time td of the bay control device 

and the time ts when the server of substation clock unsynchrony alarm system based on GPS pulse 

receive the SOE can be calculated. 

△t = td - ts    

Theoretically, if all the bay control devices are punctual and the GPS pulse signals are normal than 

every SOE time td will be the same, not considering errors,ts will also be the same,so every △t 

produced is equal, They are distributed in a reasonable range of SOE time precision range. If one △t 
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goes beyond a reasonable range, it can be deduced that the bay control device has lost time, the system 

should issue an alarm signal and point out the fault device,as shown in Figure 4. 

 

 

Figure 4. Schematic diagram of reasonable range of 

 time difference distribution 

 

In order to calculate the reasonable interval range of △t distribution, We randomly selected 10 from all 

the time differences △t and mark them as t1,t2,t3,……,t8,t9,t10 According to the order from small to 

large. 

3.1. Search the most concentrated interval of the 10 times 

M represents the function of finding the number of elements in the set S,as shown formula (1),(2). 

Si={ti,ti+1,……,tn},   tn< ti+1, tn+1>= ti+1,n<=10                                       (1) 

Xi=M(Si),J=max(M(S1), M(S2), M(Si), ……, M(S8), M(S9), M(S10)                  (2) 

 

That is, [tj tj+1] is the ten most concentrated interval. The exact time is set in this interval. 

3.2. Find the best estimate time for ten moments 

Because in most cases, random variables obey normal distribution, in the absence of more prior 

knowledge, it may be considered that the observations of the ten most concentrated time interval 

elements,and tj,tj+1,……,tn is the observed value of a random variable obeying normal distribution. 

According to the maximum likelihood estimation method for the mean of a random variable with 

normal distribution, the exact time estimate is shown in formula (3). 

(tj+tj+1+……+ tn) / (n-j+1)                                                                (3) 

4. System function realization 

4.1. System function realization flow 

The following steps are required to implement the functions of substation clock unsynchrony alarm 

system based on GPS pulse:Step one: GPS pulse signal emit.Step two, Substation bay control device 

acquisition signal,Step three,GPS pulse signal convert to SOE by control device.Step four,the server of 

substation clock unsynchrony alarm system based on GPS pulse receives SOE,Step five, computing 

module Computing relative time difference bandwidth.Step six, alarm module triggering time is not 

synchronized alarm,.The flow-process diagram is as shown in Figure 5. 
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Figure 5. Simulation flow chart of Time lost alarm 

 

4.2. Project implementation 

The relative time difference algorithm in this paper is based on the transverse comparison of seconds 

pulse SOE signals transmitted by multiple devices in real time. Therefore, the number of secondary 

protection and control devices in the station must reach a certain number, so the algorithm can be more 

accurate. In general, to adopt the relative time difference algorithm in this paper, the number of bay 

control devices in substations should not be less than 10. Usually, in the integrated substation 

automation monitoring system, SOE signal is the highest priority signal, once generated, the alarm 

will be issued for the first time. The GPS pulse SOE signal in this paper is only used to get the time 

scale, not the alarm signal. Therefore, when the system program is processing, the second pulse SOE 

signal alarm is not recorded in the history database, only the lost time signal alarm, recorded in the 

history database. 

In the actual operation, can only strip out the relative time difference comparison algorithm module 

from this system, embedded in the existing substation monitoring system and forming a closed loop. 

In this way, the substation can realize real-time monitoring of device time without adding any new 

servers. 

5. Summary 

The substation clock unsynchrony alarm system based on GPS pulse is transformed into remote SOE 

in the simplest way. The system can be built on the existing SCADA system framework of substation. 

It is easy to implement in both new substation and old substation. It has certain promotional value. 
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Abstract. In this paper, Common-mode voltage (CMV) is responsible for overvoltage stress to 

the winding insulation and bearing damage of an AC motor. High dv/dt of CMV causes 

leakage currents, which create noise problems to the equipment installed near the converter. 

This paper presented modulation strategy to eliminate CMV three level T-Type inverter (Zero 

CMV 3L T2I) that substantially eliminates CMV. The principles of selecting suitable triangle 

carrier signals for the T-Type is described. This PWM control method can mitigate the peak 

value to 95% as compared to the conventional sinusoidal pulse width modulation method. A 

prototype is constructed to verify the operating principle of the three-level T-Type inverter. 

Simulation and experimental results are presented. 

1. Introduction 

Common-mode voltage (CMV) widely exists in typical power inverters. It will stimulate the 

distributed and parasitic capacitances in the system and thus results in common-mode 

current. In inverter-driven induction motor systems, the common-mode current will produce shaft 

voltages and bearing currents [1]. The overload bearing current would speed up the aging of the motor 

bearing and shorten the service life of the motor [2]-[3]. Additionally, the CMV can also cause 

electromagnetic interference (EMI) [4]. Therefore, it is necessary to reduce or eliminate the CMV in 

inverters. 

CMV attributed to high-speed pulse-width modulation (PWM) in power converters introduces 

numerous problems within an electrical system. CMV is the main source of early motor-winding 

failure, bearing deterioration, and wide-band electromagnetic interference. Eliminating the CMV 

within the power converter is important. Two main solutions used to eliminate CMV have been 

presented in previous research. One solution is based on the use of additional hardware or software 

approaches. Using of additional hardware, such as passive filters, active cancellers, or electromagnetic 

interference filters, to mitigate CMV [5] and installing additional passive or active devices[6]. The 

software one is realized by developing proper modulation strategies with reduced CMV [7]. Generally, 

the latter is preferable as it will not increase the cost, weight and size of the inverters. In partial PWM 

methods to eliminate common mode voltage, the output voltage can be obtained normally by a 

conventional Discontinuous PWM technique (DPWM) [8]. In order to attain reduced common mode 

voltage at a high modulation index, a new DPWM pattern from three non-nearest vectors was 

proposed [9]. 
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The PWM control method is simple to implement and does not require any additional hardware. The 

advantages of the proposed method are as follows: eliminates the peak value of the CMV, and the 

magnitude is reduced by 95% compared with that when using the conventional PWM scheme. 

2. Three level T-Type Inverters topology 

The operating principles of the Zero CMV 3L T2I can be explained with the help of the switching 

states in Table 1. The inverter can produce three different voltage levels: +Vc/2, 0, and –Vc/2, by 

controlling the switches in the T-type bridge circuit. The positive output voltage can be achieved by 

triggering S1x and S2x (x = a, b, or c). When the switches S1x and S2x are turned on, the output phase 

voltage VxO is +Vc/2. When S2x and S3x are turned on, the neutral point (node O in Figure 1) is 

connected to the load. As a result, the output phase voltage VxO is zero. The negative output voltage 

can be obtained by triggering S3x and S4x. When the switches S3x and S4x is turned on, the output phase 

voltage VxO is −Vc/2. 

S1a

S3a

S1b S1c

O

S2b

S2c

S2a

S2x

N

a

b

c

Ra

Rb

Rc

S3b S3cG

LC Filter

Vdc/2

Vdc/2

Vdc

 

Figure 1. Three level T-type inverter. 

Figure 2 shows the schematic of conventional Sine PWM method with only one modulation wave 

corresponding to each phase. 

Table 1. Switching states of T-type inverter 

Device switching status 
Output 

voltage 

S1x S2x S2x S3x Vx 

1 1 0 0 +Vc/2 

0 1 1 0 0 

0 0 1 1 -Vc/2 

 

CR21

0

0

t

t

t

t

-1
CR1

0

T

Va

T/4

0

 

Figure 2. Conventional three level T-type inverter control method. 
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3. CMV analysis for three level T-type inverter 

3.1. CMV analysis for three level T-Type inverter 

The 3-level T-type inverter have the same 3-branch structure. Each branch consists of 4 

semiconductors with 1 bi-directional switch. Its configuration is represented in Figure 1. 

The phase to neutral point voltage is determined using the switching state: 

 

1 2 3

1 3 2

2 3 1

0 0 1

0 1
2

0 1,

X X X

dc
XG XN NG X X X

dc X X X

if S S and S

V
U V V if S S and S

V if S S and S

 (1) 

Where 
2 12

2

dc
X X X

V
E and T S S   and equation (1) is rewritten: 

 .XG XU E T  (2) 

From (2) we can be written the phase to neutral point voltage as: 

 .

AG A

BG B

CG C

U T

U E T

U T

 (3) 

Output phase voltage is determined by (4) and (5). 

 

2 1 1
1

. 1 2 1 .
3

1 1 2

AN AG

BN BG

CN CG

V U

V U

V U

 (4) 

 

2 1 1
1

. 1 2 1 .
3

1 1 2

AN A

BN B

CN C

V T

V T

V T

 (5) 

Replace (1) into (4) and note due to load balancing: 

 0AN BN CNV V V  (6) 

 .
3

A B C
NG

T T T
V E  (7) 

The circuit topology of 3L T-Type inverter (3L T2I) is shown in Fig. 1. Its CMV is defined as the 

voltage between load neutral point “N” and the mid-point of DC power supply “O”, which can be 

described as follows: 

 .
3

A B C
ON OG NG

T T T
V V V E E

 
     (8) 

Where TA, TB, TC is the state on the branches. 

The CMV value is listed in Table 2. 

 

Table 2. CMV value 

State Ta Tb Tc CMV 

1 0 0 0 E 

2 0 0 1 2E/3 

3 0 0 2 E/3 

4 0 1 0 2 E/3 

5 0 1 1 E/3 
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6 0 1 2 0 

7 0 2 0 E/3 

8 0 2 1 0 

9 0 2 2 - E/3 

10 1 0 0 2 E/3 

11 1 0 1 E/3 

12 1 0 2 0 

13 1 1 0 E/3 

14 1 1 1 0 

15 1 1 2 - E/3 

16 1 2 0 0 

17 1 2 1 - E/3 

18 1 2 2 -2 E/3 

19 2 0 0 E/3 

20 2 0 1 0 

21 2 0 2 - E/3 

22 2 1 0 0 

23 2 1 1 - E/3 

24 2 1 2 -2 E/3 

25 2 2 0 - E/3 

26 2 2 1 - E/3 

27 2 2 2 -E 

From equation (8) to eliminate CMV (V0N =0), and the state on the branches is defined: 

 3A B CT T T    (9) 

So, to eliminate common mode, the vector status of the phases can be selected one of six vector status 

[0, 1, 2], [0, 2, 1], [1, 0, 2], [1, 2, 0], [2, 0, 1], and [2, 1, 0]. 

3.2. Proposed PWM control method  

The modulation waves Va, Vb, Vc can be expressed as: 

 

sin 1

2
sin 1

3

4
sin 1,

3

A

B

C

V m

V m

V m

 (10) 

 

Where θ and m are phase angle and modulation index and 0≤m≤1. So, reference voltage is determined: 

 0 2
X

V  (11) 

Set Lx and Hx: 

 int( ) 2

int( ) 1 2,

X X

X

X X

V if V
L

V if V


 

 

  (12) 

 1X XH L    (13) 

From equation (12) and (13) can be see that, one cycle of carrier is TX can be changed LX or HX 

depend on VX, CR1, and CR2 value. 
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When 
X X XV L    and is the decimal component of VX: 

 0 1X    (14) 

From equation (10) 3 3A B C A B C A B CV V V L L L              

LA, LB, LC are integers due to A B C     must be integers Let's sum them as integers (=3). 

 1 2

2 1,

A B C

A B C

A B C

when L L L

when L L L
  

  
   

  

  (15) 

To eliminate common mode voltage, the algorithm is divided into 2 cases that are ζA+ ζB+ ζC=1 and 

ζA+ ζB+ ζC=2. 

Case 1: ζA+ ζB+ ζC=1 

 

 

Figure 3. Case 1 algorithm to eliminate CMV. 

ζA+ ζB+ ζC can be selected randomly in the three level T-Type inverter, but are further restricted in the 

three level T-Type inverter due to the limit of its switching combinations. 

The constraint is simply expressed as: 

 
A B C     (16) 

At any time of figure 3 TA+ TB+ TC=3. Due to, the common mode voltage V0N=0. The same remain 

time interval, respectively. 

Fig. 3(a) presented PWM control method when not to eliminate common mode voltage. The CMV 

remain in time intervals T1, T3, and T4. 

Fig. 3(b) presented PWM control method when CVM is eliminated. 

Case 2: ζA+ ζB+ ζC=2 

At any time of figure 4 TA+ TB+ TC=3. Due to, the common mode voltage V0N=0. The same remain 

time interval, respectively. 

Fig. 4(a) presented PWM control method when not to eliminate common mode. The CMV remain in 

time intervals T1, T3, and T4. 

Fig. 4(b) presented PWM control method when CVM is eliminated. 
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Figure 4. Case 2 algorithm to eliminate CMV. 

Y

VX(X=A,B,C)

LX(X=A,B,C)

ƐX(X=A,B,C)

ƐA+ ƐB+ƐC=1

Select Case 1 Select Case 2

N

TX(X=A,B,C)

Pulse Generator

 

Figure 5. Flowchart of the eliminate CMV method. 

This flowchart describes how to eliminate CMV in 3 level T-type inverter. The first, we calculate the 

Lx and ℇ X follow equation (5). Then, this method is divided into two case described in figures 3 and 4. 

As a result, the output of this operating is TA, TB and TC which eliminating the CMV. We can control 

the switches state using this TX following equation (3). 
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4. Simulation and experimental results 

4.1. Simulation results 

To verify the Zero CMV 3L T2I performance, extensive simulation studies of those inverters are 

performed in PSIM. The circuit parameters have been taken for simulation and experiment are shown 

in Table 3. 

Table 3. Parameter used in experiment 

Parameter/component Attributes 

Input voltage (Vdc) 200 Volts 

Modulating signal frequency (f) 50 Hz 

Output Power 100W 

Output frequency 50 Hz 

Carrier frequency (fs) 5KHz 

Modulation index M 0.86 

Capacitor (C1) 4400 F 

Capacitor (C2) 4400 F 

Three-phase LC filter Lf, Cf 
10 mH 

10 F 

Load Resistor Rload 40Ω 

Fig. 6 shows the simulation results for Zero CMV 3L T2I. When input voltage Vdc=200V, output 

power= 100 W, Output frequency = 50 Hz, Capacitor (C1)= 4400 µF, Capacitor (C2)= 4400 µF, 

Carrier frequency (fs)=5kHz, Modulating signal frequency (fm)=50Hz, Load: resistance R=40Ω, 

inductance Lf=10mH per phase, capacitor cf=10 F. Modulation ratio M=0.86. 

 

Figure 6. Simulation results for Zero CMV 3L T2I when Vdc = 200 V and M= 0.86. (a) output phase 

voltage VAN, (b) output line to line voltage VAB, (c) load current IA, and (d) common mode voltages. 

Fig. 6 shows the simulation results of the Zero CMV 3L T2I with the PWM control method when Vdc 

= 200 V and M = 0.86. As shown in Fig. 6, the output phase voltage (VAN) has three levels: 100 V, 0 V 
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and -100 V. the output line to line voltage (VANB) has five levels: 200V, 100 V, 0 V and -100 V, -200V. 

The common mode voltage is found 0V. 

4.2. Experimental results 

A prototype is built to test the Zero CMV 3L T2I and its PWM control. The design parameters and the 

list of semiconductor components used for the prototype are given in Table 3, respectively. 

A 100-W prototype was built in the laboratory to verify the effectiveness of the proposed PWM 

scheme. The input voltage is in 200 V. The output frequency is 50 Hz. The switching frequency of the 

T-type inverter circuit is 5 kHz. All FGL40N150D IGBTs in the prototype are controlled by TLP250 

amplifiers. The two capacitors C1 and C2 are 4400 F/400 V. The output voltage is filtered by a three-

phase low-pass filter. 

 

Figure 7. Experimental results for Zero CMV 3L T2I when Vdc = 200 V and M= 0.86. (a) output 

phase voltage VAN, (b) output line to line voltage VAB, (c) load current IA, and (d) common mode 

voltages. 

 

Fig. 7 shows the simulation results of the Zero CMV 3L T2I with the PWM control method when Vdc 

= 200 V and M = 0.86. As shown in Fig. 7, the output phase voltage (VAN) has three levels: 100 V, 0 V 

and -100 V. the output line to line voltage (VANB) has five levels: 200V, 100 V, 0 V and -100 V, -200V. 

The common mode voltage is found 5 Vrms. 

Figs. 6(d) and 7(b) shown CMV of the simulation and experimental results. This simulation result is 

possible to confirm that the obtained value is similar with the experimental results, although slightly 

higher, which was expected. 

 

5. Conclusion 

A PWM control method is presented in this study to eliminate CMV for three-level T-type inverter. 

The peak value of the CMV, and the magnitude is reduced by 95% compared with that when using the 

conventional PWM scheme. PWM control method is simple to implement and does not require any 
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additional hardware. Circuit analysis, operating principles, and simulation results and experimental for 

the Zero CMV 3L T2I with the PWM control method are presented. 
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Abstract. The process of converting lignocellulosic biomass to fuels (such as ethanol) is 

considered a potential method for supplanting current fossil fuels with renewable sources.  A 

significant inhibitor to such processes is the lack of an efficient and economical means by 

which hemicellulose and cellulose may be hydrolysed to their constituent monosaccharides as 

precursors for ethanol fermentation.  This research details experiments conducted by which 

sugar cane bagasse (SCB) immersed in ionic liquids (either 1-butyl-3-methylimidazolium 

chloride or 1-ethyl-3-methylimidazolium chloride – BmimCl and EmimCl respectively) were 

catalysed to glucose and xylose by adding variable amounts of hydrochloric acid (3.5 – 

10.5wt%) at temperatures between 100C to 140C.  Experiments were conducted over 5 hours 

and in all experiments the monosaccharide concentrations increased to a maximum then 

decreased as the monosaccharides were degraded to other products.  Maximum yields of 

glucose and xylose of 133mg/g bagasse and 125mg/g bagasse respectively were achieved 

although under different reaction conditions.  The kinetics of the process was modelled as a 

simple set of first order reactions for the conversion of biomass to sugars then the degradation 

of sugars to other products.  

1. Introduction 

The development of an economically viable process by which waste lignocellulosic materials (e.g. 

sugar cane bagasse (SCB), wheat straw, forest wood residue) may be upgraded to fuels has, in most 

cases, been fruitless.  Despite instances where these waste materials may be used directly by an 

industry close to the waste source (for example, the combustion of SCB in furnaces to power a sugar 

mill) the vast majority of waste material is disposed of by either burning, landfill or allowing to rot in 

the fields.   

Cellulose constitutes more than 50% of the carbon content of the plant sector.  As a polymer of 

glucose, a process whereby cellulose may be easily digested to the constituent monosaccharides is a 

key step for the conversion of lignocellulosic waste material to ethanol, a readily accepted transport 

fuel.  However, cellulose in plant matter is substantially in the crystalline state which is compact and 

inhibits chemical or biological hydrolysis.  If present in a dissolved or amorphous state, cellulose 

hydrolysis is kinetically more favourable [1]. 

To improve the dissolution of lignocellulosic materials, ionic liquid (IL) pretreatment of biomass has 

shown great promise to decrystallise cellulose [2] under mild conditions after which the cellulose may 

be isolated from the other biomass components [3].   Research on the hydrolysis of the recovered 

cellulose is substantially focussed on the use of enzymes despite the poor economics of such a 

proposed scheme [4].  An alternative scheme for hydrolysis of the cellulose (and hemicellulose) is 

acid-catalysed hydrolysis of the biomass while dissolved in an IL medium with downstream separation 
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of the sugars from the mixture [5,6].   Previous studies by Li et al. [7] reports 68% yields of total 

reducing sugars (TRS) from SCB dissolved in 1-butyl-3-methylimidazolium chloride (BmimCl) with 

the addition of hydrochloric (HCl) at 100C.  Kassaye et al. [8] reported a 92% yield of TRS from 

micro-crystalline cellulose (MCC) when dissolved in BmimCl with the addition of sulphuric acid 

catalyst at 180C.  They also noted that the yield was enhanced by first dissolving the MCC in the IL 

before addition of the catalyst. Other more complex acid catalysts have also been shown to produce 

high yields of TRS when used to hydrolyse lignocellulosic biomass to TRS in IL media [9, 10].   

Despite the high achievable TRS yields, the work by Li et al [7] is the only one that has sought to 

model the kinetics of the process.  In their work, they modelled the process of corn stalk hydrolysis as 

a simple series reaction of degradation of the biomass to TRS followed by degradation of the TRS to 

other products.  They performed their analysis of TRS yield versus time for a single set of conditions 

without seeking to discriminate between the types of sugars produced. 

The purpose of the research reported here was to study the acid-catalysed hydrolysis of SCB to sugars 

when contained in an IL medium and, furthermore, to model the kinetics of the process over a wider 

range of variables (i.e. acid concentration, temperature) than previously reported. 

2. Materials and methods 

SCB was sourced from Bunnings Pty Ltd.   Samples were washed, then dried over night at 70°C 

before being crushed and mechanically sieved using 1~2 mm sieve mesh.  The moisture content of the 

SCB was measured at 5.4%.  Glucose and xylose (purity>99%), 1-ethyl-3-methylimidazolium chloride 

(EmimCl) and BmimCl (assay >98%) were purchased from Sigma-Aldrich, Sydney, Australia.   

Hydrolysis experiments were based on the methods reported in Li et al. [7].  A pre-weighed sample of 

SCB (0.4g) was added to a preheated mixture of IL (8g) and water (0.06g) at the desired temperature 

(100, 110, 120, 130 or 140C) contained in a stirred test tube within a heated oil bath. An appropriate 

amount of concentrated HCl (37wt%) was then added so that the concentration of HCl was either 3.5, 

7 or 10.5% (weight ratio of HCl to bagasse).  At desired times (15, 20, 45, 60, 120, 150, 180, 240 or 

300min), samples were withdrawn (0.25mL) and quenched using an ice-water bath and then 

neutralised with an appropriate amount of 0.25M NaOH followed by a small addition of water to make 

up a total volume of 5mL. The sample was then filtered using Grade 4 (20-25µm) Whatman filter 

paper.  The filtrate was stored in a fridge at 4C before proceeding to sugar analysis. 

The concentrations of the sugars in the filtrate were measured using a Shimadzu HPLC with a 

refractive index (RI) detector (RID-10A). The column used was 300 x 7.8 mm Rezex RPM-

Monosaccharide Pb+2 (8%) from Phenomenex, Australia. The column parameters are given in Table 1 

 

Table 1. Column Operating Parameters 

Maximum pressure 1000psi 

Temperature 85˚C 

Flow rate 0.6 ml min-1 

Detection Refractive index 

Mobile phase Degassed Milli-Q water 

Injection volume 10µl 

. 

The HPLC was calibrated to measure the concentrations of the sugars arabinose, cellobiose, fructose, 

galactose, glucose, mannose, sucrose and xylose.  

3. Results and discussion 

In all trials conducted, only the monosacchardies glucose and xylose were measured to any significant 

extent in the hydrolysate.  Peaks for the sugars cellobiose, galactose and arabinose were detected by 

HPLC but in negligible quantities.  In all further discussion only the results for glucose and xylose 

concentrations will be given. 

Figure 1 shows a typical set of experimental data of the yield of glucose, xylose and total reducing 

sugars (TRS – the sum of the glucose and xylose yields) in IL hydrolysate for, in this instance, ionic 
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liquid composed of BmimCl, temperature of 120C and HCl concentration (i.e. mass ratio of HCl to 

bagasse) of 7%. 

 

 
Figure 1.  Sugar yield from the acid hydrolysis of SCB in BmimCl 

 

The yield of each sugar increased over time as the hemicellulose and cellulose were hydrolysed to, 

chiefly, xylose and glucose respectively, reaching a maximum before declining as the dissolved sugars 

were degraded to other products.  Although the shapes of the curves for the yield were similar, there is 

enough difference to question the accuracy of modelling the hydrolysis process based on the TRS 

yield. 

It is noted that the initial yields of glucose from the reaction is higher than that for xylose.  This is in 

stark contrast to what occurs if the hydrolysis were conducted in an aqueous media.  Under those 

conditions, xylose would appear first as the hemicellulose is more easily hydrolysed from the solid 

biomass.  The hydrolysis of cellulose, which is a far more refractory component, occurs later if at all 

[11].  The effect of the IL in dispersing the SCB within the liquid media has clearly aided in the 

hydrolysis of the cellulose component.  The maximum sugar yields, however, were relatively low 

compared to that reported in the literature.  SCB is composed of approximately 45% and 35% 

cellulose and hemicellulose respectively (on an ash-free and bone dry basis) [12] so the experimentally 

measured maximum TRS yield of ~180mg/g bagasse represents only about 25% of the available 

sugars from the SCB.  It is noted also that the maximum yield of xylose is higher than that achieved 

for glucose despite the amount of cellulose in the biomass being significantly higher than that of 

hemicellulose.  In all experiments the dissolution of the biomass within the IL was not total, i.e. solids 

were still apparent and samples taken for HPLC needed to be filtered to remove insoluble particles.  

The solubility of cellulose in IL is strongly influenced by the presence of water so the relatively low 

amounts of glucose formed may be a result of incomplete dissolution of the cellulose in the IL. 

Figures 2 and 3 shows the yield of glucose and xylose, respectively, at varying acid concentrations.  

As can be seen from the figures, the initial rate at which the monosaccharides are produced is rapid 

and relatively unaffected by the HCl concentration used.  However, at the lowest acid concentration 

the rate of degradation is significantly reduced hence the maximum sugar yields are significantly 

higher than that at the higher acid concentrations.  It is clear from these results that lower acid 

concentrations would preference optimum sugar yields. 

Figure 4 shows the yield of sugars when two different ILs (EmimCl and BmimCl) are used.  It is 

readily apparent that the alkl chain length on the imidazolium ion has a significant effect on the sugar 

yields.  The shorter alkl-chain length of EmimCl leads to a reduction of the maximum sugar yield.  

This is despite reports that EmimCl is a more powerful solvent for cellulose [13] so should enable 
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more rapid hydrolysis of the cellulose fraction of the biomass.  The effect of the chemical structure of 

an IL on hydrolysis kinetics clearly warrants a more thorough study to understand this phenomena. 

 

 
Figure 2.  Glucose yield from the acid hydrolysis of SCB in BmimCl 

 

 
Figure 3.  Xylose yield from the acid hydrolysis of SCB in BmimCl 

 

 

To model the kinetics of the hydrolysis of cellulose/hemicellulose to glucose and then degradation of 

glucose to other products, Li et.al assumed a simple series of two consecutive first order reactions: 

 

cellulose 
  
→ glucose 

  
→ decomposition products of glucose 

 

where k1 is the rate constant for the cellulose hydrolysis and k2 is the rate constant for glucose 

degradation.  The approach used here is the same other than the hydrolysis of hemicellulose to xylose 

is also modelled: 
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hemicellulose 
  
→ xylose 

  
→ decomposition products of xylose 

 

where k3 is the rate constant for the hemicellulose hydrolysis and k4 is the rate constant for xylose 

degradation.  For an experiment conducted at a single, constant temperature the rate of formation of 

products is given by the equation: 

 

        (
  

       
) (              )  – (1) 

 

where    is the concentration of ‘i’ (glucose or xylose and j = 1 for glucose and j=3 for xylose) in the 

liquid,      is the maximum concentration of glucose or xylose that can be produced if all the 

cellulose/hemicellulose were converted to glucose/xylose, and t is time of reaction. 

 

The rate constants k1 to k4 are modelled via the Arrhenius equation: 

 

       
        -(2) 

where Ai is the pre-exponential constant for reaction i, Ei is the activation energy for reaction i. 

 

The parameters Ai, Ei and Ci,0 were calculated using a Marquardt-Levenberg curve fitting routine 

available in Sigmaplot version 5.0. 

 

 
Figure 4.  Sugar yield from the acid hydrolysis of SCB – effect of type of IL 

 

Figures 5 and 6 show the yields (shown as data points) of glucose and xylose, respectively, at 

temperatures between 110C and 140C.  It can be seen that that the rate of sugar yield is quite 

different between the two monosaccharides.  As the temperature increases, the rate at which glucose 

and xylose are produced increases.  However, the maximum yield decreases with increasing 

temperature for glucose, whereas the maximum yield increases with temperature for xylose.  

Overlaying the experimental points are lines for the model fits obtained from the curve fitting 

assuming consecutive first order reactions for the formation and degradation on glucose and xylose.  

The curve fits are quite poor, with correlation coefficients R2 = 0.74 and 0.53 for the glucose and 

experimental results respectively.  In all sets of model curves the maximum yield is underestimated by 

a large margin. 
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Figure 5.  Glucose yield from the acid hydrolysis of SCB in BmimCl 

 

 
Figure 6.  Xylose yield from the acid hydrolysis of SCB in BmimCl 

 

The parameters extracted from the model fit to the experimental data were: i) For glucose, Cmax = 147 

mg/g bagasse, A1 = 6.04 × 106 min-1, E1 = 65.6 kJ/mol, A2 = 4.71 × 109 min-1, E2 = 88.1 kJ/mol, and; ii) 

for xylose, Cmax = 147 mg/g bagasse, A3 = 8.82 × 105 min-1, E3 = 58.8 kJ/mol, A4 = 2.16 × 104 min-1, E4 

= 46.4 kJ/mol. 

It is clear that the modelling of the data assuming consecutive first order equations provides poor 

accuracy to the experimental data.  This was especially true when inspecting the peak yields of sugars 

– the model fit has much lower values than that measured.  However, both model fit and experimental 

data do agree that the maximum yield of the xylose and glucose are significantly lower than the 

potential yields if all cellulose and hemicellulose were hydrolysed to their constituent sugars.  Clearly 

an investigation of different hydrolysis mechanisms and kinetics is warranted. 
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4. Conclusions 

The hydrolysis of SCB to the monosaccharides glucose and xylose was conducted using HCl as a 

catalyst in the IL BmimCl or EmimCl at temperatures between 100C and 140C over a time period of 

5 hours.  In all experiments the yield of sugars increased to a maximum then declined as the sugars 

were degraded to other products.  The maximum yield was affected by the temperature of reaction, the 

acid concentration and the IL used.  The reaction kinetics were modelled by assuming two, 

consecutive, first order reactions for the formation of the sugars from the cellulose/hemicellulose 

followed by degradation to other products.  However, the ‘line of best fits’ found from the models 

were only a poor approximation to the experimental data indicating that a different set of models needs 

to be investigated. 
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Abstract. Building is one of the most consuming sector with 5 MWh per person per year. 

Building energy efficiency is already addressed by countries policies but is still a topic of 

research. In our paper, we are addressing a new way of improving energy consumption in 

building, based on Internet of Things (IoT). IoT is synonymous of increase of the amount and 

accessibility of measurements. How is this impressive growth possible? How to use these new 

data to reduce building energy consumption and bring new energy performance services? IoT 

technologies are analysed and future tendencies are proposed. Our analysis is illustrated on the 

experience acquired within 2 smart building research and teaching platforms, one in Grenoble 

France, and the other in Hanoi, Vietnam. These research platform aim at improving energy 

efficiency and sobriety, and prepare building to energy grid services. 

1. Introduction 

1.1. Building energy consumption 

Building is one of the bigger consumer of energy and the bigger consumer of electricity in the world 

with 49.3% (27.1%: residential, 22.2% commercial and public services). Global use of electricity in 

buildings grew on average by 2.5% per year since 2010, and in non-OECD (Organisation for Economic 

Co-operation and Development) countries it increased by nearly 6% per year.  

Energy demand per capita is stable with 5 MWh per person per year. It is growing by 1% per year in 

non-OCDE countries like Vietnam, while it is decreasing from a peak of 12 MWh in 2010 in OCDE 

countries like France, partially due to warmer winter since space heating accounts for 45% of the final 

energy use. It is recommended by the international energy agency1 to reduce these figures by at least 

10% from here to 2025. 

In Vietnam, where energy access and economic development are equally important priorities (among 

others), effort is needed to face a rapidly growing demand for energy services without following an 

unsustainable pathway towards high building energy consumption per person. 

An innovative way to address this issue can be based on data. 

1.2. Building and occupants are creating lot of data 

                                                      
1 https://www.iea.org/etp/tracking2017/buildings/  
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Buildings are more and more monitored, for a simple purpose of monitoring, regulation, security, 

diagnosis, to go to intelligent driving. But two things come to revolutionize this now classical approach. 

The first comes from the multiplication of connected things, whether they come from smart home or 

security, as well as objects worn by the occupants, used for example for "quantified self" or health-care. 

Thanks to the integration of physical sensors into micro-electronic mass production channels, a digital 

sensor associated with a wireless communication system costs less than $2. In addition, energy recovery 

technologies can power these sensors making them autonomous, easy to install, but also without 

intervention. Interaction with the occupant (via the smartphone or other user interface) also generates 

rich data about their preferences. The trend is therefore to multiply measures within the habitat. 

The second comes from the access to these data, because although coming from heterogeneous 

equipment, communicating in different protocols, they benefit from concentrators (home automation 

box) allowing to integrate the various technologies in an agnostic way [1]. A nano-computer (raspberry 

pi type) to centralize these measures, to process and archive them locally costs less than 50 €. Open 

source solutions have for several years shown their relevance. 

1.3. Building energy services 

The number and accessibility of these data, open new avenues for research and development, in line 

with Data Scientist's business, which has grown by 1500% over the last 3 years. It is thus possible to 

exploit algorithms that have shown their performance on data derived from simulation, artificial 

intelligence algorithms making it possible to construct [2] or to set in situ model predictive control 

(MPC) [3]. 

The number and accessibility of these data also allow us to consider radical changes in the creation of 

services and the provision of tools for comfort and energy efficiency in buildings. Thanks to the 

multiplication of sensors, it is possible to access complex quantities to be measured such as the 

occupation by correlation of multiple sources of information, to reduce uncertainties (eg redundancy, 

mean value), to access quantities spatially distributed (eg temperature), etc. 

2. Massive introduction of sensors 

2.1. Actual state and perspectives of IoT 

The multiplication of connected objects is a fact. According to IDATE (Institute for Audiovisual and 

Telecommunications in Europe), there would be 11.2 billion connected objects in the world in 2017 

against 4 billion in 2010. The markets that exploit these connected objects are agriculture, industry, 

automotive, logistics, transportation, commerce, sports, health, and of course the smart home and the 

smart city. The growth rate is about 10% per year, which should lead to a fleet of 35 billion units 

connected in 2030, 4 times more than the world population. 

In general, the communication technologies used in IoT are based on wireless standards such as Wifi 

and Bluetooth for short-distance communication, 

which should also remain the case in the next 10 

years, despite a fairly high consumption because 

of the data rates offered (Figure 1). 

Low-Power Wide-Area (LPWA) low-power and 

long-distance technologies such as LoRa and 

Sigfox are growing strongly and are very well 

suited to the smart city area. These technologies 

are nevertheless well suited for buildings since 

they have a strong penetration (deep indoor) 

thanks to their spread spectrum modulation. But 

it is the cellular IoT (via the new standards NB-

IOT, LTE-M) which should know the strongest 

growth with more than 55% per year by 20302. 

                                                      
2 https://en.idate.org/marche-iot-2018/  

 

Figure 1. Scope / Flow of the main RF protocols. 
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In this race for technology, it is sometimes difficult to target the technologies best suited to the field of 

Smart-Building. The experience we have gained through the use of these technologies over the past ten 

years as part of the Predis-MHI (Monitoring and Intelligent Habitat) research and teaching platform, 

allows us today to offer a few recommendations and trends towards internet of things.  

2.2. Wired and wireless standard communication technologies for the smart building  

The "smart" building act at the building level, so it is mostly using a local area network (LAN) or WLAN 

(W for Wireless). Indeed, the "wireless" is undoubtedly the solution of the IoT. Nevertheless, the 

building retains the traditional solutions of GTB (Technical Building Management), which they are still 

mostly wired because installed from the design phase of buildings. It is usual in the industrial, 

commercial and tertiary domain, to use “field protocols” such as DALI (specialized in lighting), 

MODBUS (generic, simple and widespread), KNX (generic but dedicated to the small tertiary) and 

protocols higher levels such as LON and BACNET for data reporting in a centralized architecture for 

relatively large buildings. These protocols are generally open and allow interoperability between 

different systems via gateways. In homes, there is wireless, but the solutions are often proprietary (in 

France: DeltaDore with its X3D protocol, Somfy with io-homecontrol, etc.) and therefore more difficult 

to interoperate with other solutions without agreement between suppliers of solutions. At the same time 

as these well-established companies, the field of "free" home automation is booming, especially thanks 

to IoT. Thus more open solutions are available, based on protocols such as ZigBee, EnOcean or Z-Wave. 

These technologies are widespread in France and many devices are available at more affordable costs 

than complete proprietary solutions, but they still remain expensive (more than $50).  

2.3. Alternatives using open hardware  and open protocols 

From previous solutions (ZigBee, EnOcean and Z-Wave), the development of wireless sensor and 

actuators devices in different technologies of wireless communication gave us opportunities to make 

building to be more intelligent and convenient. However, high investment cost of those devices causes 

difficulties for research and application of building energy services in developing country. Fortunately, 

with recent advances in wireless technologies and embedded systems, based on Open-Hardware 

(Arduino), ANT wireless technology (nRF24L01+ module), low-cost wireless sensors and actuators 

network (WASN) for building energy services is available. Moreover, unlike commercial products, this 

WSAN is customizable and easy to be extended for adapting different research situations. 

    

Figure 2. Arduino Pro mini and nRF24L01+ module. 

RF24Network is a network layer for Nordic nRF24L01+ radios running on Arduino-compatible 

hardware (Figure 2). It’s goal is to have an alternative to Xbee radios for communication between 

Arduino units. It provides a host address space and message routing for up to 6,000 nodes. The layer 

forms the background of a capable and scalable Wireless Sensor Network system. At the same time, it 

makes communication between even two nodes very simple. Nodes are automatically configured in a 

tree topology, according to their node address. Nodes can only directly communicate with their parent 

and their children. The network will automatically send messages to the right place. 

On the other hand, connected things are not necessarily intended to fit into such a wireless network, but 

can simply be connected to the Internet through the mobile phone using bluetooth then 4G, or through 

the home automation box using Wifi then ADSL or fiber. Solutions integrating this type of 

communication become very affordable with the rise of the IoT and announce very low consumption. 

For example, Nordic Semiconductor's NRF52 (Figure 3) is based on an ARM Cortex-M4 processor 

incorporating a 2.4GHz transmitter for Bluetooth Low Energy (BLE) communication, as well as the 

Thread protocol, announced as the future protocol for Bluetooth IoT but has not yet taken off because 

of a certification procedure that has been slow to set up. 
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For its part, the Chinese company Espressif offers the ESP32 (about 5 €), a more powerful solution 

(double heart clocked at 240MHz backed by 4MB flash memory) integrating in addition to BLE, WiFi 

and a cryptographic chip supporting the latest data security standards. 

 

Figure 3. nRF52 chip and its communication antenna which can also be used for energy harvesting. 

Netatmo, a French company that offers a connected thermostat, a weather station and a face recognition 

security system, use this communication principle. The product is first connected in Bluetooth to the 

phone, then after its configuration, it connects to the wifi and transmits its data to the server of the 

company. The data can be consulted by smartphone application, and by website. Figure 4 illustrates the 

Thermostat's web interface with remote re-launch and learning retries. 

 

 
 

(a) during 1 month, with manual remote heating 

before the come back from holidays 

(b) during 1 day with recovery by 

apprentice ship 

Figure 4. Netatmo thermostat data viewed on the Internet server. 

2.4. Access to sensor data 

We have just seen that Netatmo data is accessible from a remote server. The data is automatically 

uploaded from the Wifi sensors and is accessible as long as the company maintains the service. But the 

data is also available through API (Application Programing Interface - dev.netatmo.com) so that 

everyone can develop applications using these sensors. The owner of the IoT can then give access to his 

data for a third-party application and benefit from new services. 

It is important to know the data access possibilities of connected systems that appear on the market. The 

first precaution concerns the property of the data which must remain with the owner of the IoT, and 

which must enjoy all the rights, including the suppression of these. Then, the security of the data, if 

those data are available on a server, they must be accessible by secured manner, and if accesses are 

authorized, to know the treatments and objectives of these treatments. 

Another architecture allows to keep its data locally with the possibility or not to expose them on the 

Internet. The difficulty is then to administer the information system, but more and more solutions appear 

to the general public. We can mention Synology as a very affordable NAS (Network Attached Storage) 

solution provider and perfectly accessible for non-IT specialists. The IoT must then be connected to this 

hub, which must therefore communicate in all the protocols involved, and have physical equipment 

supporting the communication. Conventionally, a module (expansion card or USB key) is required per 

protocol, hence the need to limit the number of protocols in a single installation to facilitate 

interoperability. 

This hub must then have software layers for coding / decoding the communication frames transmitted 

Some research are concerned with 

the recovery of energy from the 

numerous ambient RF signals of 

other IoTs, thanks to the antenna 

of this type of component, when it 

is not in the communication phase. 
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to / by the communication devices. This layer can be provided with the device, available as open source 

(OpenZWave), or reimplemented in specific environments. This is the case for example with 2 free 

environments (OpenHab and Jeedom) where the EnOcean driver is reimplemented. The main feature of 

these environments is to integrate the different technologies in an agnostic way [1] in order to treat them 

later independently of the communication chain. They generally allow to interact directly with the 

system in read / write (sensor / actuator), to archive the data in databases, and to visualize them. 

3. New building energy services  

It is now illustrated some new services, relying on two platforms, first in Grenoble-France, and the 

second in Hanoi-Vietnam. 

Predis-MHI platform in GreEn-ER building of Grenoble University [4]. GreEn-ER is a building that 

hosts the G2Elab and the engineering school "Energy, Water and Environment" (Grenoble INP ENSE3) 

in France. In a few figures, it is a building of 6 floors with 4500 m², 2000 people welcomed, including 

1500 students. 

HUI Smart Office platform is an experimental platform based on OpenHardware and OpenSource to 

initialize building energy efficiency research in Hanoi University of Industry in Vietnam. Our idea is to 

create a co-research project which could initiate a network of international experimental platforms 

toward further researches of Renewable Energy Integration in Building and Net Zero-Energy Building 

3.1. Building Management System (BMS) 

BMS is available de facto in new buildings, but also in renovated buildings. It aggregates in particular 

a more or less large set of sensors and actuators through SCADA (Supervisory Control And Data 

Acquisition). The GreEn-ER BMS consists of 1125 measurement points made during construction in 

2015 and the Smart Office platform consists of 42 measurement and control nodes installed in two 

offices in administrative building of Hanoi University of Industry in 2018. 

In order to make these solutions interoperable, we have developed bindings through web-services. A 

web-service offers a way to interact with computer codes at a very high level of abstraction, regardless 

of operating systems, programming languages, and equipment location. This technology also allows us 

to be interoperable with dynamic thermal simulation models and optimization engines [5][6]. 

3.2. Data visualization  

Figure 5 plots energy consumption (decomposed in usages) and PV production of GreEn-ER building. 

  plots comfort measures (temperature and luminosity) as well as consumption of HUI Smart office. 

These data are accessible using InfluxDB/Grafana open source solutions, enabling very fast dashboard 

creation, and enabling easy access to data using web service (influxDB API) or CSV file exports. A very 

fast analysis is showing that consumption dependents mainly on occupancy, which is during the day in 

offices, then can be mainly compensated by photovoltaic production. 

  

 

Figure 5. Real time GreEn-ER energy consumption (left axis) and PV production (right axis). 
Available on https://snapshot.raintank.io/dashboard/snapshot/dIgrvaSSRBRxFvdJ3SmAEwMgEbyeA26u 
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Figure 6. Real time HUI Smart Office temperature, luminosity, and electrical consumption. 

3.3. Interactions with people 

Moreover, data are accessible from different levels, from the building operator to the occupants. 

Interactive touch screen, smart phone applications, and online web access have been developed to inform 

and interact with peoples on figures relative to energy, comfort or the environment. Notifications on 

smartphone and office computer can be done automatically based on data values and algorithms. This 

approach, which aims to put the occupant in the loop [7] is also a source of data on occupant preferences. 

3.4. Data analysis 

Our platforms are heavily instrumented and prefigures what may be the amount of data collected in 

future buildings. In an office area, about fifteen figures related to comfort and energy are observable. 

The analysis of the data starts with the correspondence of the quantities between them. The 

measurements plotted by time series in the 3 following figures (Figure 7) inform us in particular about 

the occupation and the internal contributions related to the uses. 

Cooling during day 

Occupancy periods 

Night periods 

Lights on during day 

Occupancy periods 

Light and plugs 

consumption depending 

on occupancy 

Constant loads 

Vacancy 

period 
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(a) solar radiation / indoor lighting    (b) consumption / occupation   (c) ventilation / CO2 concentration 

 

Figure 7. Correlation between data in Predis-MHI office in France. 

All these measures can make it possible to build more or less relevant indicators, in particular with 

respect to occupant behavior and their presence [8]. The sensors embedded on the occupants themselves 

(Quantified self, Wearable devices) can come to supplement this information until now difficult to 

access or reconstructed and tainted with uncertainties [9]. 

From reconstructed information such as presence, and a set of measurements located in each room, 

models can be made either by machine learning algorithms [2] or by models more or less complex 

physics, corrected in real time for anticipatory piloting in situ [3]. 

In addition to these measures that can provide a very rich information to comfort and energy 

management services, it appears that the multiplication of measures in building, thanks to the IoT can 

lead to redundancy of information. This redundancy must in particular make it possible to limit 

measurement uncertainties resulting from inexpensive and uncalibrated equipment by averaging. It also 

reduces the risk of data loss to which monitoring systems are sometimes subject. It is thus possible in 

the following figures to compare the measurements made on the consumption of a workstation (Figure 

8a), or the temperatures at different locations of the office (Figure 8b). 

     Monday           Tuesday        Wednesday        Thursday           Friday           Saturday           Sunday 
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 (a) Same consumption of an office desktop.      (b) Temperature on different room positions 

Figure 8. Exploitation des redondances de mesure. 

4. Conclusion 

It is highlighted a strong growth in the number of real time measurements available within buildings, 

associated to occupants and their energy consumption. This availability is due to the technologies of 

transmission and power supply of distributed sensors, which are less and less expensive. Although many 

heterogeneous technological solutions persist, it is increasingly easy to concentrate and to archive them 

for the purpose of analysis. Local or distributed data access solutions each offer advantages and 

disadvantages, and must guarantee respect for the ownership and use of this data. Energy services to 

occupants and building operators can then be developed, based on the correlation of these data, their 

analysis and the construction of added value. As a perspective, energy services related to the electicity 

grid can also be imagined, such as flexibility and peak shaving, thanks to occupant behaviour and 

consumption prediction algorithms using this increasing amount of data. 
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Abstract. Buildings in general, consume and lose huge energy amounts through their heating 

and cooling systems. Thus, effective thermal insulation materials required to endow on energy 

shaving attainments. For this research, bark particles were used as raw materials for the 

manufacturing of low-density thermal insulation panels. The aim of this work was to determine 

the optimum density value of these panels in combination with their thermal conductivity and 

mechanical performance. Three panel densities, i.e. 250 kg/m3, 300 kg/m3 and 350 kg/m3 were 

used in this study. For each density, specimens for the thermal, physical (water absorption, 

thickness swelling) and mechanical (static bending, internal bond) assays had been analysed. 

As proposed by the results, the optimum conditions could be achieved at density levels of 350 

kg/m3.  All things considered, bark-based particleboards seem to be a very promising feedstock 

materials for their usage especially as interior thermal insulation panels, in the building sector. 

1. Introduction 

Buildings in total, are reported to consume 40% of the EU’s total energy demand and produce about 

35% of greenhouse emissions. By designing buildings in the concept of ‘sustainable construction’ it is 

purposed to reduce energy demand for heating consumption of the buildings, in compliance with the 

three pillars of sustainability, i.e. the ecological, economic and social perspectives [1]. One of the main 

ways of improving thermal efficiency and decreasing greenhouse gases emissions is the production of 

insulation panels with low thermal conductivity values [2].  Furthermore, especially in the last decade, 

low environmental impact thermal insulation panels made of biomasses, also referred as ‘bio-

insulations’ have been increasing rapidly due to their availability as renewable, low cost and eco-

friendly materials. So far, several agricultural residues and forest wastes including cellulose, reeds, 

bagasse, palm, hemp, flax, cotton, maize, wheat, rise etc. have being researched as alternative 

sustainable materials to attain insulation panels [3,4]. 

Each year, a significant quantity in million tons of bark generated during wood processing is produced 

globally, emanating as a residual woody biomass in sawmills and wood-based industries [5]. The 

increasing research and development needs of introducing value added products made of wood waste 

materials have prompt many research efforts for the usage of bark residues besides burning them as 

energy fuel, like for example the incorporation of bark into the production of wood-based panels [6]. 

Wood-based panels are essential and common raw materials suitable for engineering applications in 

the building construction and furniture industry [7]. Past research efforts have been investigated 

bark as a feedstock material for the manufacturing of different type of panels such as 

particleboards, hardboard, medium density fiberboard and oriented strand board [8,9]. 
There are several factors influencing the thermal conductivity values of wood-based materials in 

which temperature, moisture and density are considered to be of the most crucial parameters. Thermal 
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conductivity it is accepted to be proportionally increased as a function of temperature, moisture 

content and density [10]. It is reported in [11] that the thermal conductivity values of wood and wood-

based materials, increases linearly with rising density in the range of 200 to 800 kg/m3. Thus, in 

building sector low density fibreboards or softboards, are usually commercially available as thermal 

insulation materials. According to EN 316 standard low-density fibreboards are porous panels having 

a density between 230 and 400 kg/m3 [12].  

In addition, it is known that density do have a significant positive influence on the mechanical 

performance of wood-based panels, since it is acknowledged that the higher the density the stronger 

are the mechanical properties [13]. Even though the mechanical behaviour is not in first priority and 

panels having lower mechanical properties can be used as insulating materials in buildings [14], wood 

panels should withstand a minimum performance during their handling, installation and maintenance 

as thermal insulation panels. Therefore, the objective of this study was to investigate the optimum 

low-density conditions of bark-based particleboards combined with their mechanical properties, so to 

be potentially used as thermal insulation panels.   

 

2. Materials and methods 

 

2.1. Materials 

The whole bark samples (inner and outer bark) used in this research were directly collected from the 

debarking units of a wide diameter range harvested poplar logs stored in a local sawmill at the area of 

Sopron, Hungary. The commercial UF resin and hardener used in this work was purchased by 

DUKOL Ostrava s.r.o. 

 

2.2. Bark panels manufacturing 

Initially, the various thicknesses bark slices, comprising of inner and outer bark were collected and 

dried below 20% into a chamber. Consecutively, the inner and outer bark, were cut into small pieces 

and chipped into particles using a hammer mill equipped with an 8-mm screening holes. The 

granulated bark particles sized from 0.5 mm to 8 mm fractions were used as raw material for the 

manufacturing of bark panels. The moisture content of the bark particles was adjusted between 6% to 

9% before further processing.  A 4% urea formaldehyde (UF) adhesive stirred with a 35% aqueous 

solution of ammonium sulfate (NH4)2SO4 as catalyst.  

Forthwith, the glued mixtures were manually layered and formed in a wooden frame into a mat. 

Thereafter, the frame was removed, and the mats were pre-pressed by hand to compact the materials 

without heat transfer. Two Teflon (polytetrafluoroethylene, PTFE) sheets were used on both surfaces 

of the mat to prevent the produced boards from sticking onto the metal plates during hot pressing 

process. Bars of 20 mm thickness were inserted between the metal plates before pressing to maintain a 

uniform thickness for all boards. 

Following, the mats were transferred to a single-opening hydraulic hot press machines (Siempelkamp). 

The pressing temperature was set at 180 ℃ with a pressing time of 18 seconds per thickness 

millimetre.  The maximum pressure was 2.86 MPa, which was reduced after 120 seconds to 2.00 MPa 

and after an additional 120 seconds to 1.15 MPa for releasing steam pressure inside the panel. Single-

layered particleboards with dimensions of 500 mm x 500 mm x 20 mm3, were weighted to obtain 

target densities of 250 (C_250), 300 (C_300) and 350 (C_350) kg/m3, respectively. 

 

2.3. Measurements 

All the composites boards were kept at 20±2℃ and 65±5% relative humidity, until equilibrium 

moisture content (EMC) was achieved, prior to experimental measurements. All produced 

particleboards were cut and trimmed into various test specimens. 

2.3.1. Physical properties. Bulk density ( ) was measured on the same samples used for the 

mechanical tests. The density of each panel was individually measured at current moisture content at 

time of mechanical bending test (EN 323, 1993). 

Dimensional stability of the specimens regarding thickness swelling (TS) and water absorption (WA) 

were calculated according to European standard EN 317 (1993). Sized specimens with 50 mm by 50 
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mm dimensions were weighed and their thicknesses in the middle of test sample were measured with a 

level of accuracy of 0.01 g and 0.1 mm, respectively (figure 1a). The specimens were immersed in 

water at room temperature to a depth of 30 mm and soaked for 2 and 24 h.  The results of WA and TS 

were expressed as a percentage of the original state as follows: 

 

 WA (%) = 
                      

          
 x 100        (1)  

and  

 TS (%) = 
      

  
 x 100            (2) 

where wet weight and    is the weight and thickness of the specimens after 2 or 24 h immersion in 

water, while dry weight and    their initial weight and thickness at equilibrium moisture content, 

respectively.  

2.3.2. Thermal properties. Thermal conductivity was measured across the thickness of the composite 

board using a heat flow meter using a guarded hot-plate apparatus (figure 1b). The thermal 

conductivity was calculated at steady state conditions by measuring the heat flux, as described by 

Fourier’s law, according to the following equation 

   
      

  
               (3) 

 

where   is the thermal conductivity measured in watts per meter kelvin (W/m K), Φq is the heat flux 

(W/m2),    is the temperature difference across the specimen (K) and   is the thickness of the 

specimen (m). The tested boards were sandwiched between the hot and cold plate, at the center of both 

plates within the measuring area, at room temperature. The temperature difference between the hot and 

a cold plate was set to 10°C by the mean temperature was 10°C. Fifteen thermal conductivity tests 

were carried out, these being three replicates on each particleboard type with dimensions of 500 mm x 

500 mm x 20 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. [a] 50 mm x 50 mm specimens of bark panels, [b] thermal conductivity measurement system 

 

2.3.3. Mechanical properties. The bending strength (MOR) and modulus of elasticity (MOE) of 

obtained bark composite boards were characterized using a universal testing machine Instron 5506 

(static three-point bending), in compliance with the appropriate European Standards EN 310 (1993) at 

a crosshead speed of 8 mm min-1. MOR and MOE were calculated on specimen dimensions of 450 

mm x 50 mm x 20 mm
3
, according to the following equations: 

 

 MOR = 
           

       
             (4)  

and  

 MOE = 
  

   
   

  

      
            (5) 
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where      is the maximum force at the time of rupture (N), L is the span between supports (mm), b is 

the width of the specimens (mm), and d is the thickness of the specimens (mm),    is the load 

increment and    is the deflection increment rate. Young’s modulus was calculated from the average 

slope of the stress-strain curves, corresponding to strains between approximately 10% and 40%. 

The tensile strength perpendicular to the surface (internal bond) was determined by using 50 mm x 50 

mm specimens from each panel according to EN 319 (1993), at a speed of 0.04 mm min-1. The 

maximum force (Fmax) was calculated and internal bond strength (IB) was estimated using the 

following formula: 

 

 IB = 
    

   
                                                             (6) 

 

where b and l are the width and the length of the specimens (mm), respectively. 

2.3.4. Statistical analysis. The analysis of variance (ANOVA) was applied using Statistica13 software 

(TIBCO Software Inc., USA) to statistically examine the influence of density on the properties of bark 

panels produced in the current study. All data were checked for normality (Shapiro–Wilk test) and 

homogeneity of variance (Levene’s test), at 5 % significance level. Post hoc tests were conducted with 

Tukey’s HSD test method.  

 

3. Results and discussion 

The overall results on the thermal, physical and mechanical characterizations of bark particleboards 

are summarized in table 1. Bark particleboards were formatting according to a defined initial weight 

and target densities, at 20 mm thickness. However, possibly due to inhomogeneities of bark particles 

during the manual process or their compression during the hot press, the boards with a target density 

of 350 kg/m3 presented a mean density value of 387.57 kg/m3, slightly raised by 10.73% than the 

expected. As expected, the thermal conductivity value as well as the static bending properties and 

internal bond of the experimental panels were significantly increased by raising the density of bark 

barks from 250 kg/m3 up to 350 kg/m3.  The mean thermal conductivity values of C_250, C_300 and 

C_350 panels were calculated to be 0.059 W/m K, 0.063 W/m K and 0.079 W/m K, respectively.  The 

observed thermal conductivity values were within the range of 0.06 W/m K up to 0.10 W/m K, 

comparing them to the thermal conductivity of other investigated insulation panels originated from 

wood or agricultural residues bioresources, some examples of the numerus experimental proposals are 

given in table 2. 

Even though the thermal conductivity value of C_250 was found to be the lowest, their mechanical 

properties were extremely low. The proposed C_250 density boards, were very weak and additionally 

trimmed during the measurements, therefore these were excluded and considered not suitable for their 

usage as thermal insulation panels.  

As reported in [13] according to European standard EN 622-4:2010 the MOR value of a wood fibre 

insulation panel, of more than 19 mm thickness and densities ranging from 230 and 400 kg/m3 should 

be more than 0.8 MPa. In this study, this limit of 0.8 MPa could be overcome only at the C_350 

specimens of the proposed bark particleboards bonded with 8% UF adhesive. Yet in all cases, the IB 

values were noticeably low and moreover the mean TS% values were surprisingly shown to be 

significantly low in the varying from 7.27% up to 8.39%.  
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Table 1 Physical, thermal and mechanical properties of the proposed glass fibre reinforced bark 

particleboards. Numbers in brackets represent standard deviation of the estimated mean values  

 

 C_350 C_300 C_250 

Physical properties    

  (kg/m3) 387.57 (  14.24) 316.21 (  10.66) 259.02 (  10.84) 

MC (%) 9.73 (± 0.39) 10.31 (± 0.41) 10.70 (± 0.35) 

WA (%, 24 h) 182.47 (   25.73) 195.96 (  21.28) 244.10 (  18.09) 

TS (%, 24 h) 8.15 (  0.99) 7.27 (  1.26) 8.39 (  0.71) 

Thermal properties    

  (W/m K) 
0.079 

(  0.003) 

0.063 

(  0.005) 

0.059 

(  0.002) 

Mechanical properties    

MOR (MPa) 1.42 (  0.24) 0.42 (  0.09) 0.11 (  0.04) 

MOE (MPa) 235.58 (  37.87) 76.80 (  14.97) - 

IB (N/mm2) 0.11 (± 0.01) 0.08 (± 0.01)  - 

 

 

 

Table 2 Comparative assessment on the experimental thermal conductivity values of wood-related 

thermal insulation panels 

Materials 
Parameters 

(density, thickness, resin etc) 

λ  

(W/m 

K) 

Reference 

Poplar bark 

particles 

Particle size 0.5-8 mm, 250-350 kg/m3,  

20 mm, 8% UF 

0.059-

0.079 
This work 

Black locust bark 

particles 

200-550 kg/m3, 10-40 mm, particle size  

(1-8 mm; 8-13mm; 13-45 mm), 10% UF 
~ 0.065 [15] 

Larch bark particles 
250-500 kg/m3, particle size 6-10 mm;  

20 mm, 5-15% tannin resin 

0.069-

0.093 
[13] 

Poplar and spruce 

heartwood 
Heat treatment 15 h, 20 mm 

0.083-

0.086 
[16] 

Agglomerated cork 

boards 

commercial boards, 100-400 kg/m3,  

10-30 mm thickness, 450 x 450 mm2 
0.047-

0.083 
[17] 

Hemp hurds 
10-30 mm length, 330 kg/m3, hybrid organic-inorganic binder, 

50 mm thickness, dimensions150 x 50 cm2 0.078 [18] 

Coconut husk and 

bagasse 

250-450 kg/m3, 450 mm x 450 mm, thickness 25 mm, 

binderless, coconut particles length 8-10 mm, bagasse particles 

length 20-40 mm 

0.046-

0.068 
[19] 

Wood shavings 

flakes 

60-100 kg/m3, 320 x 320 x 50 mm, Douglas fir particles size 

13.3 mm x 14.8 mm x 0.21 mm  
0.046 [20] 

Cotton stalk fibers 
binderless, 25 mm thickness, 250-450 kg/m3, 300 x 300 mm mat 

size 

0.058-

0.081 
[21] 

 

 

4. Conclusion 

For this work, the proposed sustainable and renewable bark particleboards were produced to be used 

as alternative substitutes of petroleum-based, commercial thermal insulation panels. Considering the 

above mechanical mentioned results, the optimum density is suggested to be in the range of 350 kg/m3, 

even if these bark boards indicated a relatively large thermal conductivity value of 0.079 W/m K. 

Further, the observed low thickness swelling values could be a good indicator, since hygroscopic 
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wood is susceptible to humidity. Potential issues for deeper investigation for the utilization of bark 

particles as thermal insulation materials could be the assessment of thermal and mechanical properties 

as a function of moisture content and temperature as well as the adhesive type and content, at 350 

kg/m3 or 300 kg/m3 low densities. 
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Abstract. Among renewable energies that play a critically important role to achieve a 

sustainable development in the future, solar photovoltaic (PV) power have been growing 

dramatically recently. Despite the enormous potential of solar PV, its drawback, which is 

intermittent in generation, imposes a significant issue on electrical system, such as stability or 

operation planning of the system. One of the solutions for the problem is PV generation 

forecast that have been researched in various studies. This paper presents a methodology to 

obtain an indirect PV production forecast model. Processes of model formation, validation and 

test are performed in the study using real data from a Campbell Scientific weather station 

Grenoble, France. 

1. Introduction 

In this paper, we are focusing on hourly electricity power generated by photovoltaic panels from solar 

irradiance. There are two major categories of PV power forecasting models, which are indirect and 

direct forecasting model. Direct forecasting models gives directly PV production as a result. Whereas, 

in the indirect forecasting models, solar irradiance is forecasted then PV production is derived based 

on the amount of irradiance.  

Our PV production forecast modelling methodology has two steps: firstly, an irradiance forecast 

model is created based on empirical formula and data; secondly, predicted irradiances are applied in an 

indirect PV production model. In this paper only the first step is detailed. 

Solar irradiance can be decomposed in Direct Normal Irradiance (DNI, in W/m
2) and Global 

Horizontal Irradiance (GHI, in W/m2). These two components can be measured using a Rotating 

Shadowband Radiometer available in our weather station in Grenoble, France. Our methodology 

requires also a cloudiness forecast which can be available using weather services available on the 

Internet (free or not). 

In this paper, 8 models of clear sky irradiance are compared and one is chosen to be used in our 

methodology. From this model and cloudiness forecast, we are proposing models to forecast real GHI 

and DNI which are then compared to two models available in the literature.  

At the end of the paper, the forecast is also compared to real measures in order to validate it in a short 

term horizon (hours) and a long term horizon (days). The irradiance difference is analysed regarding 

weather forecast accuracy, and the error regarding energy production is also analysed. 

 

2. Modelling methodology 

2.1. Photovoltaic production model  
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Figure 1. weather station 
meteo-greener.g2elab.grenoble-inp.fr 

Hourly electricity power generated by photovoltaic panels from solar irradiance can be given by the 

following model: 

 ( ) ( )PV PV PVP t η .S .POA t  (2-1) 

    is the PV area (m2); 

    is the system global efficiency which is calculated from the producer’s reference efficiency nref (at 

the standard condition: 25°C, 1000W/m2), real efficiency nreal (taking into account losses due to 

temperature, radiation level, connection loss, wiring loss etc) and inverter efficiency ninverter 

 inverter.real.refPV ηηηη   (2-2) 

Typical values are nref = 0.2 for polycrystalline modules, nreal = 0.8, and ninverter = 0.95. It is leading to a 

typical efficiency of 15%. This study is not focused on modeling the efficiency. 

The last term of equation (2-1) is        which represents the 

global solar irradiance on the panel plane (W/m2), which is 

composed of 3 components (direct, diffuse and reflection) and is 

derived from the weather data of Direct Normal Irradiance (DNI, 

in W/m2) and Global Horizontal Irradiance (GHI, in W/m2) 

using geometric considerations that are not detailed here (more 

information for instance on Sandia web site1).  

2.2. Measuring irradiances  

It is then possible to obtain the PV production using this model 

and measures of DNI and GHI. These irradiances are obtained in 

this study using the Rotating Shadowband Radiometer of our 

weather station (Figure 1). More information in such a scientific 

instrument in  [1]. 

2.3. Forecasting irradiances  

Our aim is to forecast PV production at the horizon of 24h, the 

day ahead. To do this, it is proposed in this paper to focus on 

irradiances forecasting. 

An important information on solar irradiance is the sky cloud 

cover, or cloudiness. It is now possible to obtain cloudiness forecast from weather forecast web 

services such as AROME model from Meteo-France2 which is a small scale numerical prediction 

model, designed to improve short range forecasts. The term cloudiness in this study is used to describe 

the percentage that the cloud covers the sky. In some studies, it can be cloud cover, however cloud 

cover can be referred to how many octas of the sky that is covered, where an octa corresponds to a 

fraction of 1/8th of the celestial vault. 

There is already empirical model on solar radiation forecast that set cloudiness as an input, one of first 

studies [2] established the relationship as in equation (2-3): 

 
      

      
        (

 

 
)
   

 (2-3) 

Where:        is Global Horizontal Irradiance at N octas,        is clear-sky GHI.   

In another study [3], equation(2-4) and(2-5) were proposed to compute solar radiation based on cloud 

cover and clear-sky irradiance models.  

                  (  
  

  
) (2-4) 

                                                      
1
 https://pvpmc.sandia.gov/modeling-steps/1-weather-design-inputs/plane-of-array-poa-irradiance/  

2
 https://www.umr-cnrm.fr/spip.php?article120&lang=en  
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)) (2-5) 

Where:     is Direct Normal Irradiance,          is clear-sky direct normal irradiance, K is cloud 

cover modifier, CC is cloud cover measured out of 10. DHI is Diffuse Horizontal Irradiance,          

is clear-sky diffuse horizontal irradiance, CCF = 1.028 + 0.0195 CC + 0.0095 CC2. 

Kasten and Czeplak relationship in 1980 was then improved to optimize for a case study with the 

weather condition in the US [4] as equation(2-6) :  

 
      

      
        (

 

 
)
   

 (2-6) 

Further complex models are available in [5], [6], yet they are always optimal for the target regions of 

research. In this study, a correlation between cloudiness and solar irradiance will be constructed, based 

on cloudiness forecast and clear-sky irradiance, in order to have forecast of incidence irradiance to the 

PV as in equation (2-1).  

There are many clear-sky irradiance models proposed through years, therefore in order to analyse 

them easily, they will be classified into three groups of very simple, simple and complex models. The 

first group is very simple models, in which only geometric calculation is considered [7]–[16].   

The second group contains simple models, in which additional basic parameters that describe a state of 

the atmosphere are included like air pressure, temperature, relative humidity, elevation, Linke turbidity 

[17]–[19]. 

The last group consists of complex models, where various atmospheric variables are considered such 

as ozone, perceptible water or aerosols. These kinds of models reach the highest accuracy if required 

parameters are measured properly, however, they are not always available. List of complex models are 

not listed here due to their complexity but they can be found in these review journals  [13], [15], [20]. 

2.4. Methodology  

We are now proposing a methodology in order to forecast PV production. Past values of measured 

irradiances associated with a clear-sky irradiance model can be correlated with cloudiness forecast 

history (Figure 2) to create our irradiance forecasting model. This model will be used to predict 

irradiances based on forecasted cloudiness, then Hay transposition model [21] will be applied to obtain 

forecasted PV production (Figure 3). This methodology is detailed and applied in the following 

sections. 

 

Figure 2: Methodology to create irradiance forecasting model 

 

Figure 3: PV forecasting  

 

3. Irradiance forecast models  

3.1. Clear-sky model validation  
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There is no universal model developed yet, therefore it is not clear about what clear sky irradiance 

model can be applied for a specific area unless the model is constructed in the region. The largest 

discrepancy between models’ results were found when the models are applied over great aerosol loads, 

drastically high or low water vapor content areas [15, p. 26]. 

Our model is intended to be used with a minimal set of available weather forecast (only cloudiness), 

then only very simple (Table 1) and simple clear-sky models are considered (Table 2). 

Table 1: The first group is very simple models 

Daneshyar–Paltridge–Proctor [7], [8] 

z is zenith angle of the sun 

          (                 ) 

                (
 

 
   

 

   
) 

                   

Kasten–Czeplak (KC) [2]:                   

Haurwitz [9], [16] 
                 

      
       

Berger–Duffie (BD) [10]:                   

Adnot–Bourges–Campana–Gicquel [11]                       

Robledo-Soler (RS) [12]:                                          

Meinel Model [13]                  
   (AM: air mass) 

Laue Model [14]                              
         

Io is the extra-terrestrial radiation, h is elevation 
 

Table 2: The second group is simple models 

Hottel [17] 
       (       

  
       ) 

Kasten [18] 

TL is Linke Turbidity 

                   

  
(          (                ))

 

Ineichen and Perez [19]:                   

  
(        (                ))

 

 

These models are compared in Figure 4. The result is that model from Adnot–Bourges–Campana–

Gicquel [11] is the best candidate for our clear-sky GHI model. 

 

Figure 4. Root Mean Square Error (RMSE) and Mean Bias Error (MBE) of clear sky irradiance 

3.2. Irradiance model creation  

On the next parts, only GHI analysis is presented. The same procedure is applied to DNI. 

0%

5%

10%

15%

20%

DPP (1978) KC (1980) Haurwitz
(1945)

BD (1979) ABCG (1979) RS (2000) Kasten Ineichen &
Perez (2002)
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During model creation process, the data used is a set of cloudiness records in July and August 2018. 

Each record is taken from the weather web service (infoclimat.fr) at the current time. It means that 

cloudiness at 11:00 in our records has been taken from the web site at 11:00. The accuracy is then 

maximal, it is not a long term forecast. Each value has been saved to create our database. 

Figure 5 is a box plot (minimum, first quartile, median, third quartile, and maximum) of the ratio of 

measured GHI over clear-sky GHI (GHI/GHI_0) depending on cloudiness.  

The mean value of box plot is showing that cloudiness is not influencing a lot before 80% with a ratio 

that is slowly decreasing but leading to value above 0.8. When the sky is overcast (the 

cloudiness>95%), GHI/GHI_0 ratio has the mean distribution value around 0.4. The main reason is 

diffuse irradiance that reflects through layers of cloud.  

In order to build a regression model from these data, the hypothesis of Kasten and Czeplak [2] is made 

as defined in equation (3-1): 

 
            

             
                  (3-1) 

 

Coefficients a and n, are obtained to fit the weather condition in Grenoble, using Nelder-Mead 

optimization method. The values obtained are a=0.51 and n=6.42, and the corresponding regression is 

the red continuous line in Figure 5 

  

Figure 5. Boxplot distribution of ratio measured GHI over clear-sky GHI (GHI_0) corresponding to 

cloudiness in July and August. The red line’s equation is                  

3.3. Model comparison  

In this section, our model is compared with Perez model [4] and Kasten and Czeplak (KC) [2] using 

past cloudiness value for a half of September 2018. This data set was recorded in the same manner as 

past cloudiness data in July and August 2018 during the model creation process.  

Figure 6 is the violin plot of these 3 models. In the heart of the plot is a box plot, in which the white 

dot is the median, the box is interquartile range, and the rod is 95% confidence interval. Outside part is 

Kernel density estimation (KDE) plot of the error distribution. In all three plots, the highest density of 

error is around -100 to 100 W/m2. 
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Figure 6. Error distribution of three models  

As it can be seen more clearly in Table 3, which compares the error between the calculated GHI and 

measured GHI, the median and mean of error by our model in this study are closest to zero, and its 

standard deviation is smallest. Furthermore, the root mean square error (RMSE) in this study is 194 

while those in Perez study and KC study are 256 and 211 respectively. Therefore, the model in this 

study is more reliable and suitable in our context. 

Table 3: Detailed parameters of the error distribution  

Error distribution  Our model Perez model KC model 

Median (W/m2) -16.1 -66.4 -34.4 

Mean (W/m2) 29.9 -110.3 -38.4 

Standard deviation (W/m2) 170.7 202.3 186.2 

3.4. Irradiance model forecast validation  

The dataset used for model test is three-hour forecasted cloudiness in September 2018. For instance, 

the cloudiness value in the dataset at 11:00 is recorded 3 hours earlier at 8:00. In order to ensure 

accuracy of evaluation, only daily data when the sun is available is used during analysis.  

As demonstrated in Figure 7(a), the correlation between forecasted GHI and measured GHI is quiet 

good for lot of samples, even with a coefficient of determination r2 equal to 0.58. The error 

distribution is presented in Figure 7(b), where the median and mean are quite close to zero, with value 

of 3.41 W/m2 and 36.25 W/m2 respectively, while standard deviation is 140.3 W/m2. As shown in the 

violin plot, 95% of error ranges are from -120 W/m2 to 155 W/m2, and 50% of error are from -15 

W/m2 to 50 W/m2. There are some outliers with big error because there was a day when cloudiness 

forecast was totally wrong (forecasted a clear sky, but cloudy in reality). 

   

(a) Correlation (b)  Error distribution 

Figure 7. Correlation and distribution of three-hour forecast and measured GHI values 
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Figure 8.3 hours energy correlation 

3.5. Radiation energy forecast validation  

The energy received by radiations corresponds to the 

integration of GHI during time. Here, energy is forecasted 

each 3 hours at 5:00, 8:00, 11:00, 15:00, 17:00, 20:00, 

during 3 hours long. It means for instance a prediction at 

5:00 of energy received from 5:00 to 8:00. Figure 8 

presents correlation between prediction using our model, 

and measures. The energy forecast has a high accuracy with 

coefficient of determination of 0.84. The energy forecast 

has better coefficient of determination r2 than irradiance 

forecast, because energy is based on integration over time, 

so it reduce variations and rely more on the mean of 

irradiance.  

3.6. Long term forecast and energy management strategies 

The cloudiness forecast is available for the next 8 days. Our 

modelling process has used the 0 hour data in order to have the more accurate cloudiness. The model 

prediction comparison and model validation has used the 3 hours forecast in order to validate the 

radiation and energy short term forecast. Now it is also possible to apply our model for the next 8 days, 

and then to have an energy production forecast for more than a week. It is not our aim in this study to 

evaluate the accuracy of weather forecast, but just to have an idea of uncertainties of model inputs 

such as cloudiness. Figure 9 presents the comparison between forecast and measures. The red dashed 

line is the updated forecast, 1 day after the first forecast. 

 
(a) Irradiances forecast compared to measures during 8 days (b)  Energy comparison 

Figure 9. 7 days forecast of GHI and DNI, comparison with measures 

4. Conclusion 

A methodology for PV energy forecast have been presented in this paper. It is based on irradiance 

forecasting model and cloudiness web service forecast. A first step was irradiance forecast model 

creation based on regression using past data. The second step is to simulate energy production based 

on irradiance model and cloudiness forecast on the next few hours. Our model has been compared 

with Perez model and Kasten and Czeplak model, and better results have been obtained using our 

hypothesis. Nevertheless, it has been applied using local measures, thus it can be inaccurate in another 

region, however, the methodology can be widely spread to any location. Only GHI data have been 

detailed, and the final results presents GHI as well as DNI. Then it has been shown in the validation 

step, that error from the irradiance forecast can be large due to weather forecast errors, but regarding 

energy production, the forecast is much more accurate. Thanks to the transposition model [21], PV 

production model is obtained. It is now possible to link it with consumption models and apply energy 
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management strategies to improve some performance indicators such as load matching of grid 

interaction [22] 
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Abstract. One possible solution for the production of wood for energy or industrial purposes is 

the planting of energy wood plantations. In this type of target plantation, a large amount of 

dendromass can be produced in a short time. Before the afforestation the site survey is highly 

important. Based on the results the tree species can be chosen and the corresponding 

cultivation technologies can be planned. Energy plantations are generally man-made forests 

with fast-growing species and the rotation period is short. Therefore it is necessary to 

determine the method of harvesting and the corresponding machine system already at the 

planning phase. After harvesting the timber should be transported in a short period of time in 

order not to prevent the development of the next tree stand. At the transport large amount of 

wood chip must be moved for shorter or longer distance. Thus the applied logistic plays very 

important role in the whole process, by making the operation of timber utilizing power plants 

as profitable as possible. 

1. Introduction 

Biomass is of the most importance in renewable energy sources in Hungary. In the short time we have 

been able to produce large quantities of dendromasses, which can be used for industrial or energy 

purposes depending on the technology. Depending on state aid, energy wood plantations in the coming 

years may play a greater role in the production of decentralized energy production. 

 

2. Establishing and nursing of energy plantations 

Before the establishment of energy plantations, a site survey expertise must be prepared, that describes 

the areal conditions. Based on the expertise, yield- and impact study and the formulation of the 

cultivation technology performed in the planning phase or the working out of the potential extension 

opportunities. To the species selection a soil profile opening and checking is needed per 5 hectar. The 

common test of the taken soil samples is suggested (ex.: measurment of pH, CaCO3, physical property 

of the soil, gross salt %, humus content %. AL- phosporus, potassium, gross nitrogen). To reach the 

growth intensity of the plantation the usual recycling of nutrients into the soil required. For the 

planning of it, average sampling proposed per 5 hectars, at least from soil layers 0-30 and 30-60 (60-

90) cm deep (depth of rooting importance). With the average sampling extended test – over the before 

listed factors – we measure the compactness index, water soluble gross salt, NO2+NO3, P2O5, K2O, Na, 
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Mg, SO4, Mn, Zn, Cu contents. With the annual perform these tests the change of each arguments can 

followed up in the soil, hereby the nutrient needs and crop forecasting can be realized [6].  

In the case of damaged areas naturally need to consider the kind and depth of pollution of area, why 

this has an affect on the choice of species. The cultivation technology of energy plantations need to 

choose individually, considering the local conditions. The applicable technologies: determine the 

magnitude of the plantation, areal conditions, available machinery and logistics influence factors [2]. 

The initial spacing depends on the species and clone, the predictable felling cycle, site, the utilization 

of crop and the applicable harvesting method. One or twin row initial spacing can be formed. The one 

row planting spacing every, with middle length or long-term rotation grown species can be suggested, 

but when we aimed short term rotation, then the twin row planting spacing proposed. The distance 

between twin rows is about 70-75 cm because of the effective mechanized harvesting and in-row 

spacing between plants is 50 cm [4]. The planting can achived several ways: with notch planting; 

planting auger; sapling planter; small-, medium, and high productivity tree- or sapling planting 

machine etc. 

In year of planting we can expect dense weed vegetation, that can handled with repeated weeding. In 

flat areas the mechanical interrow weeding is enough, the apply of rotary machine advised instead of 

rotavator or cultivator. The use of chopper is better on humid and semihumid lands, because the 

surface soil keeped compact, so lesser erosion endangers it. In sloping lands, against the water erosion 

and deflation on the ground, among industrial crops the use of low growth, perennial xerophyte plants 

advised, which after reaching an allowed height need to cut back (crushing of stems). From aspects of 

enviromental and nature protection beside or instead of a mechanical weeding chemical weed control 

is required. Weed control with lubrication technology is belong to alternative treatments. The chemical 

lubricator machines get the chemical concentration liquor in form of liquid film up to the foliage of the 

plants. In case of sprinkling technology, with the help of a sprinkling unit set up on a rotavator, the 

mechanical and chemical weeding could perform in singlepass [3]. 

The rate of nutrient recycling into the soil affect by the producing-method and the areal conditions. 

Before the plantation, after the harvesting and after liquidation of plantation the amount of the main 

nutrients need to be checked. If the soil’s nutrient supply applied, then as a result of leaf shedding and 

the following mineralization, it is enough to supply the nutrient loss by the growth. The rate of nutrient 

recycling depends on the species, site, rotation period and on the yield. As long is the rotation period, 

so large is the ratio of nutrient-poor stems relative to the gross production. As small is the ratio of the 

branchwood, so small is the net of N-,P-, K-, Ca- és Mg-abstraction from the area [4]. Several 

opportunities presents itself for nutrient supply: organic fertilizers, other biological waist, mineral 

fertilizer, dry stabilizating compost, silt compost and ash. 

 
3. The harvest of energy plantations 

The harvest of plantations depends on the rotation period, but always happens out of the growing 

season.  Must have an intention on working in the absolute vegetation dormant season. At this time the 

stand is leafless, and next year root and shoot growth haven’t started. That means the november-march 

period pending from the weather. The optimum for harvesting is in nip, because the soil is well 

passable, the rhizospher doesn’t suffer harm. By the first harvest evolved trunks (cut ends) has to be 

close to the soil surface, because by the next harvest cutting height by harvesting must be above the 

previous, to avoid bigger cut end, than ideal. By the harvest must have intention on to form the 

possibily most smooth cut end. In good practice harvesting periodthe product’s water content is about 

50-55%, and in extreme cases the dry matter-content can reach 45-60%. 

 The marginal rows of the plantation, because of the advantageous site conditions (bigger growing 

space, more light and water) has larger base diameter, as the other individual of the plantation. In some 

cases the harvest of these trees (cutting) requires higher capacity machines or different harvest method. 

The costs of harvesting pending on the gross charges takes the producing costs 50-80%, so the small 

harvest cost and the choose of the optimal harvesting method is a key factor [4]. The short rotation 

wood energy plantations cut(harvest) working system essentially determine the producing technology 

(rotation, initial spacing), the type of harvesting(chopping, rolling or wholetree) and the size of the 

area [5]. 
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Harvest working systems: 

Depend on the rate of harvesting mechanization the following workin systems can isolated:  

 manual harvesting; 

 mechanical multiple harvest (periodic, multiphase, multipass); 

 mechanical single havesting (singlepass). 

The type of the stand – coppicing or roller wood energy plantation – need to take into consideration by 

the choosing of working systems. 

 

Table 1. To working systems belonging engine types and line-up 

Mechanical harvest working systems Copping energy platation Roller energy platation 

Manual harvesting 

Clearing saw Chain saw 

  

  

The U-bolt chain saw 

Chain saw 

M
ec

h
a
n

ic
a
l 

m
u

lt
ip

le
 h

a
r
v
es

ti
n

g
 

Cutting and 

controlled 

felling 

machines 

Feller machines 

Mounted logging machine 

  

  
Crane power machine 

with circular felling head 

(eg.: Bracke C12.a) 

Feller-bunhcer 

Crane power machine 

with pressing knife felling 

head 

(eg.: Schnitt-Griffy HS 850) 

Crane power machine 

with feller-collector head 

 (eg.: Naarva Grip 1500) 

Crane power machine 

with feller-collector head 

(eg.: Naarva Grip 1500) 

Feller-bunhcer 

(eg.: TimberPro TB630) 

Harvested timber processing 

machines 

Branchwood-bundler 

machines 

(eg.: John Deere 1490D) 

Mobile chipper 

 (eg.: Mus-Max Wood 

Terminator 8XL) 

  
Mobile chipper 

(eg.: Junkkari HJ500) 

Forwarder machines 

Forwarder inuts  

(tractor with trailer) 

Forwarder inuts  

 (tractor with trailer) 

Forwarders 

(eg.: Valmet 860.3) 

Forwarders  

(eg.: Valmet 860.3) 

Collector-forwarders 

(eg.: Ponsse Buffalo Bio) 

Collector-forwarders 

 (eg.: Ponsse BTS) 

  

  

Choker skidders 

(eg.: LKT 80) 

Clam bunk skidders 

(eg.: HSM 904F Kurz) 

Grapple skidders 

(eg.: HSM 904Z) 

Feller and collective processing 

machines 

Roliing bundlers 

 (eg.: Salix maskiner) 

Harvesters 

(eg.: Ponsse Ergo 8WD) 

Rolling-balers 

 (eg.: Biobaler-WB 55) 
Feller-bundlers 

 (eg.: Valmet-Fixteri) 

  
Feller-bundlers 

 (eg.: Valmet-Fixteri) 

Feller-forwarder machines 
Windrowing-collector-

forwarders 

Feller-collector head 

equipped forwarders 
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 (eg.: Sagerslätt Empire 

2000) 

 (eg.: Valmet 860.3 + 

Bracke C16.b) 

Feller-collector head 

equipped forwarders 

 (eg.: Valmet 860.3 + Bracke 

C16.b) 

 

Clarm bunk feller-

buncher 

 (eg.: TimberPro TS840) 

M
ec

h
a
n

ic
a
l 

 

si
n

g
le

 h
a

rv
es

ti
n

g
 

Mounted machines 

Three-point hitch 

 (eg.: OPTIGÉP 2.) 
  

  

  
Front attached 

 (eg.: Göttinger type) 

Towed  machines 
Towed rolling chippers 

 (eg.: Opti VFA) 
 

Self-moving machines 

Normal rolling chippers 

 (eg.: New Holland 

with130FB adapter) 

Chipper-harvester with 

container 

 (eg.: Valmet 801 Combi 

BioEnergy) 

Container rolling chippers 

 (eg.: Claas Jaguás HS2 with 

container) 

Feller- chipper with 

container 

 (eg.: Preuss-Silvatec) 

 

3.1. Manual harvesting 

In case of smaller ground plantations can this method applied. The tool of cutting from base an 

controlled felling – by coppicing stands – is clearing saw, the U-bolt chain saw and chain saw. The U-

bolt chain saw can use to cut trees with at worst 10 cm diameter. The tool of roller wood energy 

plantation harvest is the chainsaw. The chopping of timber can materialized in the following ways:  

- The timber chopped with mobile choppers, then transport it to the place of use.  

- They forward the timber to the edge of the ground or to a for this formed landing, where later 

the chopping happens with a mobile or installed chopper. The chips transported by vehicles to 

the users.  

 

 

3.2. Mechanical multiple harvesting 

In case of mechanical multiple harvesting the harvest and chopping of timber in different time – in 

some cases on different places – comes true. The havesting, the hauling and processing work phase 

made by variable machines. The make of chops could done at felling site, at landing or at the place of 

use. (Figure 1. Schnitt-Griffy HS 850 - Crane power machine pressing knife felling head) 
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Figure 1. Schnitt-Griffy HS 850 - Crane power machine pressing knife felling head [8] 

 

3.3. Mechanical single harvesting 

By mechanical single havesting the base cutting and chopping happens at once. The used machines do 

the felling, the chopping and deliver it to a storage unit (container, trailer). (Figure 2 Preuss-Silvatec- 

Feller chopper with container) 

To the each working system belonging machine types and their line-up includes Table 1. Considering 

the economical aspects, need to intent on using machines, that for them in off-season cannot grant 

work on agri- and sylvicultural areas.  

The harvesting and transporting tasks influenced by several factors. It merely claims complex planning 

to choose the method of harvesting, which encumbered by the defining of different transporting 

opportunities.  The continuously changing and suddenly arising influencing factors, such as weather, 

can throw a spanner into the works and induce rapid redesign tasks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Preuss-Silvatec- Feller 

chopper with container [9] 

 

4.Utilization of energy plantation timber 

By the harvesting of energy woods – depend on their size, form and quality attributes – could be 

formed industrial wood, but frequetly chops or other product produced. From industrial wood 

assortment mostly just pulpwood for boards, particle board bolt, pulpwood figured, that can give the 

source material of veneer plywood, paperboard, chemical pulp production. The chops usually goes to a 

heating- or power plant, but gives the base of pellet-, briquett- and biofuel (biomass to liquid) 
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production. Other exploitations have to be mentioned like nursery, flower arrangement and the make 

of ornamental pieces, and baided baskets. 

The delivery of timber of energy plantations to the user seems to be easier, like assortment 

transporting, but from the timber crop production forests, but that’s not true. The well built logistic 

system makes wooden chips transportation from energy plantations for power plant use smooth, and 

for this we require: 

 The coordinates of the energy plantation need to be harvested or of the chips disposal site 

 The computer planning of the transporting to the power plant 

 Continuous, updated data traffic between the participants of the system (Figure 3) 

 For the computer control of harvesting (chipping, drying), loading and transfer. 

The chips transporting in logistics systems several benefits realisable. The wooden chips using plant 

have for ex. exact, updated information about the amount, quality and delivery of the material. The 

efficiency increasable, while there’s a chance of rapid and optimal planning, from wich a detailed an 

easily re-shaped transportation plan can be prepared. The amount of harvested timber known from the 

central database, so the supply capacities can be fixed to actual quantities. Online information is at the 

operators (harvester, chopper operator) disposal, so with known suitable coordinates the site of the 

work easily and quickly can be visited. Performance data of their work fixable updated. For the owner 

an manager of the land the place of a plantation and it’s area clearly defined, the yield datas and the 

quality of timber is at service [1]. 

 

 

Figure 3. Chop-production and delivery logistic system 

 

5. Liquidation of energy plantations 

Once the energy plantations have been eliminated, the state prior to the installation has to be 

restored.After last harvesting, the stumps, roots need to be remove and execute deep-ploughing on the 

ground onto which the equivalent is a three-point hitch, TLT driven, central positioned, reinforced 

special stump biter. The aim of the procedure is the machining of major proportion of stump and root 

parts and the deep-ploughing becomes possible with which the agricultural land-use assured.  
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6. Conclusion 

Summerizing, it can be stated that the harvesting operation in the cultivation technology of energy tree 

plantations is of the most importance both technically and economically. In order to have the timber in 

the right quantity and in time for the power producer unit to have access to a well-established logistics 

system is required. 
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Abstract. Pellets are not only made of wood or herbaceous plants. The use of various waste 

materials and their mixtures can also be used for energetic purposes. Waste pellets can be used 

in larger industrial plants or in combustion plants with appropriate flue gas cleaning and 

filtering equipment. During the research, pellets were produced of varying proportions of paper 

sludge and pine wood shavings as wood industrial by-products. The energetic properties of 

pellets and raw materials were investigated and extended our previous researches to produce an 

estimated energy balance for the use of paper sludge as pellet. The energy utilization of paper 

sludge is important because it is produced in large quantities in pulp and paper plants.  

1. Introduction 

The deposition or use of large amount of paper sludge which apperears during papermaking process 

creates a big challenge for producers. The effect of the tightening of EU environmental rules is also 

applied in Hungary. It is getting harder and more costly to deposit waste. This problem also affects the 

paper industry more sensitively because, due to the technology of cellulose and paper production, 

waste and byproduts are generated that can not be directly used in a particular factory. These materials 

are either excreted as wastes within the technological process, or they are separated as a sludge in 

sewage treatment equipments. In the worst case - they leave the system together with running water. 

Of course, it is important to ensure that the effluent that leaves the factory contaminates the recipient 

waters as little as possible. Therefore, it is necessary to close the factory's circular water system as 

perfectly as possible, but it is also important to manage and clean the wastewater, which can be used to 

filter out floating and dissolved pollutants in the waste water. This, however, is another problem, 

namely, it requires a solution to the disposal of paper sludge [1]. 

The Hungarian literature dealing with paper sludge utilization is first published in 1994 by Isopy-

Hernádi. They explore the possibility of energy use, but the study of paper sludge compression does 

not find domestic sources of literature. There is only few research in the field of paper sludge 

combustion technolgy, a study on a pelleting experiment is related to the topic, Kilborn-Wiever's 1984 

research[2]. During their work, the properties of bark wood and paper sludge pellets were investigated 

and the economic questions of recovery were explored. In his dissertation Pozsmik dealing with 

environmental management issues of paper companies, covering the topic from an economic point of 

view [3]. The use of paper sludge in construction industry opportunities Szűcs-Badacsonyi published a 

study [4]. A study deals with the various possibilities of utilization and the centrifugation and drying 

67



2019 5th International Conference on Environment and Renewable Energy

IOP Conf. Series: Earth and Environmental Science 307 (2019) 012010

IOP Publishing

doi:10.1088/1755-1315/307/1/012010

 

 

 

 

 

 

of sludge. [5]. The conversion of paper sludge to ethanol and energy utilization has already been 

investigated in 2003 [6]. 

The utilization of "black liqour" as name in literature spread is known in the EU as 12.8 million tonnes 

in Sweden and 11.5 million tonnes an year in Finland, with more than half the EU utilization in the 

two countries. Most of the paper sludge is used for its own energy supply, while recovering the energy 

during the gasification process. Of course, in these countries, the volume of wood-based paper 

production is the largest, while the major raw materials from other big producers, Germany and France, 

already have a higher level of recycled paper raw material [7]. Most of the related literature deals with 

the investigation of paper sludge gasification processes [8,9,10,11].  

 
2. General and material characterization of paper sludge 

From the point of formation place, two main parts can be distinguished: one is within the 

technological process, the other is the sludge resulting from the sewage treatment. Sludges produced in 

the technological process include materials from pulper and waste treatment equipment (graded 

materials for sand dredges and cleaners). The sludge produced during the treatment of sewage is a 

characteristic component of the scraping agent and filler material[12]. 

The EWC code number of the waste: 

03 Fabric and cellulose suspension from paper production, wood processes and cardboard paper 

production 

03 03 cellulose fiber suspensions, paper and cardboard manufacturing and processing wastes 

03 03 10 fibrous residues, sludge filler material and sludge from mechanical separation 

The annual volume in Hungary is 50,000 tons, according to Dunapack Zrt. and BME surveys, of 

which 42,000 tons are deposited. Its composition is variable, with an average of 6-40% of inorganic 

material, of which 6-27% SiO2, 13-17% Al2O3. Its main component is cellulose, 30-34%, 

hemicellulose 12-15%, lignin 11-15%. It may also contain other metallic materials, Fe2O3 0,2-0,5%; 

CaO 0,8-2,6%; MgO 0,1-5,3%[1]. 

Because of the high inorganic content, energy recovery is difficult because often large amounts of ash 

and slag are produced. Ash content have been studied, so it is particularly important when examining 

the use of paper sludge in combustion. 

PH is slightly alkaline, behaving like plant wastes in the environment, it will corrode and humify itself. 

Stored in the environment, such as in soil, it changes soil microbial composition, causing the relative 

enrichment of cellulose decomposers (fungi and bacteria). The high degree of enrichment of these 

microorganisms also increases the biological control of the other nutrient content of the soil, such as 

nitrogen, so that N is incorporated into these microorganisms, and the plants grown on the soil can 

temporarily suffer from a N deficiency. 

The temporary plant nutrient deficiency, on the other hand, results in an improvement in the nutrient 

supply and humus content of the soil following the breakdown of the paper sludge (and the destruction 

of degrading microorganisms). The substance is not dangerous, although its mild alkalinity and high 

cellulose content temporarily alter the microbiological and nutritional balance of the soil. Therefore, it 

should follow by monitoring or estimating and testing in advance.[12] 

 Due to the high carbon-to-nitrogen ratio, direct application to the soil, like the effects of 

uncompanded organic waste or untreated fertilizer, results the pentosane effect and high degree of 

enrichment of cellulose decomposing and sugar-producing species. 

The most common and most commonly used utilization methods found in the literature are soil filling, 

reuse in paper production, incineration, agricultural utilization (fiber sludge improves soil structure, 

water retention, water permeability and reduces irrigation requirements). New possibilities for paper 

sludge utilization: construction use (cement and brick production), heat-insulating materials and 

additives, methane gas production, etanol, egg tray. [1,2, 13,14]. 

N-containing materials (sewage sludge, pig and poultry slurry) can be composted as mixed additive. 

[15]. 

 

3. Materials and Methods 
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The approx. 60 kg of paper sludge prior to the tests was 30% moisture content. Therefore, the material 

was spread as natural drying, and pelleting started two days later, moisture content was measured to 

reach the optimum 11-12%. The material was compacted into small pieces of 0.5 to 2 cm thick and it 

was easy to crumble. The size of the fraction required for pelleting was produced with a hammer 

grinder. The average of the measurement results of the fractional analysis is illustrated by the 

following diagram. 

 

 
 

 Figure 1. Fraction analysis of paper sludge 

After grinding 50 to 55% of the material was in the range 2.5 to 1 mm. Then the paper sludge was 

mixed in different proportions to the pine-based wood shavings. The pelletization was carried out with 

a Kahl type pellet press with flat sticker and feeding system. 

 
 

Figure 2. Pellet press and feeding system 
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We investigated the changes in ash content and calorific value of pure paper sludge and mixtures of 

different proportions. The heating value was determined by calorimetric tests. The ash content was 

mesured by glow furnace system. The moisture content was continuously measured by automatic wet 

content analyzer. 

 

4. Results 

Paper sludge, as it contains large amounts of inorganic SiO2 and AlO3, has high ash content. The ash 

content was determined by a glow furnace test, the average of five samples was 39.8%. The calorific 

value was 11.8 MJ/kg for dry matter and 10.7 MJ / kg at 11% moisture before pelletization. By 

increasing the mixing ratio, a linear rise in ash content was expected, as demonstrated by the following 

equation, as shown in the first table. 

 

Table 1. Ash content change in paper sludge and wood blend pellets 

paper sludge mixing 

ratio % 

5 10 20 30 40 50 

ash content % 3,1 6,5 9,8 12,7 16,2 19,6 

 

X denotes the mixing ratio, y the ash content of the samples. The a and b values of a * x + b = y  ̄

equation are the parameters of the regression equation. From a practical point of view, the intersection 

points are also important, as can be conclude the ash content of the base material. In the third figure, 

the ash content results and the regression line are visible. 

 

 
Figure 3. Ash content change and regression line in blend pellets 

 

The calorific value is decreased, as expected with the increase in paper sludge. Measurements were 

repeated three times, the mean of the results is shown in table 2. 

In the course of our previous researches we are dealing with wood pellets and agripellets energy 

balance and EROEI (Energy Returned on Energy Invested), by the amount of invested and recoverable 

energy[16]. When using paper sludge as a pellet, EROEI values are considerably smaller due to the 

relatively low calorific value than wood pellets or agripellets. The other problem is high humidity, to 

achieve optimum levels of 11-12% under operating conditions, significant energy input need for 

drying. Although there is no industrial data on pelletizing energy for paper sludge, an approximate 

y = 0.401x + 0.45 
R² = 0.9611 
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value can be provided. An average value was taken into account from the technological energy 

demands presented in the previous research of wood pellet production (120 MJ / t for delivery, 1700 

MJ / t for primary electric energy of pelletizing pellet, 1500 MJ / t for drying, 200 MJ / t for pellet 

delivery, etc.) so you can enter an estimated value for energy input. Assuming 80% efficiency in 

recovery, the calorific value of the samples tested can be estimated by the amount of recoverable 

energy[14]. By increasing the mixing ratio of the paper sludge due to the decreasing heat values, the 

EROEI values, of course, are also lower. Since the amount of recoverable energy is much lower than 

pure wood pellet, the EROEI estimates are also lower, at 50% mixing only around 2-3. 

 

Table 2. Heating value of paper sluge and wood blend pellets 

Mixing ratio of 

paper sludge 

% 

Heating value 

MJ/kg 

5 17,5 

10 16,9 

20 16,1 

30 15,3 

40 14,6 

50 13,8 

 

5. Conclusions 

The use of paper sludge as pellet raises a number of questions. Because of the high ash content, there 

is a problem with the equipment used for residential use, so only industrial scale utilization can be 

optimal. However, even in this case, there may be a problem due to high content of SiO2 and AlO3 due 

to possible slag formation and deposition. Attempts were made to firing paper sludge in power plants, 

co-firing technique could be a solution to the problem. The high moisture content of the sludge is also 

problematic during the pelletisation, because in order to achieve optimum moisture content of 11 to 12% 

for pelletization, it would be necessary to obtain significant energy input for drying under operating 

conditions. And the calorific value is much lower than in wood pellets, so the estimated EROEI values 

are low. In the case of energy, it would be optimal to produce pellets if some kind of waste heat was 

used in the drying process of paper sludge. 
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Abstract. Ag-Ti-RH-MCM-41 samples were prepared via rice husk silica with in-situ (one-pot) 

and ex-situ (sequence) methods to improve the antibacterial property on RH-MCM-41 and Ti-

RH-MCM-41. Thus, this work proposed to investigate the antibacterial property of these 

materials using gram-negative Escherichia coli (E. coli) and gram-positive Staphylococcus 

aureus (S. aureus) and compared with TiO2 (rutile), RH-MCM-41 and Ti-RH-MCM-41. The 

XRD represented MCM-41 showed the broad peak of 100 at 2 theta equal to 2.2° after adding 

Titanium and Silver on RH-MCM-41. The XRD spectrum represented Titanium and Silver 

showed the characteristic peaks of anatase TiO2 but Ag nanoparticles (AgNPs) diffraction 

peaks did not clearly present in Ag-Ti-RH-MCM-41 (in-situ). On the other hand, the XRD 

spectrum of Ag-Ti-RH-MCM-41 (ex-situ) presented the small peaks of AgNPs according to the 

formation of AgNPs during calcination. Antibacterial efficiency of samples was tested via 

inhibited zone test (clear zone). The Ag-Ti-RH-MCM-41 (in-situ) and Ag-Ti-RH-MCM-41 

(ex-situ) exhibited the antibacterial against while RH-MCM-41 and Ti-RH-MCM-41 did not 

present the antibacterial performance. Thus, Ag-doped Ti-RH-MCM-41 can improve the 

antibacterial property on RH-MCM-41 and Ti-RH-MCM-41. 

1. Introduction 

Mesoporous RH-MCM-41 and Ti-RH-MCM-41 are developed from rice husk silica with sol-gel 

process using microwave heating to improve their crystallinity. These materials present the special 

properties such as high surface area (700-1500 m2 g-1), ordered hexagonal pore (pore size is about 2-50 

nm) and thermal resistance. Thus, these material are applied for a lot of environmental protection such 

as adsorption, catalyst support and catalyst by photocatalytic process [1,2]. Impregnation of Titanium 

dioxide (TiO2) on RH-MCM-41 can enhance the photocatalysis and produce the electron and hole to 

generate the "Super Oxide" (O2-) and " Hydroxyl radical" (OH·). Super oxide and hydroxyl radicals 

effectively degrade the toxic compounds such as organic matter, inorganic matter and some bacteria 

contaminate in environment to be carbon dioxide and water [3,4]. The limitation of Ti-RH-MCM-41 is 

the photocatalysis can only process under UV irradiation (short wavelength 387 nm) with energy 

requirement and light protection equipment. Thus, noble metal is a breakthrough, especially silver (Ag) 

is selected to improve Ti-RH-MCM-41. The results show that Ag-Ti-RH-MCM-41 can active under 

visible light which Ag can trap the electron from TiO2 and reduce a wide band gap of TiO2 [5]. 

Methylene blue (MB) is degraded under visible light with the efficiency of 68% under visible light 

irradiation. However, the application of Ag-Ti-RH-MCM-41 on antibacterial is necessary to 

investigate for environmental applications such as air or water filter. Thus, this research aimed to 

examine the antibacterial property of the Ag-Ti-RH-MCM-41 (in-situ) and Ag-Ti-RH-MCM-41 (ex-
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situ) material preparing from rice husk silica which were heated with microwave irradiation and 

synthesized with sol-gel technique. The materials were characterized with XRD, UV-DRs and TEM. 

Gram-negative bacteria (Escherichia coli, E. coli) and gram-positive bacteria (Staphylococcus aureus, 

S. aureus) were used to evaluate the antibacterial efficiency of the Ag-Ti-RH-MCM-41 (in-situ) and 

Ag-Ti-RH-MCM-41 (ex-situ) and compared with TiO2 (rutile), RH-MCM-41 and Ti-RH-MCM-41. 

2. Methodology 

2.1 Ag-Ti-RH-MCM-41 synthesis 

RH-MCM-41 and As-synthesized RH-MCM-41 was synthesized by a molar ratio of 1SiO2: 1.09NaOH: 

0.13CTAB: 120H2O, synthesized method was adapted from Grisdanurak, et al. (2015) [2,9,10]. Then, 

Ti-RH-MCM-41 preparation was followed Klankaw, et al. (2012) method [1]. Ag-Ti-RH-MCM-41 was 

prepared was prepared with a molar ratio of 1Ti(OC4H9)4:18CH3CH2OH:0.5C5H8O2: 2H2O:0.2HNO3: 

0.1AgNO3(10mol% Ag) [8,11] and Ag-Ti-RH-MCM-41 was prepared via in-situ (one-pot) and ex-situ 

(sequence) methods with microwave irradiation. As-synthesized RH-MCM-41 was used as a precursor 

to prepare Ag-Ti-RH-MCM-41 (ex-situ) mixing with Ag doped TiO2 precursor solution (mixture of 

TBOT, acetyl acetone, ethanol, H2O was dissolved into the AgNO3 solution). Then, the white solution 

was heated with domestic microwave at 100 watts for 30 min and then the filtered powder was 

calcined at 550 °C for 5 h. For Ag-Ti-RH-MCM-41 (in-situ), RH-MCM-41 solution was directly 

mixed with Ag doped TiO2 precursor solution before heated with domestic microwave at 100 watts for 

30 min and then the filtered powder was calcined at 550 °C for 5 h. The synthesized powder of TiO2 

rutile, RH-MCM-41, Ti-RH-MCM-41, Ag-Ti-RH-MCM-41(ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) 

were glazed on recycled polystyrene plastic substrate with diameter about 6 mm. 

2.2 Characterizations of the Ag-Ti-RH-MCM-41 

The phase compositions of samples were characterized by X-Ray Diffractometer (XRD: Rigaku 

TTRAX III, Japan). The arrangement structure and pore of samples were token the photographs by 

transmission electron microscope (TEM: Technai 20, Philips) at voltage up to 200 kV. UV-visible 

adsorption spectra of samples were analyzed with a UV–visible diffuse reflectance spectrophotometer 

(UV-DRS: UV 4100, Shimadzu) in the range of 200-800 nm. 

2.3 Anti-bacteria properties test 

Gram-negative Escherichia coli (E. coli) and gram-positive Staphylococcus aureus (S. aureus) were 

used for bacterial inhibition test. TiO2 rutile, RH-MCM-41, Ti-RH-MCM-41, Ag-Ti-RH-MCM-41 

(ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) were evaluated and compare the antibacterial efficiency. 

Bacteria were cultured in Nutrient broth (NB) after that frozen bacterial stocks had been defrosted. The 

culture medium was incubated at 37 °C for 24 hours. A single colony of bacteria was taken into 

Nutrient agar (NA), then diluted with serial dilution and spread on Mueller Hinton Agar by the Kirby-

Bauer antibiotic test (agar disk diffusion method). The samples were pressed in MHA and incubation 

at 37 °C for 24 hours, then the diameter of the inhibited zone was measured. 

 

3. Results and Discussion 

3.1 Material characterizations 

Figure 1(a). shows a typical XRD spectra of all samples which present the characteristic peaks of the 

MCM-41 at 2θ equal to 2.2°, 3.9° and 4.4° corresponding to hkl reflection planes (100), (110), and 

(200), respectively, except Ag-Ti-RH-MCM-41 (in-situ). This result due to the silicate framework (Si-

O-Si) of RH-MCM-41 was infested with atom of Ag and Ti and destroy the hexagonal pore structure. 

One pot method is possible to generate the cooperated framework of Ag, Ti, Si and O during liquid 

crystal phase under the microwave heating [1]. Generally, the XRD diffractograms of the anatase TiO2 

present at 2 theta equal to 25.3° (101), 37.9° (004), 48.1° (200), 53.9° (105), 55.0° (211) and 62.7° 

(204) following JCPDS 21-1272 standard peak of anatase TiO2 while XRD peaks of Ag nanoparticles 

74



2019 5th International Conference on Environment and Renewable Energy

IOP Conf. Series: Earth and Environmental Science 307 (2019) 012011

IOP Publishing

doi:10.1088/1755-1315/307/1/012011

exhibit at 2 theta equal to 38.1° (111) and 44.2° (200) following JCPDS 03-0921 standard peak of Ag 

nanoparticles. The XRD spectrum of Ag-Ti-RH-MCM-41(In-situ) show the characteristic peaks of 

anatase TiO2 at 2 thetas equal to 25.3° (101) but Ag nanoparticles (AgNPs) diffraction peaks does not 

clearly present. On the other hand, the XRD spectrum of Ag-Ti-RH-MCM-41 (ex-situ) presented the 

small peaks of AgNPs at 2 thetas equal to 38.1° (111) and 44.2° (200) according to the formation of 

AgNPs during calcination. 
 (a) 

 
(b) 

 
Figure 1. XRD patterns of Ag-Ti-RHMCM-41 powder (a) RH-MCM-41 (b) TiO2 and Ag. 

 

 

The UV-visible absorptions with of samples were examined by coated sample powders on a recycled 

polystyrene (recycles-PS) plastic and analyzed the absorption in a wavelength range from 200 to 800 

nm with diffuse reflectance spectroscopy as presented in Figure 2. The absorption peaks show high 

adsorption in the wavelength range from 200 to 400 nm representing the adsorption characteristic of Ti 

and Si on RH-MCM-41, Ti-RH-MCM-41, Ag-Ti-RH-MCM-41 (ex-situ) and Ag-Ti-RH-MCM-41 (in-

situ). However, Ag-doped on Ti-RH-MCM-41 led to increase the visible light adsorption in the 

wavelength range from 400 to 800 nm of Ag-Ti-RH-MCM-41 (ex-situ) and Ag-Ti-RH-MCM-41 (in-

situ). In additions, the adsorption spectra of Ag-Ti-RH-MCM-41 (in-situ) at lowest absorbance shift to 

the visible light region, due to the bonding of Ag in Ti-O-Si framework. This result causes the band 
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gap energy of Ti-RH-MCM-41 reduce from 3.23 eV to be 2.89 eV for Ag-Ti-RH-MCM-41 (in-situ). 

This phenomenon means that Ag-dope on Ti-RH-MCM-41 can improve the photocatalytic efficiency 

under visible light. 

 

Figure 2. UV–visible absorption spectra (diffuse reflectance) of Ag-Ti-RHMCM-41. 

 

 

Table 1. Comparison band gap energy of Ag-Ti-RH-MCM-41 

Sample             

RH-MCM-41 310 4.00 

TiO2 (Rutile)[12] - 3.03 

Ti-RH-MCM-41 385 3.23 

Ag-Ti-RH-MCM-41(ex-situ) 386 3.22 

Ag-Ti-RH-MCM-41(in-situ) 430 2.89 

 

 

The hexagonal pore structure of samples was analyzed from TEM images as illustrated in figure 3. 

TEM results show that the hexagonal arrangement of RH-MCM-41 characteristic are disappeared on 

Ag-Ti-RH-MCM-41 (in-situ), according to the incorporation of Ag, Ti, Si and O in RH-MCM-41 

hexagonal framework (Figure 3(c)). While TEM image of Ag-Ti-RH-MCM-41 (ex-situ) exhibits the 

hexagonal pore structure and the dark spot of AgNPs (Figure 3(a)) as same as the original RH-MCM-

41 (Figure 3(b)) [13]. This results also relate with XRD results that show peak of AgNPs and RH-

MCM-41 on Ag-Ti-RH-MCM-41 (ex-situ) but they do not appear on the XRD spectrum of Ag-Ti-RH-

MCM-41 (in-situ). 

 

3.2 Antibacterial 

Bacterial inhibition efficiency of TiO2 (rutile), RH-MCM-41, Ti-RH-MCM-41, Ag-Ti-RH-MCM-41 

(ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) were tested with two species of bacteria, gram-negative 

Escherichia coli (E. coli) and gram-positive Staphylococcus aureus (S. aureus). The sample powders 

were coated on recycled polystyrene (recycles-PS) plastic with diameter 6 mm. Ag-Ti-RH-MCM-41 

(ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) present the inhibition zone on both bacteria. The inhibition 

of E. coli on Ag-Ti-RH-MCM-41 (ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) are 1.08 and 1.11 cm, 

respectively. The inhibition S. aureus on Ag-Ti-RH-MCM-41(ex-situ) and Ag-Ti-RH-MCM-41(in-situ) 
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are 0.95 and 1.00 cm, respectively. This antibacterial efficacy results from photocatalystic process that 

TiO2 can generate the "Super Oxide" (O2-) and " Hydroxyl radical" (OH·) to inhibit the bacteria cell. In 

addition, AgNPs of Ag-Ti-RH-MCM-41 can damaged the cell wall of the bacteria and inhibit the 

growth of bacteria. 

  

(a) (b) 

 

(c) 

Figure 3. TEM images of (a) RH-MCM-41 (b) Ag-Ti-RH-MCM-41 (ex-situ) 

(c) Ag-Ti-RH-MCM-41 (in-situ) 

 

 

Table 2.  Radius of bacterial inhibition of Ag-Ti-RH-MCM-41 

Sample 
inhibiting area (cm.) 

E. coli S. aureus 

RH-MCM-41 0 0 

TiO2 (Rutile) 0 0 

Ti-RH-MCM-41 0 0 

Ag-Ti-RH-MCM-41(ex-situ) 1.08 1.11 

Ag-Ti-RH-MCM-41(in-situ) 0.95 1.00 
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E. coli 

 

S. aureus 

 

Figure 4. Anti-bacteria properties test of Ag-Ti-RH-MCM-41  

(A: Control, B: RH-MCM-41, C: TiO2 (rutile), D: Ti-RH-MCM-41,  

E: Ag-Ti-RH-MCM-41 (ex-situ), F: Ag-Ti-RH-MCM-41 (in-situ)) 

 

 

4. Conclusions 

In this research, Ag doped into Ti-RH-MCM-41 can enhance the photocatalytic process of Ag-Ti-RH-

MCM-41 (ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) under the visible light. The antimicrobial test 

shows the inhibited zone on Ag-Ti-RH-MCM-41 (ex-situ) and Ag-Ti-RH-MCM-41 (in-situ). However, 

the crystallinity characteristic of Ag-Ti-RH-MCM-41 (ex-situ) and Ag-Ti-RH-MCM-41 (in-situ) 

present unwell arrangement of hexagonal pore structure that need to be improve in future work. 
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Abstract. In managing regional environmental-economic systems, it is significant to design a 

comprehensive total emission control (TEC) policy. In this paper, an optimal TEC model with 

an input-output analysis is established to maximize the total production profit of all the 

economic sectors. With an empirical application of the model on reducing total CO2 emission 

in China, a TEC policy scheme is approximately calculated by using the national input-output 

table to give optimal solutions respectively for total production, final use and the 

corresponding CO2 emission of each sector. Finally, the key sectors most responsible for total 

emission reduction are identified, and then the impacts of improving emission intensity 

coefficient of the sector with the highest emission share are analysed quantitatively on the 

allocations of total CO2 emissions set as the TEC target by policy maker.  

1. Introduction 

The global warming has recently been becoming a serious problem with great concerns in the world. It 

is actually a big challenge for human survival and development. Climate change is mainly resulted 

from combustion of fossil fuel and other human living activities, which make a great increase in 

emission of greenhouse gases (GHG), such as CO2, specifically. In the past decades China has 

experienced energy and environmental problems. In 2010 China became the world's largest energy 

consumer and then has the largest CO2 emission in the world. According to the statistics released at 

the 2015 Paris Conference on Climate Change, China's greenhouse gas emissions account for about 

20% of world emissions [1]. With the background, early in 2009, Chinese government made the CO2 

emission intensity reduction commitment that during the period of years 2005-2020, the emission 

intensity per GDP in China must be decreased by 40-45% of the value based on year 2005. Later on 

November 12, 2014, China and the United States jointly issued the "Joint Statement on Climate 

Change between China and the United States", in which the Chinese government proposed that the 

CO2 emissions should be at peak around 2030 and China would make every effort to reach the peak as 

soon as possible [2]. Also, this target of controlling CO2 emission is promised by China at the Paris 

Climate Conference in 2015. In order to achieve this target, China has stepped up to build a 

nationwide carbon trading market which is expected to start in 2017 [3]. Since the time of reaching the 

emission peak has been determined, the key topic is becoming on how to make it realized actually.  

For solving such a global environmental problem, adequate environmental-economic policies are 

required at the regional, national and international levels. As such a policy approach, the total emission 

control (TEC) has been becoming a remarkable option recently because it is generally an effective 

means in both making a full use of the natural absorption capability and protecting the environmental 

quality in the region as well.  

In fact, in order to reach the environmental target either for the emission intensity reduction or for the 

emission peak control on total CO

2

 emission in China, it is essentially important to control the total 
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emission among all industries [4]. In other word, it’s actually a problem of how to design and then 

enforce an effective policy of total emission control [5].  

Also as a significantly useful tool, input output analysis is widely used for policy maker to analyse 

policy schemes in a multi-regional systems [6,7,8] or multi-sectoral systems [9,10]. Applying input-

output techniques allows us to trace the direct and indirect CO2 emissions related with energy 

consumption in production processes [11,12,13]. The most applications are usually focused on 

investigating methodological instruments for identifying the economic factors responsible for the 

increase of environmental emissions [14,15,16,17,18] . 

The aim of this paper is to develop methodologically an optimal TEC model with an input-output 

analysis in a multi-sectoral system to maximize the whole production profit among all the sectors and 

then discuss quantitatively an empirical application for reducing total CO2 emission in China. 

Specifically, by using the China’s national input-output table, we first apply the model to calculate an 

optimal TEC policy scheme, respectively for total production, final use and the corresponding CO2 

emission by each sector. Based on the results, we also identify the key sectors most responsible for 

total emission reduction and finally quantitatively analyse impacts of improving emission intensity 

coefficient of the sector with the highest emission share on the allocations of total CO2 emission set as 

the TEC target by policy maker. 

2. The optimal TEC model based on an input-output analysis 

 

2.1 The basic representation of the input-output model 

We assume that there are n sectors in a given regional environmental-economic system and each 

sector i produces product i (goods and services) as total output (production) Pi (in monetary units) to 

meet the final use (demand) Fi, and thus generates the environmental emission Xi.  Then we can get 

the basic input-output equation below. 

             n 

                        Pi = ∑aijPj + Fi                                     (2.1) 
j=1 

where aij represents the direct input coefficients (technical coefficients), i.e., requirement on sector i 

per unit output of sector j.  

Actually by using in matrix notation, the above expression (2.1) can be described as follows. 

 (I - A)
 
P = F      or      P = (I- A)

-1
F = L F                (2.2) 

where P = [P1, P2, …, Pn]
T stands for the column vector of total output (total production), with element 

Pi representing the total output of sector i;  F = [F1, F2, …, Fn]
T stands for the column vector of final 

use (final demand), with element Fi representing the final use of sector i;  A= {aij} stands for the n×n 

matrix of input-output coefficients, in which an element aij denotes the direct input coefficients, i.e., 

requirement on sector i per unit output of sector j; I stands for the identity matrix; and L = (I-A)
-1

 is 

the n×n matrix of input-output multipliers or Leontief inverse matrix [20], determined by the structure 

of intermediate input and its elements represent the total amount of sector i’s output required both 

directly and indirectly to produce one unit for final use of sector j [21]. 

Let’s define βi as the environmental emission intensity coefficient of sector i (i.e., the amount of the 

environmental emission generated from the per unit output of sector i). Then Xi can be calculated by Pi 

as follows: 

  Xi =βi Pi         or     Pi =βi
-1

 Xi               (2.3) 

Also we can describe the expression (2.3) in matrix notation as follows: 

X = β P       or      P = β -1
 X                                                        (2.4) 

where X = [X1, X2, …, Xn]
T  be the column vector of total environmental emissions, and its elements 

Xi denote the total amount of the environmental emission driven both directly and indirectly by the 

final use of product in sector i; and β is the n×n diagonal matrix of environmental emission 

coefficients, with an elementβi on its main diagonal and zeros elsewhere.  

Now, from the expressions (2.2) and (2.4) we can describe the basic input-output model in matrix 

notation as follows. 
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(I - A) β -1
 X = F           (2.5) 

 

2.2. The model without total emission control.    

In this case, each sector can make decision independently on the production scale taking no account on 

the environmental emission. Therefore sector i will try to get the maximum profit as possible. i.e. 

 
where, Pi (Xi) = Pi is the total production of Sector i; and FMin and FMax

 denote the initial values set for 

the final use vector F. 

Let Xi
0 be the optimal solution for the above model (2.6), then sector i's maximum profit is Pi (Xi

0) and 

the total emission of all sectors is x0  = ∑Xi
0

 ,  Generally, it can be supposed that  x0  is higher than the 

maximum of total emission allowed by the policy maker. Therefore, x0 should be reduced to some 

extent to meet the target of total emission control.  

 

2.3. The model with total emission control. 

For the case of total emission control, we can describe the optimal model in the following form. 

 
where, SB (X) means the total profit of all the sectors which is dependent of the environmental 

emission X; and  x
Total 

denotes the allowed maximum value of total emission decided by the policy maker. 

Let Xi* be the optimal solution for the above model (2.7), then sector i's profit is Pi (Xi*) and the total 

emission of all the sectors is x* = ∑Xi *≦ xTotal
. In the case with the optimal model the policy maker 

can make decision over all the sectors to reach the target of total emission control as well as obtain an 

optimal solution for allocating the allowed total emission among all the sectors to maximize the total 

production profit of all the sectors [19].  

3. Empirical application for CO2 emission control in China 

 

3.1. The data preparation 

3.1.1. The data of input-output table. The application study is based on the data of China’s input-

output table in 2012. From the public website of National Bureau of Statistics of China, we can get the 

data of intermediate use, final use, total output (total production), and the direct input coefficients for 

input output table in 2012 [22]. It is noted that since the statistics only keep stable structure within five 

years, direct input coefficients will be modified in every five years. Due to the lack of similar input-

output tables for years of 2013-2017, as is often done in input-output analyses, we could assume that 

direct input coefficients and Leontief inverse coefficients for the years of 2013-2017 are identical to 

the baseline year of 2012. The input-output tables encompass 17 sectors shown in Table 1. 

 

3.1.2 The CO2 emission coefficients. We found the corresponding data for the CO2 emission 

coefficients shown in [24]. Since the latest data is only for years before 2007, here we can reasonably 

assume that the emission intensity of each sector has been improved with 5% progressive rate per year 

due to technological innovation during the ten years of 2007-2017. With this assumption, based on 

data of year 2007 [24], we calculated the CO2 emission coefficients for years of 2013 to 2017 as the 

empirical data. In addition, because of a lack on data for the two sectors (Sector No.15 and Sector 

No.16), we set the two sectors’ emission coefficients as same as that of the sector of Other Services 

(Sector No.17). See Table 1. 

 

Max.  Pi (Xi) ,     i=1, 2, …, n               (2.6a) 

s.t.         FMin  ≦ (I - A) β -1
 X ≦ FMax

                                       (2.6b) 

                                   n 

Max.   SB (X) = Pi (Xi)                                 (2.7a) 
i=1 

s.t.      FMin  ≦ (I - A) β -1
 X ≦ FMax

   ;              (2.7b) 

                     n 

                                      Xi ≦ xTotal
 
   
.                    (2.7c) 

i=1 
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3.1.3. The target of total CO2 emission control. Setting a suitable emission control target is significant 

in implementing the TEC 

policy.  

Here according to the 

policy simulation results 

reported in [3] (The State 

Information Center of 

China 2018) and the total 

emission targets suggested 

by Chinese Academy for 

Environmental Planning 

[5], it might be reasonable 

to set the allowed 

maximum value for the 

total CO2 emission per year 

at the level of x
Total = 

10,000 million tons as the 

TEC target in this 

empirical application study. 

 

3.2. Results and policy analyses 

In simulating computation, Fi
Min is set by the data of year 2012 and Fi

Max is calculated with a growth 

rate per year as same as that of GDP during years 2013-2017 based on the public data from the 

National Bureau of Statistics of China [23].  

 

3.2.1. The case without TEC policy. Table 2 shows the data for the case without total emission control. 

Here, Xi
0 is the amount of CO2 emission that sector i should be responsible for. Pi

0 and Fi
0 are the total 

production and final use of sector i, respectively.  

It is observed that in this situation, each sector could try to reach its maximum Fi
0 so as to get the 

maximum production profit Pi
0 by itself, and as the result, each sector gets the maximum profit in total 

production independently, and the sum of all the sector’s production profits is 271,109 billion CNY 

(B.CNY). On the other hand, the total emission of CO2 reaches 13,016 million tons (Mt), which is 

much more than 10,000 million tons, the maximum value of the allowed total emission of all the 

sectors. Thus, some kind of TEC policy strategy should be enforced for reducing CO2 emission totally 

by about 3,016 million tons.  

 

3.2.2. The case with TEC policy. Also in Table 2, the results can be seen for the case with a TEC 

policy. In the case, the CO2 total emission is controlled exactly at the level of 10,000 million tons to 

meet the set TEC target and the total production profit of all the sectors arrives at the maximum value 

of 217,870 billion CNY as well.  

In the table, Pi* and Fi* are the total production and final use of each sector. Compared with the 

situation without TEC policy, the sum of the total production profit and the sum of the final use of all 

the sectors are decreased roughly by 53,239 billion CNY and 16,267 billion CNY, respectively. 

Meanwhile Xi* indicates the optimal allocation of CO2 emission to each sector from the maximum 

total emission among all the sectors and in the case with the TEC target, about 3,016 million tons of 

CO2 emission is reduced totally. In the table, △Xi is the amount for each sector to be responsible for 

reducing and ηi  is the percentage for each sector’s share on the total CO2 emission reduction.  

Figure 1 demonstrates visually the optimal scheme of TEC policy for each sector. It is obvious that 

particularly there are three key sectors, i.e., No.6, No.7 and No.10 with the much higher emission 

intensity, which should firstly take the greatest responsibility to control the CO2 emissions. 

Specifically the detailed data can be checked from Table 2. The sector No.6 (Production and Supply of 

Electric Power, Heat Power and Water) with the highest emission intensity is supposed to cut the CO2 

emission from 3,693 million tons to 2,845 million tons; The sector No.7 (Coking, Gas and Processing 

of Petroleum) is required to decrease its emission from 2,597 million tons to 2,010 million tons; And 

finally the sector No.10 (Manufacture and Processing of Metals and Metal Products) is also needed to 

Table 1. Sectors and the CO2 emission (intensity) coefficients βi  

i Sector i βi (Kg/CNY) 

1 Agriculture, Forestry, Animal Husbandry and Fishery  0.0142 

2 Mining  0.0783 

3 Manufacture of Foods, Beverage and Tobacco  0.0083 

4 Manufacture of Textile, Wearing Apparel and Leather Products  0.0074 

5 Other Manufacture  0.0133 

6 Production and Supply of Electric Power, Heat Power and Water  0.4402 

7 Coking, Gas and Processing of Petroleum  0.3506 

8 Chemical Industry 0.0428 

9 Manufacture of  Non-metallic Mineral Products 0.0895 

10 Manufacture and Processing of Metals and Metal Products  0.0896 

11 Manufacture of Machinery and Equipment  0.0030 

12 Construction  0.0028 

13 
Transport, Storage, Post, Information Transmission,  

Computer Services and Software  
0.0500 

14 Wholesale and Retail Trades, Hotels and Catering Services 0.0066 

15 Real Estate, Leasing and Business Services 0.0039 

16 Financial Intermediation 0.0039 

17 Other Services 0.0039 
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reduce its emission from 2,375 million tons to 1,743 million tons. The amounts of emission reductions 

by the three sectors are respectively 28.13%, 19.46% and 20.98% of the total emission decreased by 

the TEC policy. The details about other sectors’ emission reduction shares are shown in Table 2. 
 

Table 2. Results for the case without and the case with TEC policy ( xTotal = 10,000 Mt CO2) 

S
ecto

r  

The case without TEC policy The case with TEC policy  Decrement between both cases CO2 

Emission 

Reduction 
Share 

(%) 

Total 

Production 

Final 

Use 

CO2 

Emission 

Total 

Production 

Final 

Use 

CO2 

Emission 

Total 

Production 

Final 

Use 

CO2 

Emission 

(B.CNY) (B.CNY) (Mt) (B.CNY) (B.CNY) (Mt) (B.CNY) (B.CNY) (Mt) 

i Pi
0 Fi

0 Xi
0 Pi* Fi* Xi* △Pi △Fi △Xi  ηi 

1 14,385  4,043  204  12,169  2,933  173  2,216  1,110  31  1.04  

2 14,166  176  1,109  10,712  125  839  3,454  51  270  8.97  

3 13,228  5,956  109  12,485  5,956  103  743  0  6  0.20  

4 10,220  3,861  75  9,625  3,861  71  595  0  4  0.15  

5 9,452  2,202  125  7,286  1,561  97  2,166  641  29  0.95  

6 8,391  518  3,693  6,464  367  2,845  1,927  151  848  28.13  

7 7,407  758  2,597  5,733  537  2,010  1,674  220  587  19.46  

8 22,642  2,267  968  17,901  1,608  765  4,741  660  203  6.72  

9 6,653  439  595  4,801  311  429  1,852  128  166  5.49  

10 26,511  1,742  2,375  19,452  1,235  1,743  7,059  507  633  20.98  

11 48,539  21,312  143  35,644  15,111  105  12,895  6,201  38  1.26  

12 19,428  18,291  53  13,870  12,969  38  5,557  5,322  15  0.51  

13 14,252  4,383  713  11,025  3,108  551  3,227  1,275  161  5.35  

14 14,652  5,941  96  13,142  5,941  86  1,510  0  10  0.33  

15 12,314  5,139  47  11,206  5,139  43  1,108  0  4  0.14  

16 9,665  1,543  37  8,108  1,543  31  1,557  0  6  0.20  

17 19,203  14,060  74  18,246  14,060  70  957  0  4  0.12  

Sum 271,109  92,631  13,016  217,870  76,364  10,000  53,239  16,267  3,016  100.00  
 

 

 

Figure 1 The results of the case with TEC target of 10,000 Mt CO2 

 

3.2.3. Impacts of changes in emission intensity coefficients.  From data of the CO2 emission reduction 

share in Table 2, it can be seen that the sector No.6 (Production and Supply of Electric Power, Heat 

Power and Water) has the highest share of CO2 emission on the total emission among the 17 sectors 

and is supposed to be most responsible for reducing the total CO2 emission under the TEC policy. 

Therefore here we choose the sector No.6 as an example in simulations to demonstrate the impacts of 

changes in emission intensity of the sector on the allocations of the total emission allowed by TEC 

target among all the sectors. It might be assumed that the CO2 emission intensity in the sector would 

has been declined or improved by 20%, 40%, 60% and 80% respectively. The results calculated by the 
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optimal model (2.5) with the same TEC target of 10,000 million tons are shown in Table 3. In the 
table △Pi = Pi

β - Pi*, △Fi = Fi
β - Fi*, △Xi = Xi

β - Xi*, where Pi
β, Fi

β and Xi
β are the results simulated 

with the improved emission intensity β6 of sector No.6, and Pi*, Fi* and Xi* are the results with the 

initial emission intensity of the sector (see Table 2). Table 3 represents, respectively, the changes on 

total production, final use and CO2 emission allocation of each sector which resulted from changes in 

emission intensity coefficients of the sector No.6. 

 

As shown in Table 3, for the sector No.6 (Production and Supply of Electric Power, Heat Power and 

Water), there is a huge CO2 emission reduction potential, and it is basically necessary to improve the 

abatement technology in the sector so as to decline the CO2 emission per unit of production. For 

instance, when the emission intensity is improved by 20% in the sector, the amount of its own 

emission will decrease by 499 million tons, which meanwhile will have a strong influence and result 

in changes on the amounts of emissions of all the other sectors. As a result, even if keeping the same 

TEC target at the level of 10,000 million tons, the production profit and the final use in total of all the 

sectors will increase by 13,975 billion CNY, and 4,397 billion CNY, respectively. For the other three 

situations with the emission intensity improvement by 40%, 60% or 80%, there are the similar effects 

on all the sectors’ emission allocations of the total emission. The more the improvement is made, the 

stronger the effect is.  

4. Conclusions and policy implications 

Generally speaking, the environmental problems are mainly caused by the process of production and 

consumption. Environmental management is an important part of economic operations in the present 

society. In some meaning, either for the environmental emission intensity reduction or for the emission 

peak control of CO2 emissions in China, it is actually significant to design and then enforce an 

effective policy of total emission control, which should be considered to be a comprehensive solution 

for solving the conflict between environment and economy [25].  

In this paper, we establish methodologically a model to maximize the total production profit among all 

sectors and satisfy the environmental emission control target as well for a multi-sectoral 

environmental-economic system. The optimal TEC model is based on an input-output analysis and 

allows us to allocate the total emissions (quotas) to each sector as optimal TEC policy schemes while 

the economy is growing up. Furtherly it can be used to analyse the impacts of changes in one sector’s 

emission intensity coefficient on all the sectors’ emissions and identify the key sectors most 

responsible for reducing total environmental emission. The model mainly proposes a methodology 

which could be an innovation on how to design quantitatively a suitable TEC policy for a multi-

Table 3. Impact of changes in emission intensity βi of Sector No.6 (Electric, heat power and water) 

S
ecto

r 

20% reduction in 
emission intensity  40%  reduction in 

emission intensity  60%  reduction in 
emission intensity  80%  reduction in 

emission intensity 

△Pi △Fi △Xi 
 △Pi △Fi △Xi 

 △Pi △Fi △Xi  △Pi △Fi △Xi 

1 1,619  1,110  25   1,803  1,110  28   2,008  1,110  31   2,213  1,110  34  

2 634  0  53   1,409  0  114   2,346  0  187   3,350  51  266  

3 345  0  4   477  0  5   594  0  6   739  0  7  

4 213  0  2   401  0  3   507  0  4   594  0  5  

5 1,147  641  16   1,484  641  21   1,916  641  26   2,162  641  30  

6 391  0  -499   825  0  -988   1,294  0  -1,547   1,911  151  -2,175  

7 282  0  120   582  0  225   943  0  351   1,537  102  560  

8 1,150  0  63   2,217  0  108   3,092  0  146   4,724  660  216  

9 109  0  11   383  0  35   1,465  0  132   1,849  128  167  

10 1,558  0  149   3,695  0  340   5,586  0  510   7,044  507  640  

11 4,831  2,646  15   11,253  6,201  34   12,121  6,201  36   12,875  6,201  39  

12 13  0  0   605  560  2   4,901  4,712  14   5,557  5,322  15  

13 426  0  28   915  0  52   1,415  0  77   3,217  1,275  167  

14 432  0  4   895  0  7   1,225  0  9   1,503  0  11  

15 261  0  1   561  0  3   835  0  4   1,100  0  5  

16 349  0  2   753  0  3   1,166  0  5   1,548  0  6  

17 214  0  7   474  0  8   781  0  9   953  0  9  

sum 13,975  4,397  0   28,733  8,512  0    42,195  12,664  0   52,874  16,148  0  

(△Pi and △Fi : billion CNY;  △Xi : million ton) 
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sectoral environmental system by pursuing an optimal balance between environmental protection and 

economic development.  

As an application of the model, we discussed quantitatively on policy design for reducing total CO2 

emission in China. Based on the national data of Input-Output Table of China in 2012, and with a total 

CO2 emission control target being set at the level of 10,000 million tons per year, we simulated the 

CO2 emissions in 17 sectors and also calculated approximately the respective optimal solutions for 

total production and final use (demand) of each sector. The result shows, firstly, that in the existing 

situation without total emission control, each sector could reach its maximum production scale and get 

its own maximum profit independently. On the other hand, each sector’s CO2 emission could increase 

as the production is growing up. As a result, the total emission of all the sectors could rise up to 

13,015 million tons, which is much more than the set target value of 10,000 million tons. Thus, some 

TEC policy scheme for cutting total CO2 emission by about 3,015 million tons should be enforced as 

each sector’s economical scale has been increasing with a growth rate per year along with the GDP in 

China.  

In order to achieve the reduction target, we calculated an optimal set of allocations of the total 

emission to each sector as a possible TEC scheme for policy suggestion. The result indicates that 

totally in the scheme, the total emission reduction target is reached exactly at the allowed maximum 

value of 10,000 million tons, and also, the sum of all sectors’ production profit is maximized up to the 

value of 217,870 billion CNY, which is 53,239 billion CNY less than that in the case without TEC 

policy. This implies that some sectors make a contribution, to a certain extent, to the decrement in CO2 

total emission at a cost of decreasing their own profits. In addition, particularly, there are three key 

sectors with the much higher emission intensity, which should take the greatest responsibility to 

control the CO2 emission at first. The sector No.6 (Production and Supply of Electric Power, Heat 

Power and Water) with the highest emission intensity is supposed to cut its CO2 emission from 3,690 

million tons to 2,850 million tons; The sector No.7 (Coking, Gas and Processing of Petroleum) is 

required to decrease its emission from 2,850 million tons to 2,010 million tons; And finally the sector 

No.10 (Manufacture and Processing of Metals and Metal Products) is also needed to reduce its 

emission from 2,380 million tons to 1,740 million tons. The shares of emission reductions by the three 

sectors are respectively 28.13%, 19.46% and 20.98% of the total emission reduction resulted from the 

TEC policy. 

Furtherly in the application, we also analysed the impacts of improving the emission intensity of some 

sector on all other sectors’ emissions. As an example, we selected the sector No.6 (Production and 

Supply of Electric Power, Heat Power and Water), which has the highest share in total CO2 emission 

reduction among the 17 sectors, and calculated the corresponding TEC schemes when the emission 

intensity of the sector is declined or improved by 20%, 40%, 60%  or 80%. The result data show 

obviously that when the emission intensity is improved by 20% in the sector, for instance, the amount 

of its emission will decrease by 499 million tons and then will have a strong influence and result in 

changes on the amounts of emissions of all the other sectors. As a result, even if keeping the same 

TEC target of 10,000 million tons, the production profit and the final use in total of all the sectors will 

increase by 13,975 billion CNY, and 4,397 billion CNY, respectively. The results suggest that the 

sector No.6 (Production and Supply of Electric Power, Heat Power and Water) is the most significant 

one with strong influences on reducing total CO2 emission among all sectors. Finally we recommend 

that with technical effects, this sector should be considered as the leading industry in which 

technological innovation is absolutely needed to decrease the CO2 emission per unit of production at 

first while implementing the TEC policy scheme. 
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Abstract. The Mae Tao basin, Thailand has been considered to be a remote cadmium (Cd) - 

contaminated area since 2002. This area has been reported as the largest zinc deposition area so 

that the explicit potential cadmium source has not been detected. According to the reports from 

both government and private sectors, the zinc mine in the middle of the basin were determined 

to be one of the cadmium contributors in the area. From 2014, the mine closure operation has 

been conducted, thus the study on the selection of cover vegetation in the area has not been 

accomplished. In this study, the integrated approaches between MINESITE 3D, Geographic 

Information System (GIS) application and remote sensing techniques, were assigned to 

simulate the repetition of the vegetation over the reclaimed area. The study demonstrates that 

using the grass type vegetation for the reclamation of the area can largely reduce the potential 

erosion of the mine with a range from 89.70 to 94.45%. The results also demonstrate that the 

young vetiver grass cannot effectively reduce the potential erosion. Additionally, the study on 

the development of the supporting practice over the mining production area should be further 

conduct. 

1. Introduction 

Mine contaminated sediment has been determined to be one of the cadmium contributors which 

contaminated the Mae Tao Basin area. Padaeng zinc mine, Tak province were discovered to be the 

accumulated area and the one of the contributors of cadmium contaminants. Total Cd and Zn 

concentrations in sediments or soils were approximately 596 and 20,673 mg kg−1 in tailing pond area, 

543 and 20,272 mg kg−1 in open pit area, 894 and 31,319 mg kg−1 in stockpile [1]. This mine is 

located in a remote area of the Mae Tao Basin which has been facing this contaminated case since 

2002 [2][3]. Figure 1 demonstrates the location of the mine. 

Overland sediment, takes place during rainfall runoff over the contaminated zinc-cadmium deposition 

area in the mine, was found to be one of the transmission intermediates reinforcing the contamination 

level [4]. [5] reported that the land use rotation in the basin can cause effects to the contamination 

level of cadmium in the creeks. This incident is affected by the mechanism of rainfall erosion over 

each land cover type which results in the spreading of cadmium contaminants throughout the basin.  

Furthermore, the contamination in the basin were discovered to be related to the change in mining 

production area. Rainfall erosion, affected by the slope and land cover of the area, was discovered to 

be one of the major mechanics that make cadmium available for transport in form of adsorbed-

suspended sediment [6]. Additionally, erosion, took places in the mine, can be related to the 

contamination in the Mae Tao Creek. With a correlation factor at 0.81, this mining production area 

were one of the main contributors of the contaminants [7]. 
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Figure 1. The location of the mine (labelled as red area) 

 

Since 2014, the operation plan in reclamation of the mining production area has been established, thus 

the expected results in the reduction of the erosion that can be released from the mining production 

area has not been disseminated.  

This study aims to examine the effect of the land use alternation over the reclaimed land of the mining 

production area. Since changing in land use refers to changes in land cover practices, the integrated 

spatial techniques between Revised Universal Soil Loss Equation (RUSLE) accustomed to the remote 

sensing technique and geographic information system (GIS) technology were applied to simulate the 

change in the potential erosion of the reclaimed mine. This integrated method has been proved to be 

the effective approach for estimating the magnitude and distribution of erosion practice [4][8]. It also 

widely applied as an accommodating equation to estimate surface erosion and it requires a fewer data 

and a shorter period of time to complete the evaluation compared to other erosion estimations [8]. By 

the advantages of this integrated approaches, the efficiency in reduction of the potential erosion can be 

clarified, leading to the appropriate selection of cover practices in the reclamation’s operation. 

2. Methodology 

The overall framework of the study is established in figure 2. The study instigated with data 

acquisition. The secondary data from various sources were gathered and assigned as the RUSLE 's 

inputs. R factor was calculated using 50 years data from Thai Meteorological Department (TMD). 

Satellite images during 2002 to 2016 from LANDSATTM and soil type map of the study area were 

assigned as the inputs for the calculation of C and K Factors, respectively. The Digital Elevation Map 

of the mining production area was remodeled, using the integration between the MINESITE 3D and 

Computer Aided Design and Drafting (CAD) application. Afterward, 13 alternation-scenarios of land 

cover types were simulated to compare the efficiency in the reduction of potential erosion of the study 

area. 

 

2.1. Data acquisition 

Daily precipitation data from 2002 to 2016 were obtained from the Thai Meteorological Department 

(TMD). The soil classified map was supported by the Land Development Department of Thailand 

(LDD). The Digital Elevation Map (DEM) of the study area was acquired by the Royal Thai Survey 

Department (RTSD). The LANDSATTM   ’s satellite image of the basin, covering the study period 

from 2002-2016 were afforded by GISTDA. 

2.2. Revised Universal Soil Loss Equation 

Soil loss or soil erosion means that the amount of soil moved from one area to another. This 

phenomenon is based on the relationship between raindrops, runoff and the erodibility of a certain area. 

RUSLE can quantify the erosion amount by extending cover management and support practices terms 

into the equation. Since cadmium, contaminated in the basin adsorb with the overland sediment as 

residue from surface runoff [4], so the RUSLE can illustrate the potential erosion of the area, 
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reflecting as the possibility of the cadmium that can be released into the environmental phases. The 

Revised Universal Soil Loss Equation is expressed as (1)  

 

 

 

 
Figure 2. Overall framework of the study 

 

 

                           A = R x K x LS x C x P        (1) 

 

The R factor refers to the erosivity causing by rainfall runoff at a location. The K factor is the specific 

value of the inherent erodibility of the soil surface material at a specific area. The LS is the 

representative value of topography’s effects from hill’s slope, length, and steepness, on the rates of 

soil loss at a site. The C factor expresses the effects of surface cover and roughness from the biomass 

to the rate of soil loss, while the P factor represents effects of soil conservation practices such as buffer 

strips for cover vegetation [4]. 

2.3. R factor 

R factor calculations were conducted base on the study of [9]. The equation was expressed as the 

linear relationship between rainfall erosivity (R) and total accumulation of rainfall intensity (X) as can 

be seen in (2). 

                                                                1415.124669.0  XR                                 (2) 

2.4. K factor  

K factor was derived from soil classification map of the Mae Tao Basin, evaluated by the study ’s 

result of Somprasong (et.al,2015). 

 

2.5. C factor 

Researchers established many methods [10] [11] [12] [13] to estimate C factor. One of the effective 

procedures is the using of classified remotely sensed images under the linear relationship of the 

ecological variables as leaf-area-index, total vegetation cover or aboveground biomass [14] and their 

NDVI index, according to their high correlation. The C factor assigned in this study was based on the 

study of [15] which can present the high accuracy when applied the calculation to South-East Asia’s 

NDVI analysis. The calculations were performed following (3) to (4) 

                                                        )/()( RNIRRNIRNDVI                          (3) 
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                                                             NDVIC 77.06.0                   (4) 

where NIR and R indicate channel or band of Landsat which are near-infrared and visible red 

respectively. C factor will be derived from the NDVI analysis result of the satellite image, taken by 

Landsat 8.  

2.6. P factor 

The support practice factors (P) were derived from the combination between slope data from the 

spatial analysis of DEM and land use map based on the criteria, prescribed by [16]. The classification 

of p factor value can be seen in table 1. DEM applied in this study were separately retrieved by two 

sources. One was supported by RTSD and another was remodelled by MINESITE 3D application. 

Figure 3 demonstrates a process in the remodelling of DEM from mining production area. The process 

begins with the gathering of the mine planning data which were used as references for the elevation of 

the area. Afterward, the elevation data were drafted as the 3-dimension model in the application. This 

model is usually applied as the planning tools for material extraction planning with high accuracy of 

the interpolation so that the missing elevation can be fulfilled. The 3-dimension model was then 

exported as a shapefile of contour and further converted into DEM using GIS application. 

 

 
Figure 3. Remodelling of mine’s DEM  

 

Table 1. P factor assigned as the data input for GIS’ calculation layer 

Land cover P factor 

Agricultural Area with Slope ≤ 8 % 0.5 

Agricultural Area with Slope between ≥ 8 % and 20 % 0.75 

Agricultural Area with Slope ≥ 20 % 0.9 

Shrub, Secondary Forest and Forested Area 0.1 

2.7. LS factor 

LS-factor calculations were carried out using a GIS application based on the equation presented in (5). 

The calculation of LS factor for the surface area of The Mae Tao Basin is presented in Figure 4. 

 

                                     
)0654.0sin56.4sin41.65()

13.22
( 2 


 mresolutionFlowacc

LS
          (5) 

 

 

 

 

 
Figure 4. Calculation method for retrieving the LS factor 

 

The LS-factor reflects surface terrain of the basin and can be illustrated as an input layer by 

transformation of the slope gradient [17]. The value of m, referred to a coefficient related to the ratio 

of rill to inter-rill erosion, was varied from 0.2 to 0.5, depending on the slope gradient and m, defined 
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previously, was equivalent to 0.5 for slope > 5 %, 0.4 for slope between 3 %s to5 %, 0.3 for slope 

range of 1 % to 3 %, and 0.2 for under 1 % slope.  

In this study, the flow accumulation was obtained using a 30 m resolution DEM from the Royal Thai 

Survey Department (RTSD). The layer was analyzed under spatial analysis function. Fill command 

were assigned to avoid any discontinuity in the flow simulation which can be existed when water is 

trapped by cells of higher elevation. Afterward, the flow direction was generated from these filled 

grids. Flow accumulation was calculated based on the direction acquired from the previous process 

and the raster calculation was applied using those layers to determine the LS-factor. 

2.8. Cover practice alternation simulation  

In a purpose of comparing the effectiveness of reducing the potential erosion of the mine, 13 different 

values of cover practice factor (C) were assigned as the data input in RUSLE. Table 2 demonstrates 

the value applied in this study [18] [19]. The land cover practice, applied in this study, were selected 

based on the regular land use, appeared in the Mae Tao Basin such as corn, soybean, paddy field and 

cassava. This selection has a tendency to simulate the utilization of the reclaimed land for agricultural 

aspects. 

Table 2. C factor applied in the simulation of land use alternation. 

Land use type C factor 

Grass plants (Brachiaria sp) 0.290 

Bean 0.161 

Cassava 0.363 

Lemongrass 0.434 

Hardwood with scrub 0.012 

Perennial grass 0.020 

Forrest 0.001 

Overlapped cropping and straw mulch 0.079 

Sequential cropping and crop residue mulching 0.347 

Sequential cropping pattern 0.398 

Overlapped cropping and mulch of crop residue 0.357 

Vetiver (earlier state) 0.350 

Vetiver (aged) 0.037 

3. Results and discussion 

3.1. R factor calculation’s result 

The rainfall runoff value of the Mae Tao Basin from 1998 - 2016 were assigned.The value of R factor, 

retrieved from the calculation, were equal to 703.22 MJ mm ha-1 h-1   

3.2. K factor determination’s result 

Secondary data on the land use of the Mae Tao Basin from LDD were assigned into GIS calculation 

layer as can be seen in figure 5. 

3.3. C factor determination’s result  

GIS application was assigned as a main tool to illustrate the calculation layer of C factors. Figure 6 

and 7 demonstrates the results of NDVI analysis. The calculation was conduct using the large 

boundary of the basin and then extracted using spatial analysis 
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Figure 5. K factor’s evaluation result  

 

 

Figure 6. C factor’s evaluation result 

3.4. DEM remodeling’s results  

The DEM of the mine were remodeled in order to improve the accuracy in the estimation of the 

potential erosion in the mine. Figure 7 demonstrates the remodeled- DEM of Padaeng zinc mine, 

based on the mine planning in 2016 Consistent with the remodeling the missing elevation model in the 

southern part of the mine were figured so that the estimation of the runoff sediment can be more 

extensive. 

 
Figure 7. DEM of the mine from the remodelling process 

3.5. LS factor calculation’s results  

Figure 8 exhibits the calculations of LS factor from the remodeled- DEM of the mine. More than 

assigned as the input of percent slope calculation layer, DEM was transformed to illustrate the flow 

direction layer and flow accumulation of the project area. These layers were combined with the raster 

calculation to retrieve the LS factor calculation layer.  
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Figure 8. LS factor calculation factor of the mine 

3.6. Potential erosion estimation results .   

The highest value of potential erosion was found in the southern part of the mine which is the location 

of the previous production areas as can be seen in Figure. The highest magnitude of the potential 

erosion was detected to be 16.14 ± 1.24 x103 t/ha/y as can be seen in figure 9.   

 

Figure 9. Potential erosion estimation’ results of the mine  

Table 3 Simulation results of the land use alternation 

Land use type 

Maximum 

potential erosion  

(t/ha/y) 

Erosion reduction 

efficiency  

(%) 

Grass plants (Brachiaria sp) 9696.61 39.91 

Bean 5215.11 67.68 

Cassava 7838.36 51.43 

Lemongrass 14058.51 12.88 

Agroforestry 538.47 96.66 

Perennial grass 897.45 94.44 

Forrest 44.87 99.72 

Overlapped cropping and straw 

mulch 
3544.94 78.03 

Sequential cropping and crop 

residue mulching 
15570.80 3.51 

Sequential cropping pattern 17859.30 -10.68 

Overlapped cropping and 

mulch of crop residue 
8974.54 44.38 

Vetiver (earlier state) 16602.90 -2.89 

Vetiver (aged) 1662.09 89.70 
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3.7. Land use alternation simulation’s results and discussion 

Thirteen variations of land utilization and practices were applied and converted into raster calculation 

layer of c factor to simulate the changes in potential erosion in the mine. Table 3 demonstrates the 

results from the repetition of the land use over the mining production area. 

The results express that changing in land cover practice over the mine surface can effectively reduce 

the estimated potential erosion. Consistent with the simulation results, changing the land use type into 

deciduous forest which has the highest efficiency in reducing the potential erosion can reduce the 

potential erosion of the mine area from 16136.68 t/ha/y to 44.87 t/ha/y or 99.72%.   

Perennial grass, currently applied as the cover practice in some area of the mine can reduce 94.43% of 

potential erosion, while mixed shrub and perennial tree can enhance the efficiency of the reduction to 

96.66%.Furthermore, vetiver grass, considered to be effective in reducing rainfall erosion by many 

studies, cannot effectively applied as the cover practice for the study area due to its low erosion 

resistivity at the young age. Applying vetiver grass as land cover can effectively reduce the potential 

erosion after 10 years of plantation with % reduction of 89.70 %.  

Agricultural crops contain lower effectiveness in the reduction of potential erosion. Corn, densely 

vegetated in the surroundings of mining production area, can moderately reduce the potential erosion 

at 61.23%, while cassava and bean can slightly decrease the erosion at 51.42 and 67.68 % respectively. 

Figure 10 demonstrates the diagram, comparing between reduction efficiency of each land use type 

and cover practice.  

 

                              
               

Figure 10. Simulation’s result of land use alternation over the mine area 

 

Mining production area has been continuously sensed as the highest potential area that can release the 

overland sediment [7]. Due to the open cast mining technique, the surface of the mine has been 

removed as the overburden, causing the area to be a large human-made cliff with high erosion rate. 

Because of the lack of enough land cover management, the total erosion was amplified by the overall 

steepness of the bench, resulting in high LS factor in the estimation. Since the large volume of erosion 

can occur in the mining activity area, the preventive practice such as the plantation of vetiver grass or 

other deep roots plant on the high slope area and the providing of effective sediment pound should be 

integrated. The simulation on the repetition of land cover practice were conduct in order to compare 

this preventive plantation which can be use as the alternatives in the protection of eroded-

contaminated sediment over the reclaimed mine.  
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Agroforestry couple with plantation management, possessing a capability in increasing of erosion 

resistivity of the agricultural crop [21], can be a key in the adaptation of the study area for agricultural 

aspects. According to the study’s results, changing of previous mine surface with this integrated plant 

can enhanced the reduction efficiency. Overlapped cropping, covered by straw mulch can reduce 

78.03% of the base potential erosion, while the mixing plantation between hardwood plant and shrub 

can reduce 96.60%. Even supposing that the erosion resistivity of the agricultural crop can be 

improved, thus some of the plantation management cannot successfully reduce the high potential 

erosion of the area as can be seen from the simulation results of the sequential cropping pattern which 

shows the efficiency of the reduction at -10.68%.  

Despite the fact that the agricultural vegetation can be applied in the mining production area, thus the 

implantation of the crops in this area cannot be succeed. Since, mining pit is that lack of topsoil which 

can provide the enough nutrients for plant growth so the vegetation over this area cannot effectively 

yield the crops’ product. Furthermore, the risk in contaminating of cadmium can make the products 

inconsumable.  

As suggestions, the selection of land utilization for the reclamation over the ex-mining production area 

should be focus on the growth period of the plant. Because of the potential of the area that can carry 

on spreading the contaminant into the environmental phases, rapidly-growth plant can reduce the 

chance in the contacting between rainfall runoff and the bare surface of the production area.  

Grass plant, enriched with root system, can preserve the soil surface due to their high erosion 

resistivity. However, at the earlier state, cover material and plantation techniques should be used to 

enhance the efficiency of the reduction.  

Agroforestry can be one of the alternatives in the reclamation of the mining production area. The 

combination between perennial tree and shrub were demonstrated to be the most appropriate land use 

that can response to every aspects of the land utilization. Perennial tree, contain an ability in reducing 

of rainfall intensity and erosivity can decrease the magnitude of R factor, resulting in the influencing 

of the erosion reduction of shrubs at the lower area. Additionally, alternating the study area in food 

crops such as corn and rice paddy filed are strictly prohibit due to their capability in the 

recontamination of cadmium from the soil into the food chain. 

4. Conclusion 

In summary, this integrated spatial approaches, consists of RUSLE, GIS, remote sensing and can be 

successfully assigned to estimate the potential erosion in the mine. In association with CAD and 

MINESITE 3D application, the remodelled DEM of the mine can explicate the better description on 

the topography of the mining production area for better efficiency in the simulation of the change in 

potential erosion for unique land utilizations. The process can be enhanced into a powerful tool in 

supporting of selecting the land use type of the reclaimed land. According to this integrated approach 

agroforestry was considered to be the most appropriated land use type that can response to every 

aspects of the land utilization. In addition, this study has also revealed the capability of customizing 

this integrated method to be utilized in other similar reclamation case. 
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Abstract. Chemical industries may pollute the air, water, and soil as well as jeopardize the 

ecological system and human health. China has established a relatively comprehensive 

regulatory regime to control industrial pollution, including pollution from chemical industries. 

This paper evaluates various regulatory tools to find their efficacy and appropriateness, and 

uses Yichang, a city rich in phosphate ore and phosphate industries, as an example. This paper 

integrates qualitative research methods and quantitative research methods. The analysis 

indicates that regulatory tools can be effective in controlling environmental pollution and 

restoring the jeopardized ecology. It also indicates that the Chinese government can enforce the 

environmental law effectively. However, these regulatory tools are also costly, insufficiently 

clear, and may not be effective for each place. 

1. Introduction 

Chemical industries may pollute the air, water, and soil as well as jeopardize the ecological system and 

human health [1-3]. Environmental pollution shall be a compulsory requirement on the development 

of chemical industries. However, for various reasons, chemical industries may have developed without 

sufficient environmental consideration and pollution control measures [4]. This leads to the needs to 

remediate the existing pollution and prevent further pollution. The public image of chemical industries 

also deteriorated in recent years, which makes it even more urgent to for the government to take 

measure against pollution originating from chemical industries [5,6]. Regulatory tools may play a vital 

role to achieve pollution control goals. This paper evaluates various regulatory tools to find their 

efficacy and appropriateness, and uses Yichang, a city rich in phosphate ore and phosphate industries, 

as an example. This study mainly evaluates the effectiveness of various regulatory tool and also 

touches on the effect of the competition among local governments on environmental governance [7]. 

2. Method and data sources 

This paper integrates qualitative research methods and quantitative research methods [8]. This paper 

uses qualitative method to find and assort regulatory tools and evaluate the general situation of the 

case to be studied. As to the effectiveness of regulatory tools for the case, this paper also uses 

quantitative research methods. The data used in this paper are publicly available. A field study of the 

case was conducted to verify the publicly available data to the largest extent of feasibility. 

3. Regulatory tools available for chemical industrial pollution 

Albeit command-and-control rules are the major part of Chinese environmental law, China has long 

sought other regulatory tools and looks for more cooperative and flexible mechanisms to coordinate 

the economic development and environmental protection [9, 10]. China has established a relatively 

comprehensive regulatory regime to control industrial pollution, including pollution from chemical 

98



2019 5th International Conference on Environment and Renewable Energy

IOP Conf. Series: Earth and Environmental Science 307 (2019) 012014

IOP Publishing

doi:10.1088/1755-1315/307/1/012014

 

 

 

 

 

 

industries [11-13]. The pivotal legislation is the Environmental Protection Law of the People’s 

Republic of China, which was recently revised in 2014 (the 2014 revised Environmental Protection 

Law) [14, 15]. The Environmental Protection Law was adopted and revised by the Standing 

Committee of the Chinese National People’s Congress (NPC Standing Committee). The same 

legislative body also adopted and revised other environmental protection laws such the Law on the 

Prevention and Control of Water Pollution (the Water Pollution Control Law) [16, 17], the Land on 

the Prevention and Control of Soil Pollution (the Soil Pollution Control Law). Below laws in the 

hierarchy of the rules are administrative regulations and local regulations. Administrative regulations 

are adopted by the State Council, i.e., the Central Government of China. Local regulations are adopted 

by local congresses at or above districted cities. The Ministry of Ecology and Environment (MEE), 

previously the Ministry of Environmental Protection (MEP), has the authorities to adopted rules and 

technical standards [16]. Besides the MEE, other governmental departments also have authorities over 

environmental protection and industrial development, particularly the National Development and 

Reform Commission [14]. 

The environmental protection requirements impose obligation on the industries as well as grant law 

enforcement authorities on governmental agencies. The obligations on the industries in one sense are 

regulatory tools for governmental agencies to regulate the economy for the public interests. Key 

regulatory tools can be summed up as follows: 

3.1. Pollutant discharge standards 

The pollutant discharge standards are the basic requirements on industrial enterprises. These standards 

are specific for each category of industry, some are even specific for each category of technology used 

for production. For example, there are separate pollutant discharge standards for pharmaceutical 

industries: formation products category (GB 21903-2008), chemical synthesis products category (GB 

21904-2008), extraction products category (GB 21905-2008), bio-pharmaceutical category (GB 

21907-2008), mixing/compounding and formulation category (GB 21908-2008), and Chinese 

traditional medicine category (GB 21906-2008). The title of a pollutant discharge standard generally 

contains words indicating whether it is for water pollutants, air pollutants, or other pollutants. 

However, some standards may contain provisions on both water pollutants and air pollutants but their 

titles just indicate that they are for water pollutants. Therefore, people should be cautious to avoid 

neglecting any applicable standards. 

The pollutant discharge standards constitute a regulatory tool because it is more for regulation than for 

nature science, more of norms than of facts. Article 16(1) of the 2014 revised Environmental 

Protection Law provides that the agency of the State Council in charge of environmental protection 

(currently the MEE, previously the MEP) shall adopt national pollutant discharge standards according 

to the national environmental quality standards as well as economic and technological conditions. The 

second paragraph of the same Article 16 provides that the governments of provinces, autonomous 

regions, and municipalities directly under the State Council have authorities to adopt more stringent 

local pollutant discharge standards applicable to the respective regions. Although Article 16(2) does 

not explicitly require these local governments to adopt pollutant discharge standards in light to 

economic and technological conditions, it shall be understood that economic and technological 

conditions shall be considered when adopting local pollutant discharge standards. Therefore, the 

stringency of pollutant discharge standards is a policy choice. If the government wants to discourage 

an industry, push the industry to introduce or develop better technology, it may adopt more stringent 

standards, even more stringent than the currently and domestically available technology. Like the 

environmental quality standards [18], the pollutant discharge standards incentivize local governments 

to harden environmental law enforcement. However, this regulatory tool has rigidity: it can only be 

tightened and cannot be loosen as the time goes by. 

3.2. Industrial policies 

The Chinese government regularly adopts and updates industrial policies to differentiate the treatment 

of different industries. Some industries are regarded as promising and are prioritized while some other 

industries are regarded as outdated or environmentally unfriendly and are discouraged. The industry 
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policies may take different forms. The most fundamental one is the national five-year plan, a plan 

adopted by the plenary meeting of the National People’s Congress. The current national five-year plan 

is the thirteenth five-year plan for the period from 2016 to 2020. At the national level, different 

ministries and commissions also adopt their respective sectoral five-year plan based on the master 

five-year plan adopted by the NPC. Local congresses and governments also adopt their local master 

five-year plans and sectoral five-year plans. These five-year plans indicate the governmental attitude 

towards different industries and thus influences investors, financial market, and other stakeholders. 

This of course indicates that industrial policies are a form a regulatory tool. The thirteenth national 

five-year plan calls require the reduction of greenhouse gas reduction from some major industries 

including the chemical industry. The same plan also calls for the promotion of international 

cooperation of chemical industry. This indicates that the government attaches much important on the 

development of chemical industry but also calls for the upgrading of chemical industry for the 

industry’s own sake as well as for environmental protection purposes. 

3.3. Supply of industrial land 

Land is subject to tight control of the government. Land is either owned by the State or collectively 

owned by individual villages. The rural land is collectively owned by individual villages on behalf of 

villagers, other land is owned by the State. With the exception of village enterprises, all other 

enterprises can only use state-owned land for industrial purposes. The use of land for industrial 

purposes is not only subject to payment, but also subject to government approval. The approval of 

industrial land is quite complicated. It suffices to say here that lower government such as county 

government and city government not necessarily have the authorities to approve the land use even 

though they have strong desire to develop local economy through industrial development. The higher 

government, particularly the Development and Reform Commission at the provincial level, plays a 

key role in the land use for industrial purposes. Other governmental agencies, such as the zoning 

authorities, also have much authorities on the land use. When deciding whether to approval a piece of 

land for a particular major enterprise or for an industrial park, the approving agencies need to consider 

the environmental background, the economic potential of a particular enterprise or industry, and many 

other factors, including the above-mentioned industrial policies. In essence, the approval of industrial 

land is part of economic regulation. In this sense, the supply of industrial land is a regulatory tool. 

3.4. Other regulatory tools 

The environmental law also provides other regulatory tools for environmental protection. Article 4(2) 

of the 2014 revised Environmental Protection Law requires the State to take economic and 

technological policies and measures that are beneficial to the saving and recycling of resources, to the 

protection and improvement of the environment, and to the promotion of harmony between the human 

being and the nature. Article 7 of the same law provides that the State supports the research, 

development, and utilization of science and technology for environmental protection, encourages the 

development of environmental industries, promotes the digitalization of environmental protection, and 

enhances the level of science and technology for environmental protection. Based on these two legal 

provisions and provisions of other relevant laws and regulations, quite a few regulatory tools have 

been developed. For instance, the program on environmental insurance restarted recently [19]. 

 

 

Figure 1. Regulatory tools 
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4. Case study of Yichang 

4.1. General information of Yichang 

Yichang is a city in the western part of Hubei province, in the central part of China. This city is along 

the Yangtze River and is the dividing point of the upper and middle stream of Yangtze River. The 

Yangtze River suffered from pollution in the past decades and the Yangtze River pollution is regarded 

as an urgent issue for the whole country [20-22]. Notably, the thirteenth national five-year plan 

requires the protection of the ecological system of the Yangtze River Catchment. 

Yichang is an administrative region at the level of districted city. The term ―districted city‖ means that 

this administrative region is lower than province or autonomous region but higher than county or 

district. The term ―districted city‖ also means that its urbanized area is consisted of more than two 

districts. However, this does not mean a districted city does not have rural areas or mostly rural areas. 

The rural areas can be divided into counties while more urbanized areas can be county-level cities. 

This is true for the case of this paper. Yichang has five districts, 3 county-level cities, and 5 counties. 

Altogether, Yichang has about 4.13 million residents. 

Yichang is rich in phosphate ores and shale gas. The phosphate ores are mostly deposited in Yiling 

District, Xingshan County, and Yuan’an County, including 16 mineral beds. The explored deposit is of 

more than 200 million tons, which accounts for more than 54% of the total deposit of Hubei province. 

This deposit also makes Yichang the third largest deposit of the whole country. However, the quality 

of phosphate ores is not very good. The deposit of shale gas currently found is mostly located in 

Dianjun District.  

The industries of Yichang heavily rely on phosphate ores. First, the exaction of phosphate ores is a big 

industry in terms of revenue, taxation, and employment. Second, the phosphate chemical industry is an 

even bigger industry. Besides phosphate chemical industry, Yichang also has coal chemical industry 

and salt chemical industry. In terms of GDP, the chemical industries altogether account for about one 

third of the total GDP of Yichang.  

4.2. Environmental problems of Yichang 

The chemical industry also has the potential to cause environmental problems. This is because of the 

following reasons. First, the industry is scattered. Although Yihua and Xingfa are two major 

companies, other companies are small and scattered. There are 12 areas that can be regarded as 

industrial areas/parks for chemical industries. There are 134 companies of chemical industries, 48 of 

them locate in areas close to Yangtze River. Second, the technology is not state-of-the-art. Some of the 

companies such as Yihua and Xingfa invest much money in research and development and equipment 

acquisition, but many other companies do not spend much money on research and development and 

are insufficiently equipped. Third, the products are low in price and profit. The leading products are 

chemical fertilizers such as urea chemical fertilizers and ammonium phosphate chemical fertilizers. 

These products do not bring about much profit but consume much natural resources and energy and 

lead to much pollution. Fourth, they cause high risks of environmental pollution and worksite safety. 

Pollutants from chemical industries accounts for about 70% of all industrial pollutants. The phosphate 

pollution of Yichang caught the national attention. The thirteenth national five-year plan calls for the 

control of phosphate pollution of the whole Yangtze River Catchment. The most difficult part of this 

task is Yichang. 

4.3. Regulatory tools taken by Yichang 

In recent years, Yichang mainly used the following regulatory tools to reduce and control chemical 

pollution: 

4.3.1. Governmental plans. The city government mobilized the impetus of governments and adopted 

several governmental plans, notably the Opinions on the Specialized Renovation and Upgrading of 

Chemical Industries, Three-Year Action Plan for the Renovation and Upgrading of Chemical 

Industries, the Plan of Yichang City for the Green Development of Chemical Industries (2017-2025), 

the Master Plan of Yichang City for the Development of Phosphate Industries (2017-2025), the Master 
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Plan of Yaojiagang Industrial Park (2017-2025), the Master Plan of Yidu Chemical Industrial Park 

(2017-2030), and other plans.  

4.3.2. Differentiated treatment of industrial parks. The current 12 chemical industrial parks will be 

classified into three categories. Two chemical industrial parks are classified into prioritized industrial 

parks, i.e., the Zhijiang chemical industrial park and the Yidu chemical industrial park. They are to be 

upgraded and further developed. They will be equipped with advanced pollution control facilities. 

They will set strict requirements on companies that plan to enter these industrial parks. Water pollutant 

will be first treated by each individual company then further treated by the industrial park. The 

industrial parks will achieve a high degree of circular economy and clean production by facilitating the 

recycling of materials and energy within the industrial parks [23]. Five chemical industrial parks are 

classified as controlled development areas. They should improve the allocation of production capacity, 

control pollutant discharge, and upgrade technology and processes. The rest five industrial parks will 

be closed. 

4.3.3. Differentiated treatment of companies engaged in chemical industries. The 134 companies 

currently engaged in chemical industries fall into four categories. These who do not meet zoning 

requirements and industrial plans and cannot meet requirements on environmental protection and 

worksite safety shall be closed and leave the chemical industries. The number of companies fallen into 

this category is 34. These companies that already exist in acceptable chemical industrial parks and can 

meet all requirements on environmental protection and worksite safety after upgrading will continue 

their business and undergo an overall upgrading. The number of companies that fall into this category 

is 57. These companies that are currently located outside of acceptable chemical industrial parks but 

are low in risks of environmental pollution and worksite safety will be moved to accepted chemical 

industrial parks if they are willing to upgrade their facilities and undergo an examination process. The 

number of companies that fall into this category is 36. The fourth category include 7 companies that 

voluntarily abandon their business in chemical industries. 

 

 

Figure 2. Chemical industrial parks and companies engaged in chemical industries 

before and after the implementation of regulatory measures 

4.3.4. Control of land use and mineral rights. The control of land use has fundamental effect on the 

development chemical industries. The local zoning was changed so that it is no longer allowed to 

maintain or establish chemical industry facilities within one kilometer of the river banks. The existing 

chemical industrial facilities are to be relocated to other places. In contrast, the two prioritized 

industrial parks for chemical industries are out of the one-kilometer limit and get more land to get 

expanded. The mining rights of phosphate ores is also subject to control. Some operators may not be 

able to get their mineral rights renewed once their mineral rights expire. Whether they can get their 

rights renewed depends on factors closely related to environmental protection, such as the location of 

their phosphate mineral beds, their environmental protection facilities, their parent company (whether 

they are owned by an advanced chemical industrial company). 
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4.3.5. Impetus on lower governments. The city government adopts some measure to enhance the 

accountability of lower government for environmental protection and the streamlining of the chemical 

industries. The city government set goals for each county or district. If a county or district fails to meet 

its goal, the head of the county government or district government may be disciplined or at least loses 

credit for promotion. If a county or district government meets the goal, its head may be rewarded with 

promotion or other rewards. The city government also encourages the cooperation among districts and 

counties. For example, Xinfa’s moval to Xiaoting is the result of the cooperation between Xingshan 

County and Xiaoting District. Although Xingfa is a county-level state-owned company, it is allowed to 

move to Xiaoting District. This is different from the general practice that a county-level state-owned 

company generally stays in the county, at least its headquarters shall be at the county, so that this 

county may get the taxation benefit. 

4.4. Environmental improvements of Yichang 

Yichang has achieved much progress in environmental protection with these regulatory tools. The 

pressure on the environment has been eased and there are some actual improvements of the 

environment. The main achievements are as follows: 

4.4.1. Closure and relocation of polluters. So far 30 of the 34 companies on the closure list have been 

closed. The companies on the relocation list are preparing for relocation. 

4.4.2. Upgrading of production facilities and environmental protection facilities. Most of the 

companies allowed to continue their business have started to upgrade their production facilities.  

4.4.3. Development of chemical industrial parks. The two prioritized chemical industrial parks have 

started to expand. A high standard is taken for the expanded part. A thick layer of concrete floor is 

constructed for anti-leakage purposes. A centralized waste water treatment facility is planned for each 

industrial park which will further treat the waste water of companies engaged in chemical industries. 

However, each company still needs to preliminarily treat their wastewater in their own facilities. the 

preliminarily treated waste water will be discharged into the centralized treatment facility of the 

industrial park. 

4.4.4. Cleanup and remediation of land previously used for chemical industry. The land previously 

used for chemical industry may have been contaminated and may jeopardize the ecology and human 

health. The government requires the former user to clean up the land before returning the land to the 

State or transferring the land use right to the next user. For the companies on the closure list, their 

production sites have been tested for possible soil pollution and cleanup plans have been drafted and to 

be implemented after their closure. The government also has a plan to provide financial support to 

clean up the sites of companies who are financially unable to clean up their sites. Currently, 

production facilities within one kilometer of the river banks have been relocated or closed. The land 

has been used for public road or have been vegetated or forested for ecological restoration. 

4.4.5. Improved environmental quality. During the year of 2017, the energy consumption per unit of 

GDP reduced by 7.14% from the previous year, the water consumption per unit of GDP reduced by 

13.7% from the previous year. During the period of January to August of 2018, the number of days 

meeting the first and second grades of the National Ambient Air Quality Standards is 3.9% more than 

the days of the same period of 2017. 

5. Concluding remarks 

The above analysis indicates that regulatory tools can be effective in controlling environmental 

pollution and restoring the jeopardized ecology. It also indicates that the Chinese government can 

enforce the environmental law effectively and the environmental law is not just a ―paper tiger‖ in 

China [24, 25]. However, people should still be cautious that these regulatory tools are also costly and 

may not be effective for each place [26]. Furthermore, legal rules on these regulatory rules are not 
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sufficiently clear. It is true that these regulatory rules have legal basis because they are provided in the 

2014 revised Environmental Protection and other laws and regulations. However, these legal rules are 

not sufficiently clear and hard to implement. Nevertheless, the experience of Yichang provides insight 

on how these regulatory tools operate and how to make clearer legal rules. 
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Abstract. The vulnerability, flood hazards, and exposure are three indicators to calculating and 

assessing flood risk in the Mekong Delta river. Flood risk assessments allows managers to 

understand the probability and implications of potential damage caused by floods. The 

vulnerability index is based on three criteria, including sensitivity and adaptive capacity related 

to the economic, social, and environmental aspects and benefits that floods bring to the 

Mekong Delta river. The flood events occurred in the years that the flood peak at Tan Chau 

was over 4 m, causing the most severe damage in this area. This paper will use the 

vulnerability index method which is the sum of the components including the sensitivity, 

resilience and benefits of floods to calculate and assess the flood vulnerability of 155 

communes in 11 districts of An Giang province. The results showed that there are four 

communes were affected by average vulnerability and 151 communes with high vulnerability. 

1. Introduction 

For thousands of years, Vietnamese people have faced heavy floods. Mekong River Delta, especially 

the downstream of the Mekong River Basin, has been severely impacted by upstream disturbance due 

to the presence of upstream reservoirs. That has caused considerable difficulties for flood management 

in this area [1]. Recently, flood controls have improved effectively through flood risk management. 

Flood risk refers to the harm that a flood actually causes with a certain frequency over a specified 

period of time. Therefore, flood risk management should be studied particularly for each area in order 

to prevent the loss of properties, assets and life caused by floods [1, 2]. From the point of view, the 

natural properties of flood risk are not determined. It is difficult to quantify the risk of flooding 

because risks are the consequences of natural phenomena that affect human life, including life, 

property, and vulnerability. The potential risk is the overlapping common area of three circles where 

each circle is a representative for one risk component namely hazard, vulnerability, and exposure. The 

potential risk can be lessened in three ways: (1) by decreasing the level of vulnerability, (2) by 

reducing the exposure, and (3) by reducing the hazard. Huge flood damage in terms of its effects 
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exerting on people and the economy emphasizing the need to apply an integrated approach to carry out 

flood risk assessment [3, 4]. There are many studies on vulnerability and flood risk assessment in 

different basins throughout the country, mainly in the Northern [3, 4] and the Central region [5, 6]. 

However, these basins are very different from those in the Mekong Delta, especially flood 

characteristics [7]. Particularly, the floods in the Mekong Delta also have certain differences in 

vulnerability due to flood levels which bring to the benefits for human lives. Therefore, the 

establishment of a set of criteria, the method for flood vulnerability assessment with variables related 

to social, economic and environmental aspects as well as flood benefits for An Giang is very essential 

in flood control. This study selected the high flood season in 2011 to calculate and evaluate the 

vulnerability of An Giang province.  

2. Methodology 

2.1. Flood characteristics of An Giang province 

The Mekong Delta has an important role in socio-economic development with the greatest potential 

for agricultural development, especially in food production, aquaculture, fisheries, fruit and vegetable 

which has great export values to the whole country and exchanges with other regions and around the 

world (figure 1) [8]. In addition, the Mekong Delta has the most outstanding natural features in the 

world with nearly half of the flooded area of 3-4 months per year. This causes many difficulties for 

agriculture, however, there are many benefits though such as an increase in natural aquatic resources, 

supplementation of silt for farmland and the cleaning of environment [9]. 

Every year, the average rainfall in the Mekong Delta is about 1,400-1,800 mm. The West Coast of the 

Mekong Delta rainfall is greater than the East Coast rainfall, 2,000-2,400 mm and 1,400-1,600 mm 

respectively. Flood season in the Mekong Delta began in July and lasts until November. Floods slow 

down with the average flood intensity of 10 - 15 cm/day and the highest one is of only 20 cm/day. 

Flood amplitude is 3-4 m and the difference between high- low flood peaks is only 0.5 - 1.0 m. The 

speed of flood transmission is slow, for example takes 3 days from Phnom Penh to Tan Chau (200 km). 

In case of high tide, the rate of flood transmission is slower. Fluctuations in flood timing and peak in 

years are not large. In the event that the flat plain combine with high floods, floods will be extensive 

and prolonged. Unlike the northern and central regions, there is a concept of “beautiful floods” in the 

Mekong Delta in case of the maximum water level (Hmax) in Tan Chau from 400 cm to 420 cm. If this 

range is over ± 30 cm, floods do more harm than good. If the water level in Tan Chau is over 450 cm, 

it will be dangerous in terms of deep security, population security and other economic entities (In the 

period of 87 years from 1929-2015, every five years Hmax > 450 cm). In contrast, if the Hmax water 

level in Tan Chau is lower than 370 cm, it is called “shortage of flooding”. The level of damage in this 

case is not lower than that of Hmax > 450 cm, such as: no wash-outing of polluted water, mice 

reproduction, lack of water in the next year, etc (there are 3 of 10 years that happened this situation). 

2.2. Method for assessing flood vulnerability in An Giang province  

2.2.1. General concepts  

Flood vulnerability index (FVI) is a factor to estimate the hazards and vulnerability including adaptive 

capacity, exposure, and sensitivity. The analysis of multi-standard flood vulnerability is that integrates 

the economic, social and ecological aspects of flood risk and adaptive capacity: from an initial point of 

view towards an end point of vulnerability. Social vulnerability assessments describe human 

interactions and their adaptive capacities in the context of major disasters with both geographical and 

temporal changes [1, 2].  

Flood vulnerability is determined through three criteria: sensitivity (VS), adaptive capacity (VC) and 

benefits from floods (VB) which is considered as natural, economic, social and environmental factors 

[7]. This study will establish values of sensitivity, adaptive capacity, and benefits from floods which is 

a special characteristic in Mekong Delta. It includes social sensitivity, environmental sensitivity, 

predictability and vulnerability to hazards, as well as ecological and environmental benefits. The taken 

steps are shown in figure 2 [10]. 
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Figure 1. Study location at An Giang Province. 

  

 

Figure 2. Chart of steps for assessing flood vulnerability. 

 Establishing variables for vulnerability index 

These criteria of flood vulnerability index are described below: 

Collecting 
data

•Natural conditions

•Socio-economic condition

•Mapping

•Flooding

Quantify the 
factors

•Based on statistical yearbook

•Based on resident 
questionaire

•Based on officer questionaire

Nomalizing 
data

•Sensitivity (VS)

•Adaptive Capacity (VC)

•Benefit (VB)

Calculating 
weight of 
variables

•Based on expert questionnaire

•Based on AHP method

Defining 
vulnerability 

index

•Values of criteria

•Vulnerability index

Assessing 
levels of 

vulnerability

•Classification of vulnerability

•Mapping of vulnerability

•Assessing vulnerability
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1) Sensitivity (S) is characterized by economic, social and environmental characteristics on the way 

how they react to floods. Variables of sensitivity include population, ethnicity, education, sex, age, and 

the environment. Each variables of the sensitivity have different effects on the flood risk (at the same 

level of flood risk), for example, residents with higher levels of education will be at lower risk of 

vulnerability. The characteristics of the sensitivity criterion can be determined from the statistical 

yearbook (at the time of calculation with other characteristics), the sociological questionnaire or the 

interview (audio and video records) for institutional and administrative organizations at all levels, etc. 

Specific factors used that were: population, percentage of female population, percentage of the elderly, 

rate of literate people, percentage of poor households (social sensitivity); environmental status, 

stability of river bank, flood water, disease, ecosystem (environmental sensitivity). 

2) Adaptive capacity (C) is the ability of a system of the people, the community, the government and 

the nature itself to adjust to floods. Variables of adaptive capacity are experiences; conditions and 

capabilities of flood prevention; abilities of flood forecasting and warning; community supports; self-

recoveries, etc. These variables are also obtained from sociological surveys (questionnaires, interviews, 

audio-video recordings ...) and data from statistical yearbook in the study area. Adaptive capacity is 

defined by two indicators of coping and preventing damage (or protecting property). Specific factors 

which are used are: experiences and abilities of flood control, rescue and forecast, government support 

(flood response component); public works, transport works, irrigation works, communications, 

educational restoration and self-cleaning environment (flood prevention and recovery). 

3) Benefits (B): The Mekong Delta has a characteristic that bring benefits to people and the 

environment. Therefore, the determination of criteria for risk assessment for the Mekong Delta is also 

different from other basins. 

In particular, the benefits of flood for An Giang province are natural aquatic resources in the river, 

sediment from the upstream for increasing crop productivity in An Giang. Moreover, the decrease in 

salt water in the fields is good for the cultivation and breeding, especially for aquaculture. However, 

these benefits depend on the levels of flooding: high, moderate or low. Specific factors to be used that 

are: natural aquatic resources, productivity of aquaculture and agricultural crops, soil cleaning, 

sediments, and fresh water. Thus, the total number of criteria of the vulnerability index in the context 

of high floods is 30 variables of sensitivity (12), adaptive capacity (12), and flood benefits (06). 

2.2.2. Formulation for flood vulnerability index 

Once the variables have been set up, the next steps will be to standardize the data, calculate the 

weights, calculate the exposure index, and classify the vulnerability levels. Values of variables, 

components are normalized and added values from 0 to 1. Here, the adaptive capacity and benefits is 

normalized by an inverse method (as inverse values with vulnerability) [11]. Thus, the vulnerability is 

a function of vulnerability, adaptive capacity and the flood benefits: 

  FVI f S,C,B  (1) 

    S C BV S.w 1 C .w 1 B .w      (2) 

where FVI is the flood vulnerability index; S, C, B are the Sensitivity, Adaptive Capacity and Benefits; 

wS, wC, wB are the weights of S, C, B; S, C, B are calculated by the equation (3): 

 
n

i i

i 1

X X .w


  (3) 

 

where X is the criteria VS, VA, VB; Xi is the value of variables S, C, B; wi is the weight of S, C, B.  

The value of weights is calculated by the AHP (analytic hierarchy process) method [1, 2, 12]. 

3. Results and discussion 

3.1. Results of weights calculation 
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After collecting and analysing data from experts on grading the importance level of the factors, the 

results of the weight calculation for factors are shown in table 1 to table 6. 

Table 1. Weights of social sensitivity. 

Variable Population 
Female 

ratio 

Children 

ratio 

Elderly 

ratio 

Poor 

households 

Literacy 

rate 
Income 

Weight 0.049 0.089 0.135 0.137 0.124 0.082 0.383 

  = 7.60           CR = 7.4% 

Table 2. Weights of environmental sensitivity. 

Variable 
Environmental 

state 

Stability of river 

bank 
Domestic water 

Disease 

outbreak 
Ecosystem 

Weight 0.154 0.087 0.278 0.426 0.055 

  = 5.23           CR = 4.2% 

Table 3. Weights of response capacity. 

Variable 
Experience of 

flood prevention 

Ability of flood 

prevention 
Rescue ability Flood forecast 

Government 

support 

Weight 0.141 0.315 0.367 0.071 0.106 

  = 5.11           CR = 2.4% 

Table 4. Weights of prevention capacity. 

Variable Communication 
Public 

works 
Transportation Irrigation 

Disease 

prevention 

Educational 

recovery 

Self-

cleaning 

environment 

Weight 0.120 0.178 0.198 0.111 0.242 0.092 0.059 

  = 7.20           CR = 3.5% 

Table 5. Weights of benefits. 

Variable 

Increased 

seafood 

quantity 

Increased 

seafood 

productivity 

Increased 

agricultural 

productivity 

Increased 

Alum 

cleaning 

Increased silt 

quantity 

Freshwater 

supplementary 

Weight 0.121 0.120 0.092 0.156 0.151 0.359 

  = 6.09           CR = 1.4% 

Table 6. Weights of criteria. 

Variable Sensitivity Adaptive capacity Benefit 

Weight 0.507 0.229 0.264 

  = 3.00           CR = 0.6% 

3.2. Results of vulnerability index in the event of high flood in An Giang province 

After calculating the indicators and weights of the three critera, the vulnerability index of An Giang 

province is determined for 155 communes of 11 districts as shown in table 7. 

The vulnerability index of high flood in An Giang is shown in figure 3. The levels of vulnerability are 

as follows: (i) Low vulnerability (FVI < 0.2); (ii) Medium vulnerability (0.2 < FVI < 0.4); (iii) High 

vulnerability (0.4 < FVI < 0.6); (iv)Very high vulnerability (0.6 < FVI < 0.8); (v) Extremely serious 

vulnerability (FVI > 0.8). It is shown that there are four communes in the province belonging to the 

medium level of vulnerability with the values from 0.36 to 0.39 in Tan Chau district such as Vinh 

Xuong, Tan An, Long An and Long Chau. The other communes (151 communes) have high 

vulnerability with the values from 0.42 to 0.58, in which the communes with the very high level 

namely Van Giao, Vinh Trung, Nui Voi commune of Tinh Bien district and An Tuc, Co To, Luong An 

Tra, Luong Phi communes of Tri Ton district. None of the surveyed communes are low vulnerability, 

high vulnerability and extremely serious vulnerability. Moreover, the majority of communes in 

districts such as An Phu and Tan Chau are located at the upstream of Mekong Delta from Cambodia 

and frequently inundated in the flood season often have high vulnerability. However, although they 

have high sensitivity but high benefit criterion, it has reduced vulnerability. In addition, districts such 

as Tan Phu and Cho Moi have a high vulnerability because they are located between the two main 
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rivers, the Tien and Hau Rivers, which are low ground and are often affected by flood. Similarly, Long 

Xuyen city, located on the bank of Hau River, has isle communes with a high vulnerability. 

 

Table 7. Results of vulnerability index in the event of high flood in An Giang province.  

District-Commune S C B FVI District-Commune S C B FVI 

AP - Vinh Loc 0.42 0.46 0.65 0.430 TC - Phu Loc 0.37 0.48 0.55 0.426 

AP - An Phu 0.49 0.58 0.63 0.443 TC - Vinh Hoa 0.40 0.46 0.64 0.423 

AP - Long Binh 0.56 0.58 0.76 0.444 TC - Vinh Xuong 0.36 0.48 0.77 0.360 

AP - Da Phuoc 0.45 0.48 0.52 0.471 TC - Tan An 0.36 0.48 0.68 0.388 

AP - Phu Huu 0.45 0.48 0.60 0.451 TC - Tan Thanh 0.36 0.48 0.43 0.450 

AP - Vinh Hau 0.43 0.46 0.61 0.446 TC - Long An 0.36 0.49 0.64 0.392 

AP - Vinh Truong 0.41 0.49 0.64 0.420 TC - Le Chanh 0.38 0.47 0.58 0.424 

AP - Phuoc Hung 0.45 0.46 0.66 0.443 TC - Chau Phong 0.50 0.48 0.49 0.505 

AP - Vinh Hoi East 0.52 0.57 0.57 0.477 TC - Phu Vinh 0.43 0.53 0.61 0.428 

AP - Quoc Thai 0.45 0.46 0.70 0.433 TC - Long Thanh 0.30 0.48 0.43 0.423 

AP - Khanh An 0.44 0.46 0.72 0.418 TC - Long Hung  0.30 0.48 0.44 0.420 

AP - Khanh Binh 0.42 0.46 0.70 0.416 TC - Long Chau  0.37 0.51 0.65 0.390 

AP - Nhon Hoi 0.43 0.46 0.60 0.447 TC - Long Son 0.39 0.46 0.57 0.434 

AP - Phu Hoi 0.43 0.46 0.58 0.454 TC - Long Phu  0.39 0.49 0.58 0.426 

 

Figure 3. Map of vulnerability index of high flood in An Giang province 
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4. Conclusion 

This study aims to improve a method for calculating and assessing flood vulnerability in An Giang 

province. Values of sensitivity, adaptive capacity, and benefits of floods which is a special 

characteristic in Mekong Delta are set up. The total number of criteria of the vulnerability index in the 

context of high floods is 30 variables of sensitivity (12), adaptive capacity (12), and flood benefits 

(06). The steps of calculation: quantifying the variables   standardizing the variables   calculating 

weights of the variables of criteria   calculating the vulnerable index   classifying of flood 

vulnerability for a total of 155 communes of 11 districts of An Giang province. The results show that 

the communes have the flood vulnerability levels. In the context of high floods in 2011, there are four 

communes with medium vulnerability and 151 communes with high vulnerability. The districts 

located at the upstream of the Mekong River such as An Phu and Tan Chau as well as the districts in 

the middle of the Tien and Hau River always have high levels of vulnerability. The study results can 

help in management, planning, and decision-making to reduce the risk of flood in study area. 
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Abstract. Beside the reduction of greenhouse gas emission the adsorption and bounding of 

carbon dioxide is also an important issue to protect the environment from irreversible harms. 

By photosynthesis produced wood material mostly built up from the CO2 content of the 

atmosphere and it is stored until burning or natural decay of the material. Log homes sequester 

significant amount of wood for longer time and the amount in cubic meter and the carbon 

dioxide equivalence were examined in this case study. Wood content of 80 log homes were 

investigated and the average of 35.28 m3 was found. The average stored carbon dioxide per log 

homes was 31 tons, and there is slight difference between one and two storied buildings 0.214 

and 0.284 tons of equivalent carbon dioxide per layout square meter respectively. The ceiling 

height influences the wood content of the building significantly and the variation is higher in 

the case of two-storied buildings. 

1. Introduction 

The International Climate Change Community (ICCC) has identified forests as crucial sinks for 

offsetting atmospheric CO2. To stop the growth of greenhouse gases, it is a good way to increase the 

quantity of wood products from sustainable sources which will increase the demand for timber 

production and consequently the afforestation and reforestation processes. Nowadays various studies 

analyzed the opportunities that how carbon emission can be reduced. Through the whole lifecycle of 

building the operating phase is the larger CO2 emission part, including the heating, ventilation and air-

conditioning energy against the CO2 emissions during building and demolition. Of course the CO2 

emitted during construction phase is not negligible. To reduce carbon dioxide emissions during the 

construction phase, one of the possible solutions is to use environmentally friendly building materials 

[1]. While other materials (e.g.: concrete, bricks, cement, plastic) have high equivalent carbon-

emissions during manufacturing, the wood based building materials have the lowest embodied energy 

and therefore the lowest carbon emission [2]. Moreover log homes has good atmosphere inside, no 

harmful emissions and lower heating energy demands. On the other hand, during the formation of 

wood, atmospheric carbon dioxide is incorporated into the wood for a long time [3-6]. The built-in 

wood material stores significant amount of carbon, because of about 50 weight percent of the wood is 

carbon. Consequently the more wood is built-in to buildings the more is the mitigation of climate 

change supposed to be reforested the area the wood were harvested. Usually the planed life cycle of 

residential buildings is 50 years, however this period can be more times longer in case of log buildings 

store the carbon for centuries. There are mountain regions with three or four hundred year old houses 

without any damage caused be the years. 

The aim of this investigation was to define the amount of wood content in a log home in the relation to 

the size of the building and determine the equivalent carbon dioxide amount the building stores during 

its life cycle. The investigation relates only solid residential wood wall buildings and do not 

considered wood frame buildings or weekend houses. 
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2. Materials and methods 

In this case study the calculations were carried out on the architectural plans of 80 real log homes were 

built in the past or was building at the time of the investigation. The building plan data come from the 

archives of more log home building companies or from the working table in case the actually built 

houses. All building was residential homes built either in Hungary or the region of Mid Europe. Only 

technical data of the buildings were processed without any harm of personal right. The most important 

data concerning this study were the integrated wall surfaces and the thickness of the wall. Both data 

could be read from floor plans and the cross section of the building. The surfaces of windows and 

doors were deducted from the total surface of the walls. The inside walls were also counted without 

the door surfaces. The integrated wall volume was counted in each house and the calculation made by 

the wood data described below. 

The bases of the calculations were given by the wooden log thickness and the surface of wall, but it 

was also considered the ceilings and wooden frame of the insulation fixing and the façade siding, and 

slabs. Doors and windows were not included in the calculations. Due to the variety of slabs, they were 

simplified and based on the most common type, and standard cross section was calculated. High ratio 

of the buildings had rectangular shape wall elements, but there were some with cylindrical cross 

section. The case of cylindrical logs the equivalent cross section was calculated and the data were used 

as to be transformed to a rectangular shape. When the building had an attic then the real wall height 

was counted even if the height was different, and the upstands were included to the calculation. In 

every case the real wood amount was calculated and the less approximation was used as possible. The 

roof contains significant amount of wood, though the roof of the brick buildings is mostly made of 

wood also the purpose of the study was to determine the wood content of log homes and not finding 

the difference to other type of buildings. The materials of doors and windows were not able to 

diagnose on the plan that is the first reason were not calculated, the other reason the variety of door 

windows profiles and cross sections which would have made cause high uncertainty in the calculation. 

The counted wood amount result data was related to the net living area of the building. 

In Europe, spruce (Picea abies) is the most popular construction wood [7]. The companies provide the 

plan data used mostly spruce wood species and only few cases shows different wood species such as 

larch and scots pine that is why the calculation had been run for spruce. Knowing the average density 

of spruce 470 kg/m3 [8] in the case of moisture content of 12% and the volume of walls, the weight of 

the walls can be calculated. Researches have shown that the carbon content of wood species in most 

cases is between 46 and 55% [9-10]. Therefore, in the different calculations usually 50% carbon 

content is used [11-13]. The calculated amount of carbon can convert to amount of CO2, which is 

bounded from the air. 

 

1 kg wood  →  0.5 kg C 

12 g C + 32 g O2  → 44 g CO2 

0.5 kg C + 1.33 kg O2 → 1.87 kg CO2 

 

500 kg carbon bounded in wood body means around 1870 kg carbon dioxide abstraction from the air. 

It can be calculated from the molecule weights of the molecules. In other words 1870 kg CO2 is 

necessary to be deprived from the atmosphere to build around 1 ton of wood. 

 

3. Results and discussion 

The examined 80 buildings contain 8886 m2 built-in living area, and the used total amount of wood 

was 2822.51 m3, representing 2480.7 tons of carbon dioxide. These log houses have an average floor 

area of 111 m
2
 and 35.28 m

3
 wood is consumed which means 31 tons carbon dioxide for an average 

log home.  

Based on these results 0.3176 m3 of timber is needed to 1 m2 of living space construction, which 

represents an average 0.279 tons of atmospheric CO2 for every built in square meter. 

The results were plotted as a function of the floor area Figure 1. Houses with a larger floor area are 

made of more wood and thus store more CO2, but the relationship between the floor space and the 
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amount of CO2 sequestered is not linear. Theoretically the trend looks similar than that of a saturation 

curve. The saturation curve is an exponential function with the equation (1). 

 y = 0.6147x0.7999 (1) 

 

The ‘x’ means the floor area of the building and ‘y’ is the stored CO2 amount.  

 

 

Figure 1 The amount of CO2 sequestered in the examined wooden houses as a 

function of the floor area 

 

If the one and two-storied buildings are examined separately, it is striking that the dispersion of the 

amount of sequestered CO2 in one-storied buildings is smaller Figure 2-3. This is due to the fact that 

while the single-story buildings have only a slight change of ceiling height, the height of the upstands 

is more varied on the two-story buildings. In case of one-storied buildings 0.284 tons of CO2 is 

sequestered in 1 m2 of living space, while this value is 0.214 tons for the two storied buildings.  

 

 

Figure 2 The amount of CO2 sequestered in the examined wooden houses as a 

function of the floor area in case of the one-storied buildings 
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Figure 3 The amount of CO2 sequestered in the examined wooden houses as a 

function of the floor area in case of the two-storied buildings 

 

4. Conclusion 

Comparing buildings in terms of environmental awareness has been more actual than ever before. The 

investigation of 80 log homes results an average data of 31 tons of stored carbon dioxide each building 

which was bonded in 35.28 m3 wood materials. Carbon dioxide concerning to the square meter of the 

building provides a comparison of the one-storied (0.284 ton) and two storied buildings (0.214 ton). 

The ceiling height affects considerable the wood amount of the building. The variety of ceiling height 

is much smaller in single story buildings than that of the two story buildings. 

The log homes store very high amount of carbon dioxide coming from the atmosphere against other 

building type such as brick or concrete buildings. From the aspects of environment protection using 

and producing more wood in a sustainable way is one of the possible fighting weapon against global 

warming. Beside this important fact the atmosphere in the wooden house can be more comfortable and 

healthier than other type of buildings. Sustaining development is the key of our future, so to carry out 

more research would be useful. 
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Abstract: One of the main properties of solid materials are their stiffness. Acoustic vibration 

non-destructive tests have been successfully used to predict the stiffness, i.e. Young’s modulus 

or modulus of elasticity (MOE) values of solid wood and wood-based panels. In this work, 

there was an attempt to evaluate the relationship of dynamic MOE longitudinal and static MOE 

values, of low-density panels produced from bark particles reinforced with various length glass 

fibres. The findings of the results and the observed strong coefficients of determination suggest 

the possibility of the proposed Non-Destructive Test (NDT) method as a prediction tool for the 

MOE estimation of similarly produced bark-based panels. By means of this non-destructive 

method can be tested the materials without breaking the material and the results available right 

after the test. 

1. Introduction 

Wood based panels are essential and common raw materials suitable for engineering applications in 

the building construction and furniture industry. These represent a variety of products in the shape of 

panels in which various species of wood is bonded with structural and non-structural adhesives. 

Wood-based panels are made in the form of veneers (plywood, laminated veneer lumber), particles 

(particleboards, oriented strandboards) and fibres (fibreboards). Wood-based panels such as 

particleboards make use of low grade logs, thinning, and recycled wood and wood residues as raw 

materials during their manufacturing [1]. 

Each year large amounts of bark are remained as waste in the forest or sawmills. The disposal of bark 

waste has traditionally been used as biomass for energy production. Several, past research efforts have 

studied the feasibility of making particleboards from bark residues. The results have shown the 

successful replacement of wood particles from bark particles up to a range of 30 to 50%. Beyond this 

percentage, the physical and mechanical properties of the bark-based particleboards are substantially 

decreasing and usually not fulfil the standard minimal requirements even for furniture manufacture 

[2,3]. Although, under certain conditions and due to the inherent low thermal conductivity value of 

bark, particleboards made of bark particleboards, it was shown that could be used as thermal insulation 

panels where the mechanical properties are not in priority [4,5]. 

One of the main mechanical properties of solid materials, such as wood panels, is the determination of 

Young’s modulus, also referred as modulus of elasticity, which depicts the bending stiffness or 

resistance of the material, i.e. how much a wood panel would deflect under load in the elastic range. 

However, worldwide research efforts have been focused on the development of non-destructive tests 

to be used in the forestry sector. Ross in [6] defines non-destructive evaluations as ‘the science of 

identifying the physical and mechanical properties of a piece of material without altering its end-use 
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capabilities and then using this information to make decisions regarding appropriate applications’. It is 

further stated that such evaluations rely upon various appropriate non-destructive tests and their 

selection depends by the particular performance or interest quality characteristic. Among them non-

destructive tests include sound vibration, acoustic or stress wave tomography, ultrasound and X-ray 

[7].  

Acoustic tools are a non-destructive method of predicting the physical and mechanical properties of 

timber and wood-based materials. The principle of this method is based on the speed at which an 

induced sound or stress wave travels through a sample of wood. These changes in the acoustic velocity 

will cause the wood sample to vibrate as its resonant frequency [8]. As stated [9] the spreading 

velocity of sound waves depends on the elastic properties and moisture content of the material and it is 

possible to determine the modulus of elasticity using longitudinal waves. Dynamic tests based on 

resonant frequency have shown strong correlations between the longitudinal and static modulus of 

elasticity values of small wood specimens and also in structural timber and logs [10]. Further, stress-

wave vibration technique have been successfully used to determine the modulus of elasticity of wood-

based panels [11-13]. 

The objective of this work was to receive some preliminary results i) for the estimation of elastic 

properties (modulus of elasticity) of low-density bark-based panels reinforced with glass fibres, based 

on sound vibration (resonant frequency) non-destructive test (NDT) and ii) to assess if the existence of 

correlation between the dynamic and static bending stiffness of the proposed panels. Glass fibres in 

different lengths were mixed with the bark particles, to investigate their potential feasibility as 

reinforcement materials in the proposed bark-based panels. 

 

2. Materials and methods 

 

2.1. Materials 

The whole bark samples used in this research were directly collected from the debarking units of a 

wide diameter range harvested poplar logs stored in a local sawmill at the area of Sopron, Hungary. 

The E-glass fibres roving (EC 14-300-350) used for this study was supplied by Tolnatext company 

(Tolna, Hungary). The investigated lengths of 12 mm (GF_12), 18 mm (GF_18), 24 mm (GF_24) and 

30 mm (GF_30) were manually cut from the obtained fibreglass roving cylindrical packages. The 

commercial UF resin and hardener used in this work was purchased by DUKOL Ostrava s.r.o. 

 

2.2. Bark panels manufacturing 

Initially, the various thicknesses bark slices, comprising of inner and outer bark were collected and 

dried below 20% into a chamber. Consecutively, the inner and outer bark, were cut into small pieces 

and chipped into particles using a hammer mill equipped with an 8-mm screening holes. The 

granulated bark particles sized from 0.5 mm to 8 mm fractions were used as raw material for the 

manufacturing of bark panels. The moisture content of the bark particles was reduced the range of 6% 

to 9% before further processing. 

The randomly oriented, chopped glass fibres with the prepared dimension lengths were placed and 

homogenized with the bark particles in a laboratory type blender for five minutes, before pressing. A 8% 

urea formaldehyde (UF) adhesive stirred with a 35% aqueous solution of ammonium sulfate 

(NH4)2SO4 as catalyst, was sprayed on the mixture of bark particles and glass fibres.  

Forthwith, the glued mixtures were manually layered and formed in a wooden frame into a mat. 

Thereafter, the frame was removed, and the mats were pre-pressed by hand to compact the materials 

without heat transfer. Following, the mats were transferred to a single-opening hydraulic hot press 

machines (Siempelkamp). The pressing temperature was set at 180°C with a pressing time of 18 

seconds per thickness millimetre at a maximum pressure of 2.86 MPa. Constant weight of bark 

particles and glass fibres were weighted to obtain the target density of 350 kg m-3. Control panels at 

the target density of 350 kg/m3 (C_350) were used as reference. Single-layered boards with 

dimensions of 500 mm x 500 mm x 20 mm were produced using approximately 1.6±0.5 kg of dried 

bark particles and 50 g glass fibres for each composite. 
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2.3. Measurements 

All the composites panels were kept at standard climate conditions (20°C and 65% relative humidity), 

until equilibrium moisture content (EMC) was achieved, prior to experimental measurements. The 

density and moisture content of each panel were determined according to the European standards EN 

323:1993 and EN 322:1993, respectively. 

2.3.1. Modulus of elasticity in static bending. The modulus of elasticity (MOEsb) as well as modulus of 

rupture determination of obtained bark composite panels were characterized by a 3-point bending test 

(figure 1a), with a universal testing machine Instron 5506, in compliance with the appropriate 

European Standards EN 310 (1993) at a crosshead speed of 8 mm min-1. MOE were calculated on 

specimen dimensions of 450 mm x 50 mm x 20 mm, according to the following equations: 

 

         
  

   
   

  

                   (1) 

 

L is the span between supports (mm), b is the width of the specimens (mm), and d is the thickness of 

the specimens (mm), ΔF is the load increment and Δα is the deflection increment rate. Young’s 

modulus was calculated from the elastic region of the stress-strain curves, corresponding to strains 

between approximately 10% and 40%. 

2.3.2 Dynamic modulus of elasticity in longitudinal vibration. In this work, vibration non-destructive 

tests through resonant frequency signals were performed on the glass fibre reinforced bark-based 

panels using the ‘Stress Wave Vibration Equipment’ developed by Fakopp Enterprise Bt, Hungary. 

The setup is simple and accompanied with the necessary software which based on a Fast-Fourier 

Vibration analyser, that directly displays the maximum peak frequency intensity. The determination of 

the longitudinal (figure 1b) was conducted according to the manufacturer’s manual instructions.  

The calculation of dynamic modulus of elasticity in longitudinal vibration (MOElv) was performed 

according to the following equation: 

 

                              (2) 

 

where ρ is the density, L the length of the specimens and f is the longitudinal vibration frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Determination of MOE through the desctructive [a] and non-destructive tests [b] 

 

Regression analysis measurements were conducted to evaluate the correlation relationship between the 

static MOEsb values as a function of dynamic longitudinal MOElv of the reinforced bark-based panels. 

 

3. Results and discussion 
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For the determination of dynamic MOElv, the first vibration mode which represents its stiffness under 

compressive stress was measured, in consequence with the study on scantlings originating from 

Eucalyptus plantations [10]. Table 1 shows the mean density, MOR, MOEsb, MOElv values of the 

results obtained from the investigated bark-based panels. Ratio values were determined from the 

division of MOElv by the MOEsb. Coefficient of determinations (R2) were linearly calculated to 

evaluate the correlation dependence of static MOEsb as a function of the dynamic MOElv on the 

specimens in each group of panels. 

 

Table 1 Reported mean values of the measured properties in this study. Standard deviations values are 

in brackets 

 

Bark-panels Density (kg/m
3
) MOR (MPa) MOElv (MPa) MOEsb (MPa) Ratio R

2
 

C_350 
372.11 

(±  25.57) 

1.20 

(±  0.52) 

398.05 

(± 98.78) 

200.15 

(± 69.63) 

2.09 

(±  0.65) 
0.50 

GF_12 
371.17  

(±  19.49) 

0.99  

(±  0.32) 

335.39  

(±  59.02) 

193.45  

(±  48.58) 

1.76  

(±  0.16) 
0.97 

GF_18 
385.01  

(±  14.11) 

0.93  

(±  0.22) 

323.56  

(±  44.72) 

166.45  

(±  21.03) 

1.94  

(±  0.12) 
0.84 

GF_24 
376.00  

(±  14.77) 

0.69  

(±  0.24) 

277.03  

(±  65.95) 

143.30  

(±  30.98) 

1.93  

(±  0.17) 
0.85 

GF_30 
373.54  

(±  11.87) 

0.68  

(±  0.16) 

295.20  

(±  30.69) 

285.43  

(±  24.85) 

1.03  

(±  0.04) 
0.89 

 

As shown by the results the bark-based panels density was in the range of 350-400 kg/m3. A possible 

explanation for the increased mean density of the produced panels related to the target density of 350 

kg/m
3
 could be the compression of bark particles during the hot pressing. Further, it was found that the 

addition of glass fibres exhibited opposite outcome, instead of the theoretically expected 

reinforcement on the mechanical properties of the bark panels. Additionally, the modulus of rupture 

was gradually decreasing by increasing the length of the glass fibres from 12 mm up to 30 mm. 

However, it seems that glass fibres did not occur any significant influence in the MOE, i.e. the 

stiffness of the investigated panels. 

As illustrated by the results, the R2 values in each group of panels were above 0.8 indicating strong 

correlation between the static and dynamic MOE measurements. The coefficients of determination 

resulted to be from 0.84 to 0.97. The only exception was in the case of control bark boards, in which 

the R2 was defined as 0.50. 

As it is generally expected, the estimated MOElv are higher than the calculated MOEsb. This trend was 

verified for all the measured specimens. The mean averages of the ratio values of the C_350, GF_12, 

GF_18, GF_24 and GF_30 panels were relatively high compared to an investigation on commercial 

wood-based panels [14].  

 

4. Conclusion 

In this study, there was an attempt to assess the calculation of MOE values of bark based panels with a 

common and simple set-up non-destructive test method. The predicted R2 indicated comparatively 

strong correlations between the dynamic and static modulus of elasticity values. Therefore, 

determination of MOE low density reinforced bark-based panels through acoustic (resonance 

frequency) tests could potentially be feasible. However, higher amount of specimens is necessary to 

enhance and further verify the MOElv and MOEsb relationship through regression analysis statistics 

measurements. Results show the non-destructive testing for determination of mechanical properties 

needs further investigation. Testing method developed for structural material needs more sophisticated 

settings of parameters, but correlation could be found between tasting methods. 
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Abstract. The aim of this paper is to analyze the experience of applying the geoinformation 

system for the purpose of quality management and sustainable development. Enterprises from 

all fields of activity, including maintenance, use geoinformation systems in their strategic 

planning. At the very beginning of the work are described the terms of geoinformation systems, 

their application and capabilities, and the software for making GIS is described. Through 

examples of good practice, an overview of the application of GIS in the fields of agriculture, 

transport and ecology will be presented on case study of Croatia. 

1. Introduction 

The information system as a support to business activities is critically important for successful 

business processes of business entities. The application of modern information technologies 

contributes to the improvement of business operations in interdisciplinary maintenance activities. It 

should be stressed that technological progress is a key factor in the contemporary world economy. The 

Internet, as the most significant technological phenomenon of today, provides the entities with some 

completely new competitive opportunities. 

The introduction of Geographic Information System (GIS) and the mode of presentation it offers 

offers new opportunities in terms of expanding geographic solutions in space, cost reductions and 

increasing service quality. By introducing new guidelines in planning and building geographic 

information systems to support the maintenance process and by analyzing business process 

maintenance, GIS develops for the first time with specific business needs. 

There are several developmental lines that should provide a solution to the GIS problem on the 

technological and organizational side. First of all, it refers to technologies that make it easier to use 

existing capacities as well as to simplify the upgrading of existing infrastructure and services that GIS 

supports. After the theoretical discussion will be a day of experience of GIS application in the field of 

maintenance in agriculture, transport and renewable energy. 

 

2. Theoretical considerations of geographic information system (GIS) 

GIS is an abbreviation of a "geographic information system", a system that collects, stores, analyzes, 

manages and displays spatial data. The simplest explanation is that GIS is merging cartography and 

technology into databases. GIS systems are used in cartography, remote research, geodesy, communal 

management, photogrammetry, geography, urban planning, emergency management, navigation etc. 

[1] 
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When we say for some system of data, analysis and representation of their dependence on space in 

space that it is a GIS system, then under that name we mean that it is a system that basically works 

with data representing an object (appearance, technical means, building and etc.) that is related to 

some coordinate position in space and in geographical interdependence with other objects in that area. 

Different symbols, colors, shapes, and display styles allow us to visualize three-dimensional objects 

from the real world on two-dimensional maps in a visually acceptable way. 

Information in the GIS system consists of large amounts of data collected in different ways and more 

specifically describe each of the geographic objects in the observed system. Only the data collected for 

each of the objects (from the interest of the observed analysis and the actual state of view) are linked 

to one entity when we add them, along with the other, and the geographical attributes (for each object 

individually). [2] 

The application of these systems is multifaceted in maintenance activities, among which we can 

highlight the following: 

• economy (planning, supply, traffic management, geomarketing) 

• maintenance of the environment (air, water, vegetation, agriculture, waste disposal) 

• research (, climatology, archeology, medicine, criminology) 

• management (cadastre, surveying, geodesy, spatial planning, army). 

 

Figure 1. GIS functions 

 
 

However, in order for the system to function, certain preconditions for GIS development in practice 

need to be met. Although somewhat different interpretations of the GIS definition are identical in 

defining the basic GIS components, namely: 

• educated and well-motivated experts (for computers, for various scientific disciplines, GIS operators, 

GIS experts, software engineers, etc.) 

• data (spatial, temporary, attributes, etc.) 

• programs and methods (programs for collecting, processing, analyzing and displaying data etc.) 

• hardware (IT and IT equipment - computers, measuring devices, communication devices, printers, 

drawers, scanners, etc.). [3] 

 

These prerequisites should be accepted and implemented in the practice of economic entities in order 

to improve the maintenance activity in these sectors through the GIS system. 

3. Spatial data types in GIS 
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In the theory and practice of geographic information systems we encounter specific forms of data and 

can be classified into the following categories: 

• graphic data 

• textual data 

• animation 

•  pictures 

• videos 

• audio tracks. 

 

Although we can simplify this division and say that GIS generally consists of graphical and attribute 

data, it is apparent that geoinformation systems increasingly become multimedia technologies. The 

graphic data is in vector or raster format. The most commonly used vector structure is represented by a 

mathematical description, a complex, more efficient topology, allowing direct access to the object as 

well as storing data with greater accuracy than that of a raster structure. [4] Specifically, in the raster 

structure, the data is represented by a pictorial element (pixel) whereby the position of the object is 

defined by the position of the image element (row and column number) in the image matrix, and each 

image element can occupy one value. The advantage of raster structure is simplicity, which is also its 

flaw, because the individual object is difficult to present with sufficient accuracy. Most of today's 

programming systems enable work with both vector and raster data. 

 

Figure 2. Data models in maintenance of agricultural land 

 

 
An example of an application of spatial data in GIS in agriculture is shown in the figure 2 where it is 

necessary to classify the areas by type of land. By displaying any information on the raster data model, 

all details of the cell or pixel variations are lost, and each cell / pixel contains only one value. Thus, in 

a simple structure of raster data, every pixel has either no or no entity, while the complex structure of 

raster data is recorded by different entity codes (eg, different functions of the soil). Generally speaking, 

basic spatial data elements that are processed in the analyzes are location, attribute data and topology. 

Location refers to the determination of coordinates (X, Y); attributive data describes the non-spatial 

features of certain locations while the topology describes the geoobject interactions. 

 

4. GIS application in agriculture: Case study of Croatia 
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Council Regulation (EC) No. 1290/2005 stipulates that the EU may only finance grants paid in the 

Member States through an accredited Paying Agency. The Republic of Croatia is obliged to use funds 

from the Structural Funds (IPARD) as well as to make the establishment and national accreditation of 

the Paying Agency as well as accreditation by the European Commission, prior to joining the 

European Union. All EU Member States need to set up an Integrated Administrative and Control 

System (IACS). This Integrated System needs to be applied primarily to support models. 

The Identification System for Agricultural Plots (LPIS) should be established on the basis of maps or 

documents of the land register or other cartographic sources. The use is provided by the computer 

geographic information system (GIS), including primarily spatial orthophotos, as shown in Figure 3. 

 

Figure 3. Environment maintenance using the ARKOD system 

 

 
 

It is a centralized system in which process power and data storage concentrate in the center, so 

communication links of appropriate permeability are ensured from each branch office to the center. 

Also educated and trained by a number of specialists, starting from administrators as advanced users 

and end-users, to work with GlS (ARKOD is the Croatian version for LPIS). According to Council 

Regulation 796/2004, the agricultural land identification system should operate on the basis of 

reference parcels such as cadastral parcels or production blocks, which will ensure a unique 

identification of each reference parcel. 

5. Application of GIS systems in maintenance of geospatial thermal springs in Croatia 

The next area of application of the GIS system is the planning and maintenance of the space where the 

thermal springs are located. An example is presented in the field of analysis of experience in the field 

of Eastern Slavonia. In order to have geothermal reservoirs besides suitable temperatures, they are also 

necessary for deep reservoirs or water-bearing geothermal water. Most importantly, we find the 

surface of the tertiary rocks of the Pannonian Basin. There, among the various broken rocks, the most 

significant Mesozoic massive rocky rocky rock masses are. One in the geothermal fields of Lunjkovac 

- Kutnjak, Velika Ciglena, the Zagreb geothermal field and many other places form massive, over one 

thousand meters of thick waterfowl. Most of the spa of Croatia is connected with this most significant 

geothermal aquifer, and also this local spa near Lipik, Daruvar and Velika. 
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Figure 4. Interpretation based on 2D seismic profile and deep well Tek-1, potential favorable 

distribution of potential geothermal aquifers in carbonate rock mosses (lighter shrubs) and bottom 

bridge sand (dark shrubs) 

 
Although the tertiary deposits have a cover or isolator character, for the geothermal tributary on the 

surface and the preservation of geothermal deposits, and within them there are geothermal waterborne, 

as in the carbonate sequences of myocene age, in the Požeška valley found by the deep Tekić-1 (Tek-1) 

borehole well-permeable sandy bodies of Pannonian and Pontic Age, registered with the same 

borehole. The possibility of their widespread use is presented, thanks to the interpretation of existing 

geophysical measurements, specifically 2D seismic profiles, in the Golden Valley. Terme Đakovo 

Breznice on natural springs and wells Đakovačka Breznica-1 (ĐB-1) are linked to the Miocene 

carbonate age. 

Experiences on geothermal and mineral water exploration and production in the Pannonian basin of 

the Republic of Croatia enabled the indication of its untapped potential in the Vallis Aurea area. The 

presence of all these types of rocks has been established and their favorable position for the formation 

of the reservoir is indicated by the interpretation of geological geophysical observations and 

measurements, including 2D seismic profiles by drilling and hydrodynamic examination and the 

geothermal production of these deep wells, which provides a solid basis for detailed research and use 

geothermal water using the GIS system. 

6. Application of GIS systems in traffic infrastructure  

The application of GIS at airports goes from planning and designing the development of airports to 

support day-to-day operations at the airport. Several applications of GIS will be mentioned in the 

example of Split Airport. Below are classified as[6]: 

 

• 3D GIS analysis of the barrier-determining the size of obstacles on the Split airport space and 

classifying the larger area in the area with the same permissible height for buildings. 

• Business application Aircraft Parking-planning, organization and coordination of air traffic on the 

airport station. 

• The WEB GIS Business Application - The Emergency Planning Plan for Emergency Airport 

Intervention is available to everyone, providing more information on the shortest route to a selected 

vehicle type (eg fire brigade, police). 

•WEB GIS Business Application-Birds- Automated Event Records and Reporting of Birds by Email 

and SMS, stored in a database. 
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Figure 5. Visualization of GIS results on the example of Split Airport 

 

Classification and visualization of the results shows the obtained distances of protective surfaces from 

the terrain classified in 13 classes. Scanned and geo-referenced state maps of scale 1: 5000 are 

overlaid with vector data classification. The obtained map represents the visualization of 3D GIS 

analysis results and serves in the process of designing and harmonizing spatial development solutions 

for the surrounding settlements, hence the further development of the Split Airport. 

7. Proposed use of GIS tools in maintenance area 

The development of Internet technology has a great impact in all branches of human activity, as well 

as in the explanation of maintenance activities. Data is increasingly available in digital format, 

providing a new and faster way of processing and analyzing spatial data. So there are currently a 

number of GIS tools available that can be applied in practice. The following are the most significant: 

 

• gvSIG -prepared for Java, Linux, Unix, Mac OS X and Windows platforms. 

• JUMP GIS / OpenJUMP ((Open) Java Unified Mapping Platform) 

• MapWindow GIS - a free desktop application 

• Quantum GIS (QGIS) - runs on Linux, Unix, Mac OS X and Windows platforms. 

• SAGA GIS (System for Automated Geoscientific Analysis) 

• uDig 

• Capaware - A C ++ 3D GIS application for geographic visualization 

• The FalconView - mapping system develops on the Georgia Institute of Science, an open source tool. 

• Kalypso uses Java platform and is used in visualization of water surfaces 

• TerraView. 

 

8. Conclusion 

Using GIS technology, it is possible to collect, create, maintain, and analyze spatial data and perform 

different tasks from planning and design to deployment and relay of operational tasks, and thereby 

establish a quality platform for management to make the right decisions in maintenance activities. GIS 
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technology allows the use of georeferenced spatial data, which gives the maintenance system in 

economic development an additional dimension and raises the overall system quality by linking users, 

projects, addresses, financial, cadastral and geographic data to all other sources of information. 
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Abstract. This study aims to investigate the fate of carbon in two-stage anaerobic digestion 

(TAD) of vegetable waste. The TAD including a hydrolytic reactor and a methane reactor were 

controlled at mesophilic temperature (36±1oC) with a retention time (RT) of 9 days and 20 

days, respectively. Carbon tracking was conducted step by step throughout the system. Non-

hydrolysable carbon accounted for a significant proportion of total initial carbon (25%). 

Meanwhile, a large amount of carbon in the feedstock (23.5%) was hydrolysed but remained in 

the effluent including water and suspended solids. It was mostly inorganic carbon which is not 

harmful to the environment. The only 41.3% initial carbon was converted to biogas in both 

reactors. In the hydrolytic reactor,  biogas was mainly carbon dioxide (99%), accounted for 

11.3% of total biogas and 35.8% of total CO2 product. In the methane reactor, biogas was 

373.9 Nml/g-VS including 73.3% CH4, 21.9% CO2 and 4.8% others. Non-hydrolysable 

materials can be a source of thermal energy. Meanwhile, a large amount of hydrolysed carbon 

was not converted into biogas, was still in the effluent, it was a significant energy loss. 

Therefore, how to further increase the effectiveness of TAD is an issue that needs to study.  

1. Introduction 

Vegetable waste (VW) is generated daily with enormous amounts everywhere in the world as a natural 

consequence of agricultural activity and the food industry [1; 2]. Unfortunately, It has a high 

biodegradability feature. Pham Van et al. (2018a) [3] reported that hydrolyzable rate and ultimate 

biodegradable rate of VW were 74% and 49-69%, respectively. Meanwhile, Li et al. (2013) [4] and 

Lin et al. (2011) calculated biodegradability based on the theoretical methane yield and showed that 

biodegradable rate of VW was 59.3 and 71.7 %, respectively. Therefore, disposal of VW into landfills 

or dumping sites inevitably causes the various environmental problems by the occurrence of anaerobic 

digestion (AD) naturally. AD is a series of bio-degradation processes in the condition of oxygen 

absence by activities of anaerobic microorganism [5; 6]. These processes create both intermediate 

products (soluble materials, volatile fatty acids) and biogas products (CH4, CO2, H2S, NH3) [7; 5; 8]. 

This leading to negative effects are separated into two categories: atmospheric effects and 

hydrological effects [9; 1]. The atmospheric effects include odour pollution and greenhouse gas 

emission. The hydrological effects are mainly groundwater contamination, surface water pollution. 

Thus, controlling the AD processes of VW in the reactor systems has attracted attention as one of the 

best sustainable solutions [6]. AD system does not only solve the problem of solid waste pollution that 
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humanity is facing, but also contribute to guarantee energy security while fossil fuel energy is 

decaying out.   

The most used anaerobic digestion systems include the wet single-stage, the dried single-stage, and 

two-stage systems. In which, the dried system is applied for high total solids (TS) concentration of 

feedstock (TS>20%) [10].  Meanwhile, VW was often reported having the characteristic of low TS 

concentration (<20%) [1]. Moreover, the wet single-stage systems have a series of disadvantages 

compared to the two-stage systems such as short-circuiting, sensitive to shock load and inhibitors, sink 

and float phases [10]. Therefore, the two-stage anaerobic digestion system is the most effective for the 

treatment of VW. However, the information in applying the two-stage digestion system to deal with 

VW is still limited.  

The anaerobic digestion pathway of the feedstock to biogas includes hydrolysis, acidogenesis, 

acetogenesis, and methanogenesis, has been studied particularly and well known in the literature. In 

recent years, a large number of articles has been focusing on the possibility of conversion to biogas of 

substrates through the biomethane potential tests. Others have investigated the rate of transformation 

through kinetic equations. In brief, most study in the research area in anaerobic digestion has made 

conduct to find the relationship between feedstock (input) and biogas (output products). A series of 

papers performed AD of vegetable in the same conditions of temperature, pH, total solids but biogas 

yields were very different. So there are many questions left open with limited information in mass 

flow of the anaerobic process. Chernicharo and Augusto (2007) presented a very simple scheme of 

biological conversion in the anaerobic system through chemical oxygen demand (COD) values. In 

which, 100% COD of feedstock is distributed to biogas (70-90%), biomass sludge (5-15%) and 

effluent (10-30%). Meanwhile, van Lier et al. (2008) [11] assumed that in 100% COD of feedstock is 

converted into biogas (75-85% COD), biomass sludge (5% COD), and effluent (10-20% COD). And 

both groups of authors did not show proof of their assumptions. Moreover, the feedstock is not only 

biodegradable materials but also non-biodegradable fractions, and the effluent is not only wastewater 

but also suspended solids. Furthermore, the fate of feedstock in two-stage digestion is unknown in the 

literature. Therefore, the current literature does not make satisfaction in considering the fate of 

feedstock in anaerobic digestion.   

To clarify the mentioned issue above this study was conducted to investigate two-stage anaerobic 

digestion of vegetable. The system including hydrolytic and methanogenic reactors was operated at 

mesophilic temperature (36±1oC). Carbon from feedstock, intermediate product (hydrolysate), and 

final products (such as biogas, biomass, and effluent water) were determined to track the input and 

output of reactors. This study was performed at Okayama University, Japan in 2018.  

 

2. Materials and methods 

2.1. Feedstock 

Vegetable waste was collected at an agricultural field of Okayama University where the activity is not 

only limited in producing vegetable products but also like a small vegetable supermarket. Thus, VW 

was fresh at collection time. The vegetable was cut into small size particles by manual then blended by 

a household blender. Finally, VW was mixed with horse dung by the ratio of 10:1 to form the 

feedstock. In which, horse dung played the role of the bacterial source for the hydrolysis process. The 

feedstock had characteristics of 7.4% TS, 6.1% VS, and C/N ratio of 15.7. 

2.2. Analytical methods 

Gas content (carbon dioxide, methane, and others) was determined according to the method described 

by  Pham Van et al. (2018a). Carbon (C) in the solid samples was analysed using a CHN analyser 

(2400 II, PerkinElmer, USA). Meanwhile, the liquid samples were filtered through a 0.45 µm 

microfilter paper before measuring by using TOC analyser (Shimadzu, 2010). TS, VS, and pH were 

carried out in accordance with APHA standard methods [12]. A brief description was presented by 

Pham Van et al. (2018b) [13] and Dinh et al. (2018) [14]. In which, the TS content was calculated 

after drying the samples at 105oC for 24 hours to reach the constant weight. The VS was determined 
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after drying the total solid at 550oC for an hour to reach the constant weight. The pH-value was 

detected using the LAQUAtwin (Horiba, Japan). 

2.3. Experimental setup 

The scheme of the two-stage digestion system is presented in Fig.1. In which, the hydrolytic process 

employed a continuously stirred tank reactor (CSTR). This reactor was operated in batch mode with 

pH of 6.5, a retention time of 9 days, and at a temperature of 36 ± 1oC. After hydrolysed, the substrate 

was filtered through a sieve (pole of 1mm) to remove non-hydrolysable materials before being stored 

in a buffer tank. In the buffer tank, the liquid was diluted (five folds) with tap water and mixed by a 

magnetic stirrer. The temperature was not controlled in this tank. The liquid from the buffer tank was 

pumped into a methane reactor by using a peristaltic pump. The methane reactor was an upflow 

anaerobic sludge blanket reactor (UASB) with the temperature maintained (using a hot water jacket) at 

36 ± 1oC. The UASB was operated with continuous mode and a hydraulic retention time of 20 days. 

Before the current experiment, the UASB reactor had been warmed up nearly five months with 

anaerobic bacterial cultures originated from horse dung.  

 

Fig. 1. Diagram of the experimental model 

2.4. Diagram of carbon sampling 

The carbon metabolism was evaluated through the input materials and output products of each process 

in the two-stage digestion system. Among which, the products of hydrolysis include carbon dioxide, 

non-hydrolysable fraction and hydrolysate. The products of the methanogenic process contain biogas, 

wastewater and suspended fraction in the wastewater. Details of carbon sampling are shown in Fig. 2. 

 

Fig. 2. Diagram of carbon sampling  

Carbon sampling 

Feedstock Hydrolysis 

Methanogenesis 

Biogas 

Waste water 

Suspended solid Non-hydrolyzable 
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3. Results and discussion 

Data of carbon in the feedstock, hydrolysate, and final products of the two-stage anaerobic digestion 

was observed, and the flow of carbon is shown in Fig. 3. In which, carbon of the non-hydrolysable 

fractions and the effluent were a high proportion of 25.0% and 23.5%, respectively. The only 41.3% of 

the total initial carbon was converted into biogas. The rest of carbon including biomass sludge and lost 

of mass accounted for 10.2%. Compared to the aerobic process, it was often reported that 50-60% 

mass of feedstock converted into sludge [7]. This residual sludge has to be treated, and it is a cost 

burden for the treatment plant [15]. Thus, less biomass sludge production is one of the big advantages 

of anaerobic processes compared to aerobic processes. It was often reported that biomass sludge was 

generated from about 5% of feedstock [11]. Therefore, the loss of mass could be approximately 5%.  

 
Fig. 3. The fate of carbon in the two-stage anaerobic digestion 

Hydrolysis of fibrous materials is a relatively slow process. Meanwhile, the materials used in this 

study were often reported containing a large amount of fibre. In particularly, Kafle and Chen (2016) 

[16] analysed characteristics of HD and detected a very high crude fibre concentration up to 38.5% TS. 

Abbasi et al. (2011) [17] reported that vegetable also containing a high lignocellulose composition up 

to 30.2 % of TS. That explains why this study found a high proportion of non-hydrolysable carbon in 

the feedstock (accounted for 25% total initial carbon). Likewise, Pham Van et al. (2018a) also 

investigated the co-hydrolysis of HD and VW through carbon metabolism, reported that non-

hydrolyzable rate of HM and VW were 39% and 26%, respectively. Wu et al. (2016) [18] performed 

vegetable digestion by a two-stage digestion system and reported that solid fraction after hydrolysis 

was 30.5% TS.  

Biogas production: the only 41.3% of initial carbon was converted to biogas equivalent to the biogas 

yield of 419.4 Nml/g-VS. In which, biogas from the hydrolytic reactor was mainly carbon dioxide 

(99%), accounted for only 11.3% of total biogas and 35.7% of total CO2 product. Pham Van et al. 

(2018a) also observed a high proportion of CO2 in hydrolysis (12-44% of total CO2). Fortunately, 

hydrolysis does not generate poison gas such as H2S and NH3 [5]. So biogas from hydrolysis can be 

discharged directly without any treatment process. Therefore, the idea of TAD not only helps digestion 

system more stable but also reduces a significant cost of biogas upgrading. Meanwhile, biogas was 

mainly produced in the methane reactor (373.9 Nml- biogas/g-VS) including 73.3% CH4 (equivalent 

to 274.1 Nml- CH4/g-VS), 21.9% CO2, and 4.8% others. Related to the use of the two-stage system for 

digestion of vegetable waste, the result in this study could be compared to the report of Wu et al. 

(2016) who also used a configuration of CSTR for hydrolysis and UASB for methanogenesis, 

observed methane yield of 244.2 ml/g-VS. Meanwhile, Zuo et al. (2014) [19] received a higher 

methane yield (290-310 ml/g-VS) when using FBR for methanogenesis.  

Effluent water. The effluent from the methane reactor contained a large amount of carbon (23.5% of 

total initial carbon). In which, the main proportion was inorganic fractions (21.5). Organic carbon was 
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only 0.365 mg/l equivalent to 2.9% of total initial carbon. Therefore, the effluent will release very low 

greenhouse gas emission values, even not. Meanwhile, a huge amount of nitrogen, phosphorous, and 

minerals are not converted into biogas remaining in the effluent [20]. Therefore, the effluent can be a 

potential source of fertiliser which can replace conventional chemical source. Suspended solids were a 

low concentration of 350 mg/l equivalent to 1.63% of initial carbon.  

 

4. Conclusions and Recommendations 

Anaerobic digestion of VW was conducted successfully by the two-stage digestion system with a 

configuration of SCTR-UASB. In the hydrolytic reactor, non-hydrolysable carbon accounted for a 

significant proportion of total initial carbon (25%). It could be originated from fibrous materials which 

have a very low rate of degradation. This amount of non-hydrolysable substance can be a potential 

source for composting or burning. Biogas in this reactor was mainly carbon dioxide (99%) which was 

accounted for 11.3% of total biogas. Meanwhile, carbon dioxide has no energy values and does not 

contain poison gas then it can be discharged directly. In the methanogenic reactor, biogas yield was 

produced 373.9 Nml/g-VS including 73.3% of CH4 (equivalent to 274.1 Nml- CH4/g-VS), 21% of CO2 

and 4.8% of others. One major of material flows was effluent with 23.5% of carbon in feedstock 

remained in wastewater including water and suspended solids. However, almost carbon in the effluent 

was inorganic carbon and not harmful to the environment. Thus, the effluent can be a potential source 

of fertiliser which can replace conventional chemical source.  

 

5. References 

[1] Ji C, Kong C-X, Mei Z-L and Li J 2017 A Review of the Anaerobic Digestion of Fruit and 

Vegetable Waste Appl. Biochem. Biotechnol. 183 906-22 

[2] Lin J, Zuo J, Gan L, Li P, Liu F, Wang K, Chen L and Gan H 2011 Effects of mixture ratio on 

anaerobic co-digestion with fruit and vegetable waste and food waste of China J. Environ. Sci. 

23 1403-8 

[3] Pham Van D, Hoang M, Pham Phu S and Fujiwara T 2018a Kinetics of carbon dioxide, 

methane and hydrolysis in co-digestion of food and vegetable wastes Global J. Environ. Sci. 

Manage. 4 401-12 

[4] Li Y, Zhang R, Liu G, Chen C, He Y and Liu X 2013 Comparison of methane production 

potential, biodegradability, and kinetics of different organic substrates Bioresour. Technol. 149 

565-9 

[5] Deublein D and Steinhauser A 2011 Biogas from waste and renewable resources: an 

introduction (Germany: Wiley-Interscience) 

[6] Van D P, Fujiwara T, Tho B L, Toan P P S and Minh G H 2019 A review of anaerobic digestion 

systems for biodegradable waste: Configurations, operating parameters, and current trends 

Environ. Eng. Res.  

[7] Chernicharo D L and Augusto C 2007 Anaerobic reactors vol 4 (London: IWA publishing) 

[8] Ostrem K 2004 Greening waste: Anaerobic digestion for treating the organic fraction of 

municipal solid wastes. In: Earth Engineering Center Columbia University, (Columbia, US: 

Columbia University) p 59 

[9] Hoornweg D and Bhada-Tata P 2012 What a waste: a global review of solid waste management 

vol 15 (Washington, DC: World bank) 

[10] Rapport J, Zhang R, Jenkins B M and Williams R B 2008 Current anaerobic digestion 

technologies used for treatment of municipal organic solid waste. In: University of California, 

Davis, Contractor Report to the California Integrated Waste Management Board, (California, 

US 

[11] van Lier J B, Mahmoud N and Zeeman G 2008 biological wastewater treatment: principles, 

modelling and design, ed H Mogens, et al. (London, UK: IWA Publishing) pp 415-56 

[12] Bridgewater L, Association A P H, Association A W W and Federation W E 2012 Standard 

Methods for the Examination of Water and Wastewater.  (USA: Washington, D.C 

[13] Pham Van D, Hoang M, Pham Phu S and Fujiwara T 2018b A new kinetic model for biogas 

production from co-digestion by batch mode Global J. Environ. Sci. Manage. 4 251-62 

134



2019 5th International Conference on Environment and Renewable Energy

IOP Conf. Series: Earth and Environmental Science 307 (2019) 012019

IOP Publishing

doi:10.1088/1755-1315/307/1/012019

[14] Dinh P, Fujiwara T, Phu S P and Hoang M 2018 Kinetic of Biogas Production in Co-Digestion 

of Vegetable Waste, Horse Dung, and Sludge by Batch Reactors. In: IOP Conference Series: 

Earth and Environmental Science: IOP Publishing) p 012041 

[15] Burton F L, Stensel H D and Tchobanoglous G 2014 Wastewater engineering: treatment and 

Resource recovery (New york: McGraw-Hill) 

[16] Kafle G K and Chen L 2016 Comparison on batch anaerobic digestion of five different livestock 

manures and prediction of biochemical methane potential (BMP) using different statistical 

models Waste Manage. (Oxford) 48 492-502 

[17] Abbasi T, Tauseef S and Abbasi S A 2011 Biogas energy vol 2 (New york: Springer Science & 

Business Media) 

[18] Wu Y, Wang C, Liu X, Ma H, Wu J, Zuo J and Wang K 2016 A new method of two-phase 

anaerobic digestion for fruit and vegetable waste treatment Bioresour. Technol. 211 16-23 

[19] Zuo Z, Wu S, Zhang W and Dong R 2014 Performance of two-stage vegetable waste anaerobic 

digestion depending on varying recirculation rates Bioresour. Technol. 162 266-72 

[20] Möller K and Müller T 2012 Effects of anaerobic digestion on digestate nutrient availability and 

crop growth: a review Eng. Life Sci. 12 242-57 

 

135



 



 

Author Index 
 

 

A  

A T Kiss 3 

A L Horváth 60 

A Vágvölgyi 60 

A Chamlaiand 73 

Anton Devcic 123 

  

B  

B Delinchant 38,52 

Binh V Dinh 52 

B Horváth 60 

Berislav Andrlic 123 

  

C  

C Hodúr 3,67 

Chuan-yu Zhang 15 

Can Thu Van 106 

  

D  

D Szalay 3,67 

Duc-Tri Do 21 

D Q Nguyen 38 

D Tsalagkas 46,118 

Dung V Nguyen 52 

Dongming Yang 80 

Doan Quang Tri 106 

Do Thi Hong Hoa 106 

  

G  

Geum-Bae Cho 21 

G J Griffin 31 

  

H  

H A Dang 38 

H T T Vu 38 

Haijing Wang 98 

H M Giang 130 

  

I  

I Czupy 3,9,60,67 

  

K  

K Szakálosné Mátyás 60 

K Somprasong 88 

  

M  

Mingqing You 98 

Marko Sostar 123 

  

N  

Nguyen Thanh Son 106 

  

P  

Pan-Gum Jung 21 

P Srikongka 73 

P V Dinh 130 

  

R  

R Iski 9 

  

  

S  

S Beszédes 60 

S Rukleng 73 

S T Pham Phu 130 

  

T  

T Major 9 

Thanh Hai-Quach 21 

T R Bandara 31 

Truong X Nguyen 52 

T Areerob 73 

Tatsuo Yanagita 80 

Tran Thi Thu Thao 106 

T Hegedűs 113 

T Fujiwara 130 

  

V  

V Papp 3,67 

Vinh-Thanh Tran 21 

 21 

Y  

Youn-Ok Choi 21 

Y Gao 31 

Yi Wan 80 

Yifei Zhao 80 

  

Z  

Z Pásztory 46,113,118 

Z Börcsök 46,113,118 

 

 

 

137



 


	Front Page
	preface
	preface
	Doc5

	committee
	peer review
	peer review
	Doc5

	TOC
	TOC
	Doc5

	session 1
	Chapter 1
	F1047
	F1049

	session 2
	组合 1
	Chapter 2
	F1014
	F1020

	Doc5

	session 3
	Chapter 3
	F1011
	F1016
	F1027
	F1036
	F1046
	F1048

	session 4
	session 4
	Chapter 4
	F0009
	F0026
	F1003
	F1025
	F1026
	F1028
	F1029
	F1039
	F1059

	Doc5

	AuthorIndex



