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Introduction 
 
Nowadays, Thailand is the top ten rice producer in the world. In 2016, 28 million tons 
of rice was produced for domestic consumption and worldwide export. Consequently, 
rice milling process disposed approximately 9 million tons rice husk as agricultural 
waste (Agricultural statistics, 2016). However, rice husk can be used as heating fuel 
in the production of bricks and electicity. It is also utilized for animal feed and 
fertilization. Due to energy crisis, rice husk is also made for biomass in combustion 
process for electricity generation and heating boiler in industries. However, burning 
rice husk causes air pollution such as CO2, acid rain and greenhouse effect. So, 
alternative methods for rice husk ash removal have been continuously studied. 
Generally, rice husk consists of 30% by weight of silica. After acid extraction, silica 
content increases up to 95% by weight (Chiarakorn S., 2003). So, rice husk and rice 
husk ash can be used as a natural silica source to synthesize silicate materials such as 
zeolite and MCM–41 (Zhao, et al, 1996). 
 
About 90% paper packaging were coated with overprint varnish. Anti-slip Overprint 
Coating is the most offten use for coating on package, which it‘s  made from resin 
mixed silica (E.W. Flick, 1999). The silica in coating is served to increase friction on 
paper surface (A.A. Tracton, 2005) Anti-slip properties are important for packaging in 
packing and transport process. This research aimed to get silica as a raw material from 
agricultural waste to produce Anti-slip Overprint Coating. 
 
Experimental 
 
Rice husks by product from rice milling in Pathum Thani Province, Thailand was 
used in this research. They were washed with distilled water to remove soils and dirt 
before drying in the oven at 105 °C for 24 h. The dried rice husks were treated 
chemically by a solution of hydrochloric acid (HCl) that was previously prepared at 
different concentrations of 1, 2, and 3 M. The rice husks were mixed with different 
molarities of HCl and boiled in a hood at reaction temperature of 80+5 °C at 
difference time for 60 and 120 min (Yalcin, N., and Sevinc, V., 2001). The solution 
was filtered and the rice husks were washed with distilled water several times until 
they were acid-free. The acid-leached rice husks were dried in an oven heat at 105 °C. 
They were roasted at 650–700 °C in furnaces for 240 min (Chiarakorn S., 2003). The 
characteristics of the obtained silica powder were then measured. Analysis of their 
characteristics were performed by means of X-ray fluorescence (XRF), X-ray 
diffraction (XRD), scanning electron microscope (SEM), particle size, color and color 
difference (ISO 12647-1/TIS2260-1, (2004). Selective silica powder with suitable 
properties in color and particle size (A.A. Tracton, 2005) was then used for Anti-slip 
Overprint Coating. 
 
Varnished coating (Lloyd M. Smith, 1994) was made from 60% acrylic resin mixed 
with synthesized silica that had suitable properties at different ratio 0%, 0.5%, 1%, 
1.5% and had additive that containing of anti-foam/wax/leveling agent at 2:3:5 in 
quantity of 1% and added water until got 100%. Analyzing properties of coated 
varnish on white kraft papers by printed test form 4 colors (Anthony P.Stanton, 1988) 
through inkjet printing at resolution of 4,800 dpi × 1,200 dpi for test transparency by 
trans-densitometer (N. Tipsotnaiyana, et al, 2012) and test coefficient of friction by 
slip-meter (George Wypych, 2005).  

The Asian Conference on Sustainability, Energy & the Environment 2017 Official Conference Proceedings

ISSN: 2186-2311 104



 

Results and Discussion 
 
Analysis purities and organic elements of Rice Husk silica 
The amounts of ingredients present in the ash at various concentration of HCl and 
times are shown in figure 1. All the ash samples contain Silicon dioxide, Potassium 
oxide, Calcium oxide, Phosphorus pentoxide, Aluminums oxide and Iron (III) oxide; 
of which the concentration of Silicon dioxide is greatest. The impurity content is 
significantly reduced by the acid-leached and thermal decomposition process (Yalcin, 
N., and Sevinc, V., 2001). The resulting purity of silica (Silicon dioxide) is better than 
98% after burning the rice husk.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  The purity of Rice Husk silica was determined by XRF techniques 
 

Analysis of physical properties 
In figure 2 shows X-ray diffraction analysis of rice husk at various concentration of 
HCl and times. All samples are amorphous. However, in the ash samples (fig. 2, A–
G), the typical silica characteristic was observed at a broad peak centered at 2θ = 22°. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  X-ray diffractogram of rice husk.  
 
 
 
 
 
 

G : HCl 3 M  120 min. 
F : HCl 3 M   60 min. 
E : HCl 3 M  120 min. 
D : HCl 3 M   60 min. 
C : HCl 3 M  120 min. 
B : HCl 3 M   60 min. 
A : Blank*.  
 
*Rice husk wasn’t boiled in HCl 
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Figure 3:  Scanning electron micrographs of rice husk: (1,000X @ 132 µm); 

(A) Blank; (B) 1M 60 min; (C) 1M 120 min; (D) 2M 60 min; (E) 2M 120 min;  
(F) 3M 60 min; (G) 3M 120 min 

 
In figure 3 shows SEM micrographs 1,000X @ 132 µm of rice husk silica that made 
from rice husk calcined in a muffle furnace at 650 °C for 240 min. fig. (A-G) shows 
the inner epidermis of rice husk silica, which has a lamella structure. The morphology 
og all figure weren’t different but figure 3A showed that the surface of ground rice 
husk silica powder was covered with flakes.  Figure 3B, 3C and 3D shows that a less 
pores were distributed in silica powder. Fig. 3E, 3F and 3G that the silica is a highly 
porous material with a large internal surface area. The particle size of silica was 
analyzed by “Image Plus Pro” and exhibited a uniform size of 3-5 µm. 
 
Analysis Optical properties of Rice Husk silica 
The CIE and Delta E (∆E, Color difference.) of Rice Husk silica powder was 
determined by color measurement techniques were shown in Table 1. Raw material 
that is suitable for producing anti-slip coating should have high whiteness and color 
which are similar to standards of white kraft paper (ISO 12647-1/TIS2260-1, 2004). 
Silica powder was made from refluxing of rice husk with HCl 2 M 120 min has a 
minimum Delta E = 3.28 and has maximum whiteness = 84.85 

 
Table 1 Color CIE, Delta E and Whiteness of Rice Husk silica.  

 

Sample CIE 
L** 

CIE 
a** CIE b** Delta E (ISO 

12647) Whiteness* 

White paper 95.00 0.00 -2.00 - 80.00 + 5 
Blank 85.42 +3.90 +1.71 10.99 39.28 

1M   60 min 94.48 +0.46 +1.39 3.46 80.17 
1M  120 min 93.78 +0.45 +1.31 3.55 80.27 
2M   60 min 94.54 +0.49 +1.47 3.53 80.27 
2M  120 min 94.79 +0.48 +1.24 3.28 84.85 
3M   60 min 93.24 +0.73 +2.08 4.51 79.00 
3M  120 min 94.47 +0.39 +1.24 3.31 83.88 
                                        ** Color CIE = color spaces of International Commission on 

Illumination 
 
 

A	 B	 C	 D	

E	 F	 G	
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Analyze properties and printing quality of anti-slip coating on white kraft paper 
(printed-test chart 4 Colors).  
 
Varnished coating were made from acrylic resin mixed with a highest purity 
synthesized silica that refluxing by HCl 2 M 120 min at different ratio and the 
additives type anti foaming, wax and leveling agent. The coefficient of friction and 
transparency of coating were shown in Table 2. The friction of anti-slip coating was 
increased when the ratio of synthesized silica was increased from about 0.11 to 0.58. 
When measured transparency of anti-slip coating found that it was decreased because 
density of dried-layer coating was increased from 0.10 to 0.70 respectively.  

 
Table 2 The viscosity and transparency of water base coating.  

 

Sample Coefficient of friction : 
(COF) Transparency : Density 

Coating : silica 0.0 %  0.11 + 0.02 0.10 
Coating : silica 0.5 % 0.25 + 0.08 0.19 
Coating : silica 1.0 % 0.44 + 0.03 0.21 
Coating : silica 1.5 % 0.58 + 0.05 0.70 

 

 
After coated anti-slip coating on picture and test form that printed through inkjet 
printer (Canon Pixma 3000: 4,800 dpi x 1,200 dpi) on white Kraft paper. The printing 
quality was measured by spectrophotometer and analyze picture and color gamut of 
printing that were shown in figure 4-5. 

 
 

 
 
 
 
 
 
 
 
 
 
 
   
                     
 
 

 
Figure 4:  Picture after coated anti-slip coating  Figure 5:  Color gamut of 

printing after (silica 
0%,0.5%,1.0% &1.5%) coated 
anti-slip coating (silica 
0%,0.5%,1.0% &1.5%) 

 
From Figure 4 the picture that coated by anti-slip coating containing synthesized 
silica 1.5% is the highest density but picture has low details in shadows tone. The 
printing that coated anti-slip with synthesized silica 1.0% have color density close to 
the synthesized silica 0.5% but detail in shadows tone is better. Figure 5 showed the 
color gamut of printing that coated anti-slip containing synthesized silica 0%, 0.5%, 

Silica 0.0%        Silica 0.5 %   
        
Silica 1.0 %        Silica 1.5 % 

	

0.0	%	

1.5	%	

1.0	%	

0.5	%	
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1.0% and 1.5%. The anti-slip mixed with silica coating 1.0% have a color gamut 
wider scope than color gamut of printing coated anti-slip silica coating 0.0%, 0.5% 
and 1.5%, respectively. 
 
Conclusions 
 
Silica particles can be obtained from the hydrolysis reaction of silicon alkoxide. The 
resulting particle size and morphology depended strongly on the hydrolysis condition 
and reaction time. The reaction continues until the solution is super saturated. To 
investigate a possibility of tailoring the particle size and the particle size distribution, 
the X-ray diffraction indicated that the silica particles were amorphous, according to 
the broad peak centered at 2Ɵ = 22°. This demonstrated that the particles had a higher 
percentage of amorphous than crystalline structures. The effect of different molar 
ratios of acidic reagents on the structure and morphology of silica particles was 
observed. The impurity content was significantly reduced by the acid-leached and 
thermal decomposition process. The resulting purity of silica was greater than 98%. 
The silica powder was made by refluxing the rice husk with 2-M HCl for 120 min, 
that was a suitable condition for raw material to produce Anti-slip coating. 
 
The anti-slip coatings that made from acrylic resin mixed with synthesized silica 2 M 
HCl for 120 min in ratios is not over 1.0% have a similar transparency. Silica had 
ratios more than 1.0% were precipitated and reduce transparency. When coated more 
synthesized silica on top the printing was impact to detail and tone of picture. The 
coating that mixed synthesized silica from rice husk 1.0% is suitable for produce an 
anti-slip coating because it provided a high detail in print quality especially in shadow 
tone with wider color gamut. 
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Abstract 

The transfer of nutrients from agriculture (farmland and livestock) and wastewater to 

the hydrosphere invites the attention of policymakers and scientists because it 

constitutes an increasingly important factor influencing the water environment. 

Agriculture, livestock, and fisheries can be regarded as the backbones supporting the 

Myanmar economy. However, phosphorus (P) used for cultivation and domestic 

sewage is a major source of organic pollutants and eutrophication in Myanmar coastal 

waters. It is therefore necessary to elucidate the P flow mainly from agricultural and 

domestic wastewater to formulate a series of cost-effective policies and best 

management practices (BMPs). This paper describes P flow to the hydrosphere driven 

by agricultural and domestic wastewater in Myanmar during 2010–2100. Results 

reveal that total P flows from farmland and livestock occurred at an annual rate of 55 

ktpa (thousand tonnes per annum) in 2010, but they are expected to be 128–141 ktpa 

in 2100. Moreover, estimated P flows from domestic wastewater are 13 ktpa in 2010 

and 20 ktpa in 2100. Urban population growth is a main factor contributing to the 

gradual increase in P flow from domestic wastewater but most of the P flow derives 

from agriculture, which indicates that marked reduction of fertilizer use is necessary. 

Recovery of P from sewage sludge can substitute for a small share of fertilizer use. 

This research provides a core for the appraisal of P utilization and facilitates 

determination of important objectives for sustainable P management in Myanmar. 

 

 

Keywords: Sustainable phosphorus management, phosphorus ore depletion, 

agricultural pollution, fertilizer, sewage 
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Introduction 

 

The phenomenal population increase, changes in lifestyle (improved diet and use of 

phosphorus detergents), and housing (increased household connection to sewage 

system) in Myanmar, along with the acceleration of urbanization and industry, have 

drastically raised the urban point release of phosphorus (P) to surface waterbodies. 

Moreover, agricultural intensification and the widening use of chemicals have 

dramatically increased P diffuse sources. Varieties of point source and non-point 

source pollutions transferred from terrestrial to aquatic ecosystems have contributed 

to the development of eutrophication in surface waters worldwide (De Jonge et al. 

2002, EEA 2005). 

 

In 2019, over 50% of all demanded phosphate fertilizer around the world was applied 

in Asia; roughly half of that 50% was used in eastern Asia, including all ASEAN 

countries and China (FAO, 2016). The rising demand for fertilizer has arisen from the 

need to meet the nutritional demands of the region’s rapidly increasing human 

population. The rise in intensive fertilizer use presents severe implications for coastal 

habitats because greater application results in greater runoff; the fraction of fertilizer 

lost from fields will increase with the intensity of fertilizer application. Phosphorus 

(P) fertilizer use for agricultural activities has increased to meet growing demands for 

feeding of the world’s growing population, which has also increased inflows of water 

containing phosphorous into the hydrosphere. Researchers around the world have 

conducted material or substance flow analyses of P on a global scale and on the 

individual country level for the past and current target timing (Chen et al. 2016, 

Cordell et al. 2009, Ma et al. 2013). Lwin et al. (2016, 2017) also examined global P 

flows, but Myanmar was not included in their research scope. This study specifically 

examined Myanmar to forecast P flow from agricultural and domestic wastewater 

during 2010–2100. 

 

Myanmar has the fifth largest population in ASEAN and the second largest land mass. 

Recently, Myanmar opened up as a country after many years of military and Junta 

rule. It is currently embracing democracy. Located among India, Thailand, and China, 

it has ready access to major Indian shipping routes. Of its people, 70% reside in rural 

areas; most are engaged in farming. Therefore, it is often said that now is the right 

time to invest in Myanmar agriculture and that Myanmar is the final frontier in 

Southeast Asia. In Myanmar, it is estimated that the agricultural sector shares 37.8 

percent of the gross domestic product (GDP) and that it accounts for 25–30 percent of 

all export earnings. Myanmar has an open competitive fertilizer market that is 

dependent on imports for over 80% of its total market demand, estimated at between 

1.2 and 1.4 million product tons per annum. The fertilizer market, which is dominated 

by urea use, relies mainly on imports from China, entering mainly through Muse in 

Shan State. However, fertilizer use by farmers is insufficient for optimum yields. 

Farmers generally have little knowledge of the best agricultural practices and plant 

nutrition requirements. Consequently, large amounts of nutrients run off from 

agricultural land to the hydrosphere, causing eutrophication. Lack of research has left 

flow amounts unknown and has hindered awareness of the issue, but the effects are 

severe. 

 

In Myanmar, the fishery and livestock sectors are regarded as the most important, 

after agriculture, to meet the protein needs of the population, to enhance food security, 
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and to provide employment for rural communities. The livestock and fisheries sectors 

account for more than seven percent of the national GDP. Regarding livestock, 

increased urban population plays an active role in greater livestock demand. 

Consequently, increased P flow from increased demand of livestock affects society 

and the hydrosphere, exacerbating environmental pollution of many types.  

 

As an additional research area, P flow from domestic wastewater is estimated in this 

study. Myanmar has been facing considerable challenges with the management of 

wastewater as a result of increasing income, increasing consumption level and 

changing consumption patterns, urban population growth, and lack of effective 

wastewater treatment and disposal options. Inadequate wastewater and sanitation 

services combined with underinvestment in preventive health care, have presented 

environmental and human health challenges in Myanmar. Although Yangon, 

Mandalay, and Nay Pyi Taw have urban sanitation services that are well below 

acceptable levels, the situation is worse in other poor regions and areas of the country. 

With the exception of central business districts, the three major cities have no 

conventional central wastewater or sewerage collection and treatment systems. 

Domestic wastewater is usually released into storm water drainage and natural 

waterways. Nevertheless, environmental impact assessments do not emphasize water 

resource management. Because of ongoing rapid industrialization in cities, many 

factories are being built around urbanized areas. The need persists to disseminate 

knowledge about the proper disposal of wastewater to control the problems of the 

direct discharge of wastewater from factories into rivers or streams. Therefore, 

necessary and emergency estimation of P flow to the hydrosphere is necessary while 

introducing new wastewater treatment plants and modifying old wastewater treatment 

plants in Myanmar. 

 

By quantifying amounts of P flow to the hydrosphere, this study specifically examines 

P in the agricultural and domestic wastewater and their environmental effects to 

facilitate relevant policy making. Following are the specific objectives. 

 

(1) To calculate the amount of P release from agricultural and domestic 

wastewater into bodies of water 

 

(2) To estimate the relative effects of efficient and less-efficient fertilizer use and 

sewage systems on the flow of P to the hydrosphere. 

 

 

(3) To assess possibilities for P recovery. 
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Methods and Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 presents our P flow research scope. Flows and systems enclosed in dotted 

lines were excluded from our research: our system boundary includes P flow from 

agriculture (fertilizer and livestock manure) and domestic wastewater (excrement and 

gray water) for 2010–2100. 

 

The annual P flow derived from farmland (PFf) to water bodies is calculable using the 

following equation  

(1). 
         

Eq. (1) 

The P flows from livestock manure (PFm) (tonnes/year) were calculated using 

equations (2)–(3). 

                                                                 

 

Eq. (2) 

 

 

Eq. (3) 

In those equations, Pls signifies the P flow from livestock manure (tonnes/year), Rls 

denotes a ratio of P return to farm from livestock manure (–), R represents the ratio of 

outflow to water from farm (–), Ni stands for the number of livestock animals i (beef 

cattle, dairy cattle, pig, layer chicken, and broiler chickens), and PANIMALi represents 

the P content in manure of animal i per animal (tonnes/animal/year). 

The P flow from human excrement (PFe) (tonnes/year) was estimated using equations 

(4)–(7). 

   

Eq. (4) 

Therein, Pe is the P amount in excrement (tonnes/year), Pop denotes population 

(persons), Pperson,e signifies per-capita P contained in excrement (tonnes/person/year). 
                                                                                  

Figure 1: Simplified flows of P from agriculture and human sewage to hydrosphere. 

 

 

System boundary: Phosphorus flows from Agriculture and Domestic Wastewater, 2010-2100
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Eq. (5) 

In that equation, PFe1 represents P flow from excrement passing through sewer 

treatment facilities (STF) (tonnes/year), SC is the ratio of urban population with 

access to STF (–), and PR represents the average P removal ratio in STF (–). 

                                                                                   

Eq. (6) 

In that equation, PFe2 stands for the P flow from excrement without passage through 

STF (tonnes/year), Re is the ratio of P in excrement returned to farmland (–). 
                                                                                    

Eq. (7) 

The P flow from gray water (PFg) (tonnes/year) was calculated using the following 

equations (8)–(11). 

                                                                  

Eq. (8) 

Therein, Pperson,g denotes the per-capita P contained in domestic gray water 

(tonnes/person/year). 

                                                             

Eq. (9) 

In that equation, PFg1 represents the P flow from gray water passing through STF 

(tonnes/year). 

                                                                                             

Eq. (10) 

Therein,  PFg2 is the P flow from gray water without passing through STF 

(tonnes/year). 

                                                                                               

Eq. (11) 

As one ultimate scenario, the degree to which P can be recovered from domestic 

wastewater system and reused as fertilizer can be calculated using the following 

equation (12): 

                                                                              

Eq. (12) 

The following are some necessary data and clarifications for all equation calculations 

above. 

 

        Table 1.  Amount of phosphorus fertilizer (P2O5) per unit of harvested area 

(tonnes/ha) 

Source: FAO, 2010 

Note: P2O5 stands for phosphorus pentoxide. This research examines only P flow 

from agriculture to hydrosphere. Therefore, all data related to P2O5 are converted 

carefully by multiplying a conversion factor of 0.4364 to estimate the P flow from 

fertilizers to the hydrosphere. 

 

Cereals
Roots and 

Tubers

Sugar 

crops

Oilseed crops

Vegetables FruitsWheat Rice Corn Others Soybeans Oil palm 

fruits

Others

Bangladesh 

(B)

0.021 0.024 0.026 0.025 0.015 0.043 0.034 0.037 0.024 0.023 0.024

Thailand (T) 0.035 0.007 0.018 0.005 0.017 0.052 0.033 0.035 0.010 0.059 0.026

Avg. value 

of (B and T)

0.028 0.015 0.022 0.015 0.016 0.047 0.033 0.036 0.017 0.041 0.025
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Crops of 41 types are included in this research by classification respective aggregated 

items provided by FAO, 2010: Cereals (wheat, rice, corn, barley, rye, oats, millet, 

sorghum and other grains), Roots and Tubers (cassava, potatoes, sweet potatoes, yams 

and other potatoes), sugar crops (sugar cane and sugar beet), oilseed crops (soybean, 

oil palm, ground nuts with shell, sunflower seed, rapeseed, mustard seed, seed cotton, 

coconuts, sesame seed, olives, other oilseed crops), vegetables (tomatoes, onions and 

other vegetables), and Fruits (orange/mandarins, lemons/limes, grapefruit, other citrus 

fruits, bananas, plantains, apples, pineapples, dates, grapes and other fruits). 

 

Harvested area data for each targeted crop for 2010 were obtained from the 

FAOSTAT web site. Total amounts of P fertilizer applied to crops of each type were 

referred from IFA data (Heffer 2013). Nevertheless, regarding PCROPi , which simply 

represents the fertilizer usage by crop,  no hard data or recorded information of actual 

usage exist in Myanmar. Therefore, because of unavoidable difficulties related to data 

availability, we take the average value of actual usage of P fertilizer amount per crop 

of Thailand and Bangladesh reported by Lwin et al. (2016, 2017). We agree that the 

use of fertilizer per hectare is expected to differ even for the same crop in different 

countries. The fertilizer use efficiency and intensity of each country vary considerably, 

reflecting factors such as agro-ecological resources (soil texture, terrain, and climate) 

and economic incentives. However, the effects of average values of Myanmar 

neighboring countries (Bangladesh and Thailand) might be less because they use 

similar technologies and plantation methods with similar plantation seasons. 

 

After the harvested area for agriculture for crop of each type in each country for 2010 

was obtained from FAOSTAT, future estimation of harvested areas during 2020–2100 

was conducted under three scenarios as referred from reports of work by Tamura et al. 

(2015) and Tamura (2016): (1) Additional global harvested area demand for specific 

crops was allocated to countries assuming constant shares of the countries in 

expanded harvested areas of the specific crop; (2) Additional global harvested area 

demand for specific crops was allocated to countries assuming constant self-

sufficiency ratios of the countries; and (3) Additional global harvested area demand 

for specific crop was allocated to countries assuming constant shares of the countries 

in harvested area of the specific crop. Moreover, other estimated data related to future 
demand such as population, gross domestic product (at purchasing power parity) per 

capita [GDP/cap (In$/cap)], and shares of rural and urban population, are taken from 

some parts of Shared Socioeconomic Pathways Scenario 3 (SSP3) provided by the 

International Institute for Applied Systems Analysis (IIASA): SSP3 denotes 

“fragmentation,” whereby high population growth and low economic growth occur. 

 

No direct data exist for Rls and R used in equation 1 above. Therefore, we set their 

respective definitions and calculate respective values based on a review of the 

literature. Ratios of P return to farm from livestock manure (Rls) were obtainable by 

dividing the quantity of P in animal excreta returned to farms by the total amount of 

excreta. The ratio of P outflow to water from farms (R) is estimated by dividing the 

quantity of P in excreta outflow to water from farms by the total P input to farms. For 

those two parameters we defined earlier, there is no specific research done yet for 

Myanmar. Therefore, we apply global data Rls = 0.533 and R= 0.327 referred by Lwin 

et al. (2016, 2017) as an option for us to conduct this research. 
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Related to the ratio of P contained in the societal excrement returned to the farmland 

(Re), we divided countries into three groups: Group I countries with developed 

economies; Group II countries in economic transition; and Group III countries with 

developing economies (UN 2014). For group 1 countries, we assumed Re as zero, but 

for Groups II and Groups III, we use 0.975 of Ma et al. (2013) for rural areas, with Re 

set as 0 in urban areas. The shares of population in urban and rural areas are estimated 

from SSP3 scenarios. Myanmar falls into group III. Therefore, Re = 0.975 is assigned 

for rural areas and 0 for urban ones. 

 

Regarding P flow from livestock estimation, animals of five kinds were examined: 

beef cattle, dairy cattle, pig, layer chicken, and broiler chicken. Total numbers of 

livestock units in equivalent Japan livestock in 2010 were calculated for Myanmar 

using the methodology reported by Lwin et al. (2016, 2017). For future estimation, we 

referred the absolute number of livestock units in Myanmar from Tamura et al. (2015) 

and Tamura (2016). Those numbers of livestock units were estimated along with 

demand for food. Growth ratios of absolute numbers were calculated for each 10-year 

study. Then we multiplied those ratios by our estimated total number of livestock 

units, in equivalent Japan livestock units, starting from 2010. In doing so, the change 

over time of the number of livestock units was estimated for all study periods (2010–

2100). 

 

Per-capita phosphorus units in human excrement (Pperson,e) and per-capita phosphorus 

units in gray water usage ((Pperson,g) vary by type of diet, location, age, activity, health 

status, tradition and culture, etc. Few measurements have been reported of amounts 

and compositions of human waste and gray water usage. Because this research was 

conducted under “system-wide” strategies, we use global conventional data of per-

capita P units annually contained in human excrement (urine + feces): Pperson,e = 0.55 

kg/cap/yr, Pperson,g = 0.08 kg/cap/yr as reported by Otterpohl (2003). 

 

Another parameter SC used in equations, the percentage of population with access to 

sewage treatment facilities (STF), was referred from our earlier research (Lwin et al. 

2015). We made the assumption that the ratio of residence connected to sewage 

treatment facility is a function of gross domestic product (at purchasing power parity) 

per capita (GDP PPP per capita in In$/cap). If economic conditions improve and if the 

population increases, then necessary public environmental utilities such as sewage 

treatment facilities will be demanded to a greater degree in the hopes of raising the 

standard of quality of life. In other words, increased resource consumption and 

increased demand are expected to produce more sophisticated infrastructure 

requirements. Using such assumptions, future percentages of population connected to 

sewage treatment facilities can be estimated for individual countries under high 

scenarios and low scenarios. 

 

The average P removal ratio (PR) in STF was estimated based on literature reviews of 

studies conducted for specific countries (Liu 2005, JSWA 2009, Stricker and Heduit 

2010) and per-capita GDP PPP reported for the respective countries as follows. Based 

on GDP/cap (GDP per capita) in 2010 current US$, countries were categorized by 

Anh-Nga Tran-Nguyen and Elkhoury (2010) as low-income (less than 800 US$), 

middle-income (between 800 US$ and 13,194 US$), or high-income (over 13,194 

US$). Based on many reports of the literature related to STF, we assigned the 

maximum 30% phosphorus removal ratio in STF for low-income countries as the first 

The Asian Conference on Sustainability, Energy & the Environment 2017 Official Conference Proceedings

ISSN: 2186-2311 117



 

group, 50% for middle-income countries as the second group, and 80% for high-

income countries as the third group. For estimation of the future P removal ratio, we 

used GDP/cap (In$/cap) from SSP scenarios. Therefore, the current US$ assignments 

presented above are transformed in GDP/cap (In$/cap). We assign the PR setting as 

shown in Table 2. Country PR is considered based on the GDP/cap (2010 In$/cap) 

change during the study period: 2010–2100. However, Myanmar falls into the 

categories of second group throughout the study period. A linear function is used to 

assess all possible trends of PR ratio during 2010–2100. Therefore, PR of Myanmar 

shows rates starting from over 30% and ending at about 50%. 

 

Table 2. Average phosphorus removal ratio (PR) setting based on per-capita GDP 

PPP 

Per capital 

GDP PPP 

Less than 694 

[In$/person]

First Group

Between 694–11,455 

[In$/person]

Second Group

Over 11,455 [In$/person]

Third Group

PR 30% 50% 80%
 

 

We assign a crude P-removal ratio scale indexed to a country's income ignoring types 

of wastewater treatment such as mechanical treatment, biological treat, etc. We regard 

our work as a top-down assessment first step that is particularly relevant to analysis of 

the development paths of economically developing countries, which lack large 

amounts of relevant data. 

 

Results and discussion 

 

This section presents an explanation of how much P flow from farmland, livestock 

manure, human excreta, and graywater usage passes to the hydrosphere. 

 

Figure 2: Annual P flow from farmland to the hydrosphere: (a) scenario 1, (b) 

scenario 2, and (c) scenario 3. 

 

Based on the amount of P used in mineral fertilizer in the expanded harvested area, P 

flow from farmland to the hydrosphere differs. Figure 2 presents the P flow from 

fertilizer under Scenarios 1, 2, and 3. Results show that Scenario 2 has the lowest P 

flow to the hydrosphere. Scenario 1 of P flow from farmland to the hydrosphere 

stands as the highest. Scenario 2 of P flow from fertilizer to the hydrosphere stands as 

the lowest, coinciding with the lowest demand of P in mineral fertilizer under 

Scenario 2. 
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Figure 3: Annual P flow from livestock manure to hydrosphere. 

 

As shown as in Figure 3, a markedly increasing trend is especially apparent for P flow 

from livestock during 2010–2100. P flows from livestock in 2010 were 12 thousand 

tones, but it becomes a twofold increase by 2100. No great change was found in the P 

flow amount during 2040–2090; it is about 25 thousand tonnes. However, from the 

overall study period (2010–2100), one might infer that, because of economic growth, 

livestock demand increased. Consequently, it results in gradual enlarged P flow from 

livestock manure to the hydrosphere. 

Figure 4: Annual P flow from domestic wastewater to hydrosphere. 

 

The amount of respective P flow from societal excrement and graywater under high 

and low sewage connection scenarios are portrayed in Figure 4. The total P flows 

from domestic wastewater (societal excrement and graywater) during the study period 

are almost 13–20 thousand tonnes under low and high scenarios. The result is 

overwhelmed by the P flow of direct discharge from human excreta. That is true 

because, in Myanmar, only a small share of the urban population has access to STF 

and that the SC is expected to be 5.7% by 2100. Moreover, under our assumptions 

related to per-capita GDP and PR in STF, P removal ratio PR will be between 30% 
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and 50% by 2100. As an overall trend, a gradual increase in P flow into the 

hydrosphere is observed in relation to increased urban population. 

 

Combined scenario results 

 

The P flows from agricultural and domestic wastewater under the six scenarios 

described in Table 3 are portrayed respectively in Figure 5. 

 

Table 3. Composition of six scenarios estimating P flow from agricultural and 

domestic wastewater (2010–2100) 

 

 

 

Figure 5: Composite depiction of six scenarios estimating P flow from agricultural 

and domestic wastewater (2010–2100). 

 

All scenarios resulting in P flows show that over 70% of P flow is accounted for by P 

flow derived from fertilizer, mainly because of farmland expansion. Comparison of 

the results of six scenarios (Fig. 5) demonstrates that Scenario D stands as the highest 

P flow, with Scenario F as the least scenario. 

 

 

 

 

 

 

Scenario Name

P flow from agriculture P flow from domestic wastewater

P flow from 

farmland 

P flow from livestock 

manure

P flow from societal 

excrement

P flow from gray 

water

A PFf (Scenario 1) PFm PFe  (high) PFg (low)

B PFf (Scenario 2) PFm PFe  (high) PFg (low)

C PFf (Scenario 3) PFm PFe  (high) PFg (low)

D PFf (Scenario 1) PFm PFe  (low) PFg (low)

E PFf (Scenario 2) PFm PFe  (low) PFg (low)

F PFf (Scenario 3) PFm PFe  (low) PFg (low)
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Amount of maximum and minimum P recovered by sewage system introduction 

 

Figure 6. Amount of maximum and minimum P recovery potential to be used as 

fertilizer 

 

Figure 6 exhibits the amount of P that can be recovered and reused as P in mineral 

fertilizer. Here, it is assumed that all P in domestic wastewater is collectable at sewer 

treatment facilities. If proper P recovery equipment was introduced into STFs, then a 

total of maximum 73 tonnes of P would be potentially recovered in 2010 under high 

sewage connection condition and minimum 54 tonnes of P under low sewage 

connection, as shown in Figure 4. That amount could reach over 571 tonnes 

(maximum P recovery amount) and 204 tonnes (minimum P recovery amount) 

respectively by 2100 according to the improved SC. The potential amount of P 

recovery is extremely small because the major P flows to the hydrosphere are from 

agriculture and population connected to the sewer system by sewer pipes is quite low 

in Myanmar. 

 

Needs for the future 

 

A main policy objective of the Government of Myanmar is to increase food security 

and the quantity, quality, and variety of crops through partnerships and through 

private sector investment. Improving private sector participation in the trade and 

distribution of fertilizer and sharing agricultural knowledge can reduce fertilizer costs 

and increase their correct usage, thereby improving farm productivity and food 

security and also leading to a safer environment. However, the necessity of 

formulating a series of cost-effective policies and best management practices (BMPs) 

in agriculture persists to this day. Consequently, the need exists to achieve more 

sustainable strategies that can handle nutrient flows from fertilizer usage to the 

hydrosphere. 

 

Many challenges persist in relation to Myanmar sewage and sanitation because of 

many factors: (a) Operating treatment plants are still costly, even when proper 

treatment plants are available. (b) Lack of budget, technology, and experience are still 

unavoidable conditions. (c) High threats to environmental related issues exist because 

small and medium industrial zones rarely use proper treatment systems for wastewater 

disposal. 
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Currently, Myanmar sewage and sanitation must be responsible only to government. 

Future sewage and sanitation systems should be updated by law. In addition, with aid 

from INGOs and UN agencies, along with private sector participation, Myanmar 

sewage and sanitation must be improved in the future. 

 

Conclusion 

 

This study elucidated future trends of phosphorus flows from agricultural and 

domestic wastewater based on scenarios of numerous parameters that include 

economic development, population, livestock demand, harvested areas, and 

phosphorus removal rates in improved sanitation facilities in Myanmar for 2010–2100. 

Results reveal that phosphorus flow from agriculture exists on the range of 104–117 

thousand tonnes. The P flow from livestock is 12 thousand tonnes in 2010: it is 

expected to double by 2100. Phosphorus flows from domestic wastewater are 

expected to be 13–20 thousand tonnes during the study period. It is expected that 

recovery of phosphorous from sewage sludge can be managed in the future. 
 

As pioneer research for Myanmar, P flow from agricultural and domestic wastewater 

was estimated. As described earlier, in general, no hard data are available for fertilizer 

usage by crop in Myanmar. Development of estimates (if not guestimates) requires 

expert knowledge, i.e. communication with agronomists with extension services and 

fertilizer suppliers. Producing a P flow database for Myanmar is our ultimate mission. 

By collaborating with agricultural experts and considering actual usage amounts of 

phosphorus fertilizer usage by crop type, future national research is expected to 

provide a core for the appraisal of P utilization and to facilitate determination of 

important objectives for sustainable P management for Myanmar. 
 

Moreover, this study mainly uses some parts of SSP3 scenarios. Future studies should 

use other scenarios (SSP1, SSP2, SSP4, and SSP5) with mutual comparison of their 

results. Inference of the underlying reasons for the results should be done to ascertain 

the relative priorities and to facilitate investigation, which is necessary for 

policymakers to elaborate appropriate frameworks for sustainable P management in 

Myanmar. 
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Abstract 
Teaching sustainability to undergrad students, particularly those in design degrees, 
faces barriers when it comes to relate core concepts such as the triple bottom line 
(environment, economy and social issues) or the environmental impacts of 
technological development with the product’s life cycle in their design process or 
even their daily lives. It results in difficulties to understand and apply the knowledge 
due to the lack of practical learning when it comes to the topic. Game based learning 
has proven a good tool to raise understanding of certain topics, within a fun, flexible, 
and risk free environment that enables lateral and critical thinking. Boardgames are an 
accessible way to put into practice such concepts and improve understanding through 
play, experimentation, interaction, and repetition, combining theory with practice, 
thus they could help design educators to tackle sustainability issues with their 
students. The aim of this paper is to present the findings of a research project whose 
objective was to develop and test a board game with sustainability as main theme for 
use, within a framework of knowledge transfer, as learning tool in sustainable design 
courses at undergrad level. 
 
 
Keywords: sustainability, game-based learning, knowledge transfer, boardgames, 
innovation 
 
 
 
 
 
 
 
 
 
 
 

iafor  
The International Academic Forum 

www.iafor.org 

The Asian Conference on Sustainability, Energy & the Environment 2017 Official Conference Proceedings

ISSN: 2186-2311 125



 

Introduction 
 
Sustainability has become a major theme to consider in terms of education in higher 
degrees such as design, mainly due out the impact that such careers have in social an 
environmental terms (Papanek, 1972). However teaching sustainability faces certain 
barriers, as the knowledge transfer process faces the obstacles of relating the 
knowledge to the students’ daily life experiences or how to apply sustainable thinking 
on their projects. Thus a proposal to overcome such obstacles and improve the 
students’ grasp of sustainability is the use of boardgames. There is a considerable 
body of research on game based learning, as it has proven to be an useful tool in the 
teaching of conflict resolutions, strategic and lateral thinking and cooperation in a safe 
and dynamic environment that provides hands-on practice of theoretical knowledge. It 
is because of those advantages that boardgames can be used as an economic medium 
to teach basic sustainability concepts such as the Triple Bottom Line, the Tragedy of 
the Commons and how technology growth impacts the environment.  
 
The aim of this paper is to report on the initial findings from testing a game designed 
for such purposes.  
 
Methodology 
 
This game comes about as result of a research project that explored the possibility of 
developing boardgames to teach sustainability to design students. The earlier stages of 
the project involved the selection of the concepts to use as theme for the board game 
(In this case the Triple Bottom Line, the Tragedy of the Commons and technological 
impact), the viability of using commercial games for such ends in order to generate 
guidelines for a game prototype that was designed and tested with three groups of 
students. For the purposes of the testing, two models of knowledge transfer and game 
based learning were used to evaluate the developed game and how effective it was. 
Three tests were carried out with design students, with surveys applied before and 
after each teste to measure their previous knowledge on sustainability and any 
potential improvement of the same. As well after game sessions of discussion 
between the players were hold to gather insight on how the related to the game and 
the knowledge purported to transfer. 
 
The first model was the Knowledge Transfer Model (see figure 1) developed by 
Major y Cordey-Hayes (2000). This model describes a basic process in which the data 
is collected and translated through a re-contextualization, codification and application 
of nuggets of information. This model was chosen because it fits with one of the most 
common definitions of a board game: an interactive mathematical system made 
concrete and used to tell a story (Daviau, 2011). In this case sustainability is the 
‘story’ and the mechanics are used to teach the relationship between the previously 
noted concepts. 
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Figure 1: Knowledge Transfer Model (Major and Cordey-Hayes 2000) 

 
The second model is the GIIL Model (Game Involvement and Informal Learning 
Framework) (see Figure 2) developed by Iacovides and her co-authors in 2014. 
Initially developed for videogames, it is considered that it can be applied to 
boardgames as well. It’s composed of three sections, starting with the players’ 
involvement, which can be at micro level (learning directly from the game) and at 
macro level (learning from activities related to the game, such as discussions, use of 
social networks to exchange tips, etc.) (Iacovides, et. Al., 2014). These levels have an 
impact on the awarness level related to a particular subject and the skills developed to 
understanding and applying it.  
 

 
Figure 2: Gaming Involvement and Informal Learning Model (Iacovides, et. Al, 2014)  
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Teaching Sustainability 
 
To teach sustainability, a multi-disciplinary approach is required, given how many 
diverse elements are involved. Thus it is needed to develop holistic methods to teach 
it (Bhamra & Lofthouse, 2004). Given that most students feel sustainability as 
something detached from their daily lives, they see it as an add-on to their projects 
(Sterling, 2001) or a mere technical problems to be solved, ignoring the social context 
and impacts (Humphries-Smith, 2008), rather than a philosophy from which draw 
guidance to develop their projects.  
 
These approaches require the learning that develops creative solutions, iterative 
process and hands-on work. This is because people tend to remember 80% of what 
they do, compared to only the 10 to 20% of what they read or listen (Bhamra & 
Lofthouse, 2004). 
 

 
Figure 3: Meaningful Learning percentages 

 
Thus, to generate meaningful learning, sustainable theory has to go paired with 
interactive exercises that allow the student to give the knowledge meaning and 
relevance related to their daily lives, through reflection upon those exercises (Treher, 
2011). This is where learning through play enters the picture.  
 
Learning through play  
 
The concept of learning through play is used as a very efficient way to be used during 
human development, helping to the mental and physical growth of the person. As well 
it helps to reaffirm aspects such as personality and the ability to solve problems. 
Within the classroom, the use of play allows improving creativity and lateral thinking, 
improves communication and eases the teaching process, making it an engaging 
experience and enhancing the retention of information. Through games, users can 
undertake different roles, understanding different points of view that they would not 
normally experience.  
 
Gilbert Ahamer (2006) argues that games as tool for teaching help to promote a more 
complete learning, with both theoretical and practice aspects obtaining a stronger link 
to the students’ life experiences and thus the implementation of such knowledge in 
their projects. It can be argued that boardgames allow to explore scenarios within a 
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GIIL Model evaluation of the second test:  
 
•Micro level involvement: the players realized the link between technological 
advancement and environmental impact. They developed joint strategies of trading 
resources and technology purchase in exact amounts to reduce waste. As well, once 
the first disaster was triggered, the players shifted towards a more conservative 
strategy to avoid that happening again. 
 
•Macro level involvement: 
 

-After game discussion: the players mentioned how it would be good for the 
game to include other concepts such a life cycle of products. As well they 
noted how during the first rounds the careless management of resources and 
technology reflected the current way society consumes products and generates 
waste. 
-External resources: this particular group of students had already taken the 
‘Sustainable Design’ class of their program. 

 
• Increase of knowledge/skills: players showed a better understanding of the 
following topics: the hardship of balancing the triple bottom line; the relationship 
between economic activities and environmental impacts and the concept of 
sustainability, given that they had on their own words ‘a more realistic’ practice of 
what sustainability is through the boardgame. 
 
•Identification with the game: this group felt immediately identified with the game (to 
the point the wanted to participate in future sessions) and mentioned how the game 
made clearer the concepts they barely paid attention to when they took the class. 
 
Third Test 
Characteristics of the third group: it was composed by 4 players, design students (one 
of them had never taken any sustainability related class, thus all the concepts on the 
game were brand new for her) and a facilitator to explain them the game while the 
researcher took notes and video.  

 
Figure 9: Third test group 

 
Reflections & results of the third test: this group showed bigger involvement with the 
game, including making jokes between rounds. They grasped the rules of the game 
faster than the other groups, playing without the help of the facilitator. They realized 
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that human activities such as heavy meat and milk consumption had a considerable 
impact on the environment. In this group the players were acting in a more altruistic 
way, trying to minimize the environmental impact. This took place after a player 
declared to feel guilty about triggering a disaster during the earlier rounds, with all the 
negative consequences that implied (after previously having a nihilistic point of view 
about ‘purging the planet’). However they barely cared about balancing the triple 
bottom line unless they had no more choices during their turns. 
 
Knowledge Transfer Model evaluation of the third test: the results of knowledge 
transfer, analyzed with the help of the surveys and the after game session show that 
this particular group gained an increased comprehension of the topics seen in class. In 
the case of the student that hadn’t take the class yet, she mentioned to have now a 
clearer idea of what sustainability is and how technology affects not only the 
environment but people’s lives, thus the need to be more careful on what to design 
and how. 
 
GIIL Model evaluation of the third test: Micro level involvement: this particular 
group showed more interaction in earlier rounds, generating collaboration strategies 
about resources trade and management, increasing the speed of the game and reducing 
conflicts. 
 
•Macro level involvement: 
 

-After game discussion: the players of this group created jokes and talked 
about their realizations on how consumption generated environmental impacts, 
altering their shared strategy towards a collective benefit in order to avoid 
triggering a natural disaster. 
-External resources: this particular group of students, sans one had already 
taken the ‘Sustainable Design’ class of their program. 

 
•Increase of knowledge/skills: players showed a better understanding of the following 
topics: what’s an environmental impact and how it results from human economic or 
technological activities; how easy is to forget about the triple bottom line when 
working on a design project and how cooperation brings more benefits to everybody 
on the long term. 
 
•Identification with the game: this group considered the game so fun that felt 
disappointed when the test had to end. In the case of the student that had no taken any 
class on sustainability, the game helped her to understand better the basic concepts 
that she had heard from her classmates. This group suggested adding to the game a 
‘Curious Data’ sheet to explain real life facts regarding environmental impacts. 
Finally, they realized that natural disasters impact everyone, regardless of their 
location. 
 
Reflections and conclusions 
 
When the project started, it parted from the following hypothesis: if a boardgame with 
sustainability as core theme is developed as tool for meaningful learning, it would be 
possible to enhance the understanding of sustainability basic concepts. 
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Based in the results obtained from these three tests, including the surveys, it seems 
that it is not only possible to develop such game, but shows promising signs of 
helping the students to get a better understanding of sustainability. However it is 
recognized the need to do a more continuous study on the application of this tool. It 
has to be noted that games can only be used so far to convey knowledge based on how 
long they can be played during a regular session. More complex situations might 
require more complex games with all the challenges they imply. There is also the 
need to define more concepts that can be translated to new games, such as Life Cycle 
Assessments or sustainable urban planning.  
 
Games like ‘Vessel Planet Earth’ can help as tools for meaningful learning in a safe 
environment that allows for trial and mistake, practical experiences to go in 
conjunction with regular lessons. Games are proving to be a useful tool to overcome 
most common barriers when teaching sustainability in a more engaging and 
meaningful way.  
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Abstract 
Many Thai scholars have suggested that Corporate Social Responsibility (CSR) 
practices in Thailand have been a result of influences by foreign companies, many of 
which have active and typically formalised CSR programmes. However, family-run 
businesses in Thailand (FRBT) often practice a different form of CSR, driven by the 
desire to “give back to society”, influenced by religion and culture. Previous studies 
have stated that CSR practices may vary between different firm types. This paper 
explores differences in approach to, and practices of, CSR in FRBT, in particular 
sectorial differences how different business sectors of FRBT practise their CSR 
activities and how such activities are perceived by their employees. 
The research is based on 2,352 returned questionnaires from employees of 28 FRBs in 
Eastern Thailand. Overall, the results show strong appreciation of the intrinsic CSR 
activities with interesting gradients across 3 FRBT sectors. Perceptions of CSR 
practice were clustered and labelled as: 1) Inactive CSR 2) Active CSR 3) Caring 
company 4) Moral owner 5) No CSR, with a clear split in distribution between hotels, 
fruit processing, and jewelry sectors.  In addition, staff from the jewelry sector appear 
happier than others probably because they appreciate the strategic intent of the CSR 
activities and have better awareness of the business owners’ generosity. Employees 
from the fruit processing sector appear the most disaffected because they perceive less 
CSR actions of their company. CSR awareness and perception of employees in the 
hotel sector generally vary much more depending on their working hierarchy in their 
respective companies. 
 
  
Keywords: Corporate Social Responsibility (CSR), Family-run Businesses in 
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1. Introduction  

Family Business Circumstance     
 
Multinational companies and large companies established around the world are 
significant in today’s time. Nonetheless, FRBs also contribute vastly to the world 
economy and workforce. Shanker and Astrachan (1996) stated that 12 to 49% of the 
total GDP and 15 to 59% of the U.S employment was contributed by family firms 
(Sharma, et al., 2001). Littunen and Hyrsky (2000) claimed that there has yet to be a 
widely accepted definition of FRBs although literature offers many and various 
definitions (Astrachan, et al., 2002). Here, FRBs are defined as companies which are 
managed only by family members. 
 
Previously, scholars globally have studied succession when they looked into FRBs 
and have found, amongst others, that the success rate of FRB succession has 
deteriorated over time (Sharma, et al., 2001; Sharma, et al., 2003; Sharma, et al,. 
2005; Handler, 1994; Morris, et al., 1997; Morris, et al., 1996; Bjuggren and Sund, 
2001; Breton-Moiiler, et al,.2004; Cabrera-Suarez, et al., 2001). Similarly, Thai FRBs 
are also facing succession issues which is crucial because companies that are 
domestically owned are mostly family firms (Lawler, et al., 2006). Even though 
succession is studied much less in Thailand, researchers suggest that succession 
failures can be categorised into family dimension, transition plan, lack of successor’s 
interest, and bad relationship between founder and successor (Handler, et al., 1988; 
Miller, et al., 2003; Sharma, 2004). However, some researchers found that human 
resources management can help improve succession possibilities. For instance, 
Astrachan and Kolenko (1994) specified that human resource management and 
practices, with the help of professional governance, aid in family firms’ survivability. 
However, there is limited research on the relationship between CSR and FRB 
transition where CSR activities may be able to strengthen FRB transition processes 
and survival. This research argues that, apart from human resource management, CSR 
is another strong tool to support FRB in raising survival chances in the succession 
process.  
 
Corporate Social Responsibility (CSR)  
 
CSR has been studied and practiced in academia and organisations alike for decades 
(Carroll, 1911; Carroll, 1979; Jones, 1980; Greenwood, 2007; Friedman, 2009; 
Prayukvong and Olsen, 2009; Aguinis and Glavas, 2012; Glavas and Godwin, 2013). 
Over time, socialisation, diversification, national and local interpretation and changes 
in values and priorities has expanded the definition of CSR (Barmmer et al., 2007) 
Initially, CSR was known to have economic values to companies where profit 
maximisation can be obtained (Friedman, 2009 p.112) – and be promoted only to the 
extent it does. Jenkins (2004) stated that businesses’ social responsibility originated 
from philanthropic donations and activities of large companies and individuals so 
actions such as endowing universities and establishing worker model communities are 
generally results of these large and wealthy companies. Later, CSR has been applied 
to address ethical standards for society and the company’s stakeholders. Carroll 
(1979) argued that CSR expanded to cover economic, legal, ethical, and philanthropic 
aspects. Since the 1980s, scholars relate CSR to the stakeholder concept (Carroll, 
1991; Freeman, 2010 p. 38) which recognises employees, suppliers, the community 
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and the surrounding society as legitimate parties of interest (Sims and Keon, 1997; 
Zaharia, 2011; Eua-anant et al., 2011; Lee et al., 2013). Recently, CSR has been 
defined by the World Business Council for Sustainable Development as “the 
continuing commitment by business to contribute to economic development while 
improving the quality of life of the workforce and their families as well as of the 
community and society at large” (WBCSD, 2017). Jamali and Mirshak, (2006) further 
argued that differences in culture matter for the  CSR dynamics and are typically 
different between companies. This was supported by Perrini and Minoja (2008) who 
studied on CSR in Italian medium-sized FRBs and have found out that company 
owner’s beliefs and moral values, and his past experience, seem to influence the CSR 
strategies of the company.  
 
In Asia, it appears that many companies have been increasingly describing CSR as 
social and environmental effectiveness of their firms. Nevertheless, very few FRBs, 
especially in Thailand, have used the term CSR when describing such activities, 
although anecdotal evidence suggests that many FRBTs are actively pursuing their 
own understanding of “Social Responsibility”, geared towards their employees and 
the communities they live in. This research will explore what CSR activities are being 
carried out by Thai FRBs, with a focus on CSR activities and their relation to 
employees. 
 
Effects of CSR on employees 
 
Human resource is an important function in managing and developing employees in 
an organisation. CSR can be useful for employee’s engagement within the businesses 
as well. Goffee (1996) suggested that employees are controlled by control systems 
which focuses on the social and moral obligations and employees are expected to 
fulfil, and be loyal to, these tasks. In return, company owners pay employees but also 
may help with welfare of their employees such that they have better means to live. 
Employees are crucial since they allow companies to operate effectively and therefore 
both parties, employers and employees, are interested in this form of relationship 
(Greenwood, 2007). CSR creates trust and social capital from employees, thereby 
allowing employee policies to be more easily carried out and also brings out loyalty of 
employees (Perrini and Minoja, 2008). Employee motivation and happiness and be 
improved by CSR (Sims and Keon, 1997; Worthington, et al., 2006) and positive CSR 
reputation is able to create positive employee perception to the company (Turban and 
Greening, 1997). In most small firms, value congruence and trust is vital for the 
success of the organisation as coordination of work happens much more frequently 
and without formal procedures (Jenkins, 2006). Sims and Keon (1997) suggested that 
trust within the company can develop better in an ethical working environment, which 
in turn can help to reduce employee turnover rate. There is also a positive relation 
between happiness and ethical working climate (Sims and Keon, 1997; Waddock and 
Graves, 1997; Viswesvaran and Ones, 2002; Valentine and Fleischman, 2008; Lee et 
al., 2013). When there is a positive view on company’s CSR, employees tend to be 
more positive towards other areas as well including senior management integrity, 
senior management leadership, and organisational competitiveness (Lee et al., 2013). 
Employees are mainly concerned with organisational survivability and the assurance 
of their wellbeing when companies practice a lot of CSR (Spence, 1999). 
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Recently, scholars have been researching more actively employee perceptions of CSR 
(Chew, 2015; Waddock, 2004; Peterson, 2004; Rodrigo and Aranas, 2008; Glavas and 
Piderit, 2009; Glavas and Godwin, 2013; Lee et al., 2013; Turban and Greening, 
1997; Kim et al. 2010). Glavas and Godwin (2013) have developed a model of the 
impacts of employee perceptions of CSR and how it helps employee identification 
with the companies they work for. They also found that awareness of CSR activities 
positively affects employee attitudes, especially when the company is socially ethical 
or that the CSR activities are important to them. Lee et al. (2013) mentioned that 
companies can improve their performance by improving their CSR performance and 
their employee CSR perception. Chew (2015), in a study on CSR impacts of 
employees in Malaysian SMEs, found that good CSR practice on environment help 
organisations to improve employee participation in the company. Further, Rodrigo 
and Aranas (2008) stated that employee CSR perceptions derive from their attitudes 
on company and society which suggests that the social conditions of employees and 
their socialisation into the organisation play an important role in the derivation of 
CSR perceptions. Therefore, companies have to take into account the employee social 
conditions when implementing CSR activities or strategies. 
 
In conclusion, many researchers suggest that, through CSR, a company can have 
better human resources performance in terms of staff loyalty, turnover rate, staff 
happiness and better working environment which is beneficial to the company itself. 
Since social conditions of companies among different sectors and countries can be 
different, it is interesting to look at CSR perceptions of employees across some of 
Thailand’s sectors.  
 
Nature of social responsibility in Thailand 
 
In Thailand, many companies have been applying CSR practices in their organisation, 
especially for human resource purposes, influenced by the West (Brewster, 1995). 
CSR practices is defined here as activities performed by an organisation to initiate 
betterment towards society and their employees. Zhu et al. (2007) who studied on 
HRM in Asian characteristics stated that before 2000, HRM was prioritised on peer-
to-peer affinity and rewarding long-term employees rather than being performance-
based. HRM, then, involved simple and informal practices such as staff employment, 
gauging employees’ wages and employee rankings. In Asia, Thailand included, more 
companies are owned only by family members than other regions of the world 
(Bendell and Ng, 2009). Bendell and Ng (2009) suggested that being a FRB means 
that the company is not restricted by shareholders and so they are able to incorporate 
their own beliefs and interests into their companies. Especially in Thailand, CSR 
practices may not be formalised (Eua-anant et al., 2011) but are implicit, informal or 
intrinsic FRBs (Prayukvong and Olsen, 2009; Onozawa, 2013; He et al., 2015; Eua-
anant et al., 2010). Most large firms, especially in Thailand, often originated as family 
firms and some continue to be owned and managed in the same manner (Lawler, et 
al., 2006). This means that human resource management, and CSR, practices often 
appear less structured even though they can be effective (Lawler, et al., 2006). 
Information gathered from preliminary interview has suggested that FRBs owners 
favour close and long-term relationships with their customers and employees. These 
companies generally have equally flat organisational hierarchy structure. The 
company owner, often the family head, is usually the person in command when 
deciding what the CSR activities these FRBs should undergo, and with what effect. 
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Most FRBs in Thailand are SMEs that illustrate their family nature and therefore 
enhances the importance of traditional social networks (Bendell and Ng 2009). 
Zialcita (2011) stated that Buddhism is one of the three pillars of the Thai identity 
which appear to be heavily influencing the management of companies in Thailand. 
Similarly, Onozawa (2013) mentioned that FRBT practice CSR that is influenced by 
the notion of “giving back to society”, which is often influenced by religion and 
culture. Looser and Wehrmeyer (2016) studied SMEs in Switzerland and have 
identified intrinsic CSR as “idealistic motives, visions, physical proximity, aspiration, 
and the will to give something back” (p.550). Likewise, intrinsic CSR activities are 
often designed based on traditional and ethical contexts. Therefore, businesses that 
incorporate intrinsic CSR are unlikely to apply formal CSR methods (Looser and 
Wehrmeyer, 2016). Nevertheless, the perception of CSR activities as seen by 
employees of FRBs with non-formalised CSR activities have yet to be looked upon in 
terms of their causes and effects.  
 
Aim 
 
This research aims to explore CSR activities differences across FRBs of 3 business 
sectors (hotel, fruit processing, and jewellery) in Thailand. This should help 
understand how intrinsic CSR activities are initiated, how they are different among 
companies of different business sectors and how they are perceived by employees 
across FRBs. The study will also explore how these CSR activities are perceived and 
with what effect. Ultimately, the results can then help to find ways to improve the 
working environment among the FRBs and increase the overall effectiveness in these 
FRBs. 
 
2. Methodology 
 
Data collection 
 
This research is based on quantitative data analysis with the use of questionnaire 
surveys to investigate employee perception of CSR among FRBs. A preliminary 
interview phase was conducted where 17 FRB owners in Eastern Thailand were 
interviewed. These 17 owners own 28 FRBs of different sizes. After consent, 3,000 
sets of questionnaires were distributed to the employees of these 28 FRBs with 2,684 
anonymous responses returned. Collected data was then entered into Microsoft Excel 
for storage and the majority of data analysis was performed with SPSS. 
 
Data analysis 
 
Although a total of 2,684 respondents participated, some of the responses were 
omitted as they were largely incomplete, leaving 2,352 responses to be considered in 
this study. Procedurally, Factors were generated from the use of principle component 
analysis on the employee attitude and the employee perception data, then cluster 
analysis was performed in line with previous efforts (Laysiriroj, et al., 2017; Zierler et 
al., 2017; Jeswani, 2008; Thilmany, 2013). Cronbach’s alpha was used to test the 
reliability of these Factors before they were used in further analysis. Only clusters 
with Cronbach’s alpha of 0.7 or higher were considered to ensure the reliability of the 
results. Cluster analysis has been used by other scholars to differentiate and categorise 
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respondents into groups (Lindgreen et al., 2009; Taneja, 2011; Buciuniene and 
Kazlauskaite, 2012; Thilmany et al., 2013). 
 
 
3. Results and Discussions 

 
The 28 FRBs selected for this study included 20 hotels, 4 fruit processing companies 
and 4 jewellery companies of different sizes (2 micro small businesses, 13 small 
businesses, 12 medium businesses, and 1 large business). 2,188 respondents of 
consideration worked in the hotel sector, 65% of which were in medium-sized hotel. 
There was 1 large hotel which has employed 28% of the total amount of employees 
responded with a total of 7 managers. All the fruit processing companies were 
medium-sized companies. Approximately 83% of the respondents in jewellery sector 
came from small Jewellery companies and 16.7% came from the micro small 
companies of the sector.  
 
The analysis found that the organisational structures of these FRBs are different: Only 
businesses in the hotel sector were found to have a more complex hierarchical 
structure where the owner is at top, followed by layers of Managers, Head of 
Sections, and Shop-floor employees. Fruit processing and jewellery companies have a 
relatively flat hierarchical structure where there is only 1 top manager which is the 
owner. These flat structured companies are often run by the founders, or the first 
generation of owners, of the company. On the flipside, 73% of hotel employees 
worked under the governance of the second generation owners while only 26.7% 
worked with the first generation owners. Respondents have suggested that all the 
jewellery companies were run by the first generation and the majority 63.8%) of fruit 
processing firms are managed by the first generation. Since Thailand is a Buddhist 
country, it is normal for 90% of the employees to be working for Buddhist owners, 
even when most FRB owners are Chinese-Thai, and 94% of these employees are 
Buddhists themselves. While there were 60 – 70% of female employees in the hotel 
and fruit processing firms, 60.4% of employees in the jewellery companies were 
male. The age group of employees are also different. Most employees in the hotel and 
fruit processing companies were between 21 – 40 years old while Jewellery firms’ 
staff members are often aged between 41 – 50 years. Employees from the hotel sector 
have a higher average education level than the fruit processing and jewellery sector: 
Hotel workers often have at least a high school or bachelor’s degree while many 
employees of the fruit processing and jewellery companies have lower education level 
(middle school or lower).  
 
The data was then analysed using cluster analysis that yielded 5 clusters describing 
the CSR intensity as perceived by employees of the respective companies which is 
illustrated in Table 1.  Likewise, a separate cluster analysis yielded another 5 clusters 
for employee attitudes in each company. 
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Employee perception on CSR activities  
 

Table 3: Results from employee perception on CSR activities clusters 
 
Table 3 shows the frequency crosstabs between the 5 clusters of CSR activities across 
the 3 business sectors. There are clear differences in the perception of CSR activities 
between these 3 sectors: A significant 39.6% of employees in the Jewellery sector 
have described their companies’ CSR status as a “moral owner” company when 
compared to 19.9% and 16.4% of the hotel and fruit processing companies 
respectively. Only 10.4% of employees in the jewellery sector labelled their company 
as “CSR inactive” which is less than half of the hotel and fruit processing sectors. 
This could be a result of their flat hierarchical structure and the size of the FRBs 
(small and micro small only) which enables these employees to work within close 
proximity with their respective company owners. Employees in this sector are often of 
higher age and have worked longer within the company than hotel and fruit 
processing sector which could be the result of the nature of a jewellery company 
where specific skills are required, acquired through prolonged training, in order to 
perform their work effectively. Thus, owners of such FRBs are motivated to keep a 
close relationship with these employees through the use of intrinsic CSR to gain trust 
and loyalty from these employees. This can be supported by (Worthington, et al., 
2006) who stated that employers engage in moral and paternalistic approaches to care 
for the welfare of their employees because doing so could help to foster employee 
loyalty and commitment towards the company itself, improving the organisation as a 
whole in the long run.  
 
On the other hand, hotel employees perceive the “CSR active” and “Caring” aspects 
of their companies more than other sectors. Also, employees of this sector have the 
least proportion who labelled their company as a company with “no CSR”. This 
suggests that there is a standard procedure when it comes to CSR activities in hotels, 
especially when these hotel often have more employees than the other 2 sectors. The 
employees were able to recognise these CSR activities in terms of training, uniforms, 
food, accommodation, social insurance, and medication for wellbeing. Because hotels 
are bigger than the other 2 sectors in nature, the degree of formalisation within the 
organisation tends to be higher. Thus, FRB owners have to declare their CSR 
activities to their employees such that employees will know what benefits to expect 
when they work for the company. In a hotel, where businesses are medium or large-
sized, owners generally work more closely with the managers in the hierarchy system. 
CSR policies are brought up to managers who will then deliver them to head of 
sections and shop-floor workers accordingly. According to Laysiriroj, et al., (2017), 
CSR perception differ among hierarchies. Managers and head of sections usually have 
more favourable CSR perceptions than shop-floor employees. Family-run hotels often 
have high staff turnover rate, especially of low ranked employees because such 
position does not require a special skill set and CSR activities are more catered 
towards higher ranking employees who are less expendable. Thus, shop-floor 
employees in hotels may have less positive perception of the company CSR activities 
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which affects their satisfaction when working in the company, leading to lower 
commitment and loyalty and higher turnover rate. Many a time, hotel shop-floor 
workers put in effort into their work solely because of the benefits such as work 
experience and good salary (Laysiriroj, et al., 2017.  
 
Spencer and Lozano (2000) explained that CSR in the context of SMEs involve 
improvements in terms of health, safety, work climate and productivity, and provide a 
platform for differentiation and visibility in the modern market. Morsing and Perrini 
(2009) suggested that CSR provides opportunities for companies to be more 
competitive. Despite these qualities of CSR and high competitiveness in the fruit 
processing industry in Thailand, it is surprising to see respondents from the fruit 
processing FRBs having negative CSR perception as compared to employees of the 
other 2 sectors. Table 3 highlighted that employees mostly perceive their company’s 
CSR activities as “CSR inactive” and “no CSR”. The “Moral owner” description 
was also mentioned least in the fruit processing companies. This is likely because the 
work process of the production is structured as a routine where shop-floor workers are 
responsible for operating fruit processing machines. Employee happiness affects 
quality of service more and because technology is used in the production of processed 
fruits, employee satisfaction is of less concern when it comes to the owners. 
Therefore, the majority of employees do not get to experience CSR activities by the 
company. 
      
Employee attitude clusters 
 

Table 4: Results from employee attitude on CSR activities clusters 
 
Table 4 illustrates the 5 clusters of staff attitudes that was generated via the cluster 
analysis. The table clearly distinguishes employees into 5 characteristics with respect 
to the 3 business sectors. In Jewellery FRBs there is a highest proportion of 
employees who are “Highly Satisfied” and “Proud”. The three sectors contain similar 
proportions of employees who are “Disaffected” with employees from fruit 
processing companies being slightly higher than the other 2 sectors. It is also notable 
that the amount of “Wage Oriented” employees among jewellery FRBs is at 12.5% 
which is significantly lower as compared to the hotel and fruit processing businesses. 
Fruit processing companies, in contrast, have the least amount of “Highly Satisfied” 
and the most amount of “Wage Oriented” and “Disaffected” individuals 
proportionately. “Highly Satisfied” and “Wage oriented” in the hotels is both at 19.7% 
which is in between the fruit processing and Jewellery companies. Although, only by 
approximately 1%, hotels have the highest relative amount of “Prideless” individuals. 
Overall, it appears that employees who belong in the Jewellery sector have 
characteristics which are more preferred by employers. “Highly Satisfied” and 
“Proud” individuals are more preferred because being happy and responsible allow 
for a better working environment and can turn into better effectiveness while working 
(Laysiriroj, 2017). “Disaffected” and “Prideless” characteristics are the traits that 
companies do not prefer as employees are not happy and have no room for 
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improvement. However, employees from all 3 sectors have relatively similar amount 
of employees who fall under these categories. 
 
Associations between CSR activities and employee attitudes 
 
Results from previous cluster analysis have indicated that there may be a connection 
between perceptions of CSR activities. Therefore a crosstabs analysis between CSR 
activities perception and employee characteristics in the companies have been 
conducted. Table 5 illustrates the association between CSR activities as perceived by 
employees and the type of employees that work under these companies. 
 

Table 5: Associations between CSR activities and employee attitudes clusters 
 
According to Table 5, “Highly satisfied” individuals often label their companies as 
“CSR Active” and “Moral Owner” companies. This means that employees are able to 
reach out to their boss when there are disagreements as well as being able to 
appreciate the CSR activities that the company has directed to them. “Proud” 
employees are associated with companies they label as “Caring”. “Caring” 
companies focus on the welfare of employees and thus employees are willing to work 
in these companies despite not having high salary. There is no clear cut association 
between employees who are “Disaffected” and what kind of company they label 
theirs. However, the closest connection is “Caring” companies with 31.1% of 
employees who call their company “Caring” are “Disaffected”. This is because while 
they understand and recognise that the companies are providing benefits and engaging 
in intrinsic CSR activities, the CSR activities that were involved did not seem enough 
or have not met their needs and wants. There is a clear positive relationship between 
“CSR Inactive” companies and “Wage Oriented” employees. Employees in this type 
of company appear to be uninterested in, or motivated by social activities or ethical 
congruence, so they are mainly interested in economics. Employees who are 
“Prideless” are often associated to “CSR Inactive” companies and companies with 
“No CSR”. Employees often feel that they have no other choice but to work for their 
current company because they may be earning just enough and would not be 
employed elsewhere. 
 
4. Conclusions 
 
The project shows that employees among different FRBs in the 3 business sectors 
have distinct CSR perceptions of their company. The pattern suggests that employees 
from the hotel and jewellery FRBs appear to have better perception of CSR activities 
of their companies. This CSR perception is then correlated to the employees’ attitudes 
and characteristics whether it is because positive CSR perception influences positive 
attitudes of employees or employees with positive attitudes are attracted to companies 
with relatable CSR activities. The case of jewellery business indicates that positive 
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CSR perceptions create positive employee characteristics because of the long work 
length of the employees in jewellery FRBs. Likewise, negative CSR perception also 
brings about negative employee characteristics. It is an interesting find that highly 
satisfied employees are working in companies that they perceive as “CSR active” or 
with “Moral Owners”. In contrast, companies that are perceived as “CSR Inactive” 
employ workers who are generally “Wage Oriented”. This is highly indicative that a 
company’s CSR performance is largely associated with the type of employees they 
are able to attract. However, there are also employees who recognise but do not 
appreciate CSR which has resulted in CSR activities creating negative or neutral 
attitudes of the employees. It was developed earlier that social conditions of 
employees are also a notable factor of how CSR activities can affect their attitudes. 
Therefore, it would be interesting to study the connection between CSR perceptions 
of employees across organisation hierarchies in the future.  
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Abstract 
This research was carried out to study the drying of paddy rice by using the developed 
pneumatic dryer with and without the outlet air cyclone installation on the dryer. In 
this study, Thai jasmine rice 105 variety was selected as a sample in the experiment. 
The characteristic of drying behavior, specific energy consumption (SEC), drying rate 
(DR) and percent of head rice yield were evaluated as the performance of dryer. For 
the drying experiments, a 40 kg of paddy rice was dried by the hot air temperature of 
80OC with the proper of a terminal air velocity for paddy rice. The result shown that 
the drying system without cyclone gives a higher rate of moisture extraction than the 
system with cyclone installation. Based only on energy utilization during the process, 
the highest SEC of 7.25 MJ/kgwater occurs on the drying at the airflow rate of 0.0512 
m3/s by without cyclone. For the dried product quality, the highest head rice yield of 
36.84% on the drying at airflow rate of 0.0631 m3/s. The breakeven point of the 
developed dryer is 1.6 ton/year of a paddy rice drying. 
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Introduction 
 
Rice is a kind of grain, which is a staple food in Thailand and Asia such as China, 
Japan and Malaysia. After the paddy harvesting, the moisture content (MC) in a 
paddy rice is height especially in a rainy season and it can cause the low quality of 
rice after the milling process. Therefore, the moisture reduction in paddy rice is a very 
important post-harvest process and the right moisture content of paddy rice for a long 
storage life is around 14%db (dry basis) [1]. At this moisture, the rice after milled are 
less in grain damage and high in head rice yield percentage. There are many methods 
to reduce the moisture of paddy. In Thailand, the traditional way is sun drying. This 
naturally method is easy and save the cost of heat energy. However, this way has a 
localization because the problems of labor and drying area intensive, long drying 
period, seasons and cannot control the final moisture content of the paddy rice. 
Another method to reduce the moisture of paddy rice is using of the dryer. It is a 
favorite method because it can operate in year round, faster than sun drying and able 
to control the desired paddy moisture. Notwithstanding the advantage of the dryer, the 
energy consume, drying capacity and the rice quality is a major problems in the 
moisture reduction by the dryer. There are a lot of currently research about how to 
reduce the moisture of paddy and also develop the system of dryer machines in order 
to use low energy consume but give a high capacity such as developing solar air 
heaters by modifying the roof of building [2], using stream dryers [3], designing 
inclined bed dryers [4] and using spouted bed [5]. 
 
The well known artificial drying for the paddy rice are LSU and fluidized bed dryer. 
They can reduce moisture by the less time, high capacity and have a well moisture 
distribution in paddy.  There have been attempts to develop LSU and fluidized bed 
dryers with other drying techniques such as using Far-infrared (FIR) [6] to reduce 
moisture and using hot air and superheated steam for drying system [7], However, 
both LSU and fluidized bed still use relatively high energy when compared to other 
drying systems. Therefore, pneumatic dryers are the interest technique to researcher 
because the dryers can be operated with low hot air temperature and have low initial 
cost.  
       
Accordingly, this research aim to evaluate the performance of pneumatic dryer, 
quality of milled rice after drying and discover the appropriate operating condition of 
the dryer. In the future, the result of this study will use as a guideline for the 
application of efficiently drying energy.       
 
Experimental detail and methods  
 
The developed pneumatic dryer shown in figure 1. The paddy rice was contained 
within the bin (No.2) with a dimension of 500 mm (W) x 400 mm (L) x 800 mm (H). 
The drying process begins by the feed auger (No.5) at the bottom of the bin conveyed 
the paddy rice to the drying column (No.1) that was made from an acrylic cylinder 
with a diameter of 76 mm and 1,000 mm in height. At the same time, the 80OC of hot 
air produced by 3 kW of electric heater (No.3) charged to the drying column (No. 1) 
by the 3 HP of air blower and carried the paddy grains by the terminal velocity of the 
air. The moisture from paddy grain was removed by the hot air during paddy grain-
hot air mixing and blow pass the drying column. Finally, the mixer flow into the 
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cyclone (No.6) to separate the dried paddy and send it to the bin. This process 
continue circulatory runs until the paddy rice was dried. 
 

           
   (a)                     (b) 

 
Figure 1.  (a) The developed pneumatic dryer (b) the paddy bin wall. 
 
Testing in this experiment, Thai jasmine rice 105 variety was used to be the samples. 
For the drying experiment, a 40 kg of paddy was dried at 80oC of hot air drying 
temperature. The air volume flow rate and their related paddy feed rate were varied to 
3 levels (set by the frequency on the blower motor invertor). The effect of cyclone 
installation are compared investigation. The drying behavior, specific energy 
consumption (SEC) by eq.1 (in MJ/kgwater), drying rate (DR) by eq.2 (in kgwater/hr) 
and percent of head rice yield (%) by eq.3 were evaluated as the performance.   
 

A

i f

QSEC
(W W )

=
−

     

            (1) 
Where  SEC = Specific Energy Consumption (MJ/kgwater) 
   QA    = Apply electric energy (MJ) 
   Wi    = Initial weight of paddy (kg) 
   Wf    = Final weight of paddy (kg) 

i f(W W )DR
hr
−

=      

            (2) 
Where  DR = Drying Rate (kgwater/hr) 
   hr   = Drying time (hr) 

 Percent of weight of only full grain rice (kg)head rice yield x100
weight of paddy rice (kg)

=  

            (3) 
 
Results and Discussions 
 
The drying behavior.  
                                                                            
At the airflow rate of 0.0512 m3/s, the system without cyclone uses a 377 minutes 
(around 6 hours) in the drying period. It is the fastest times in the moisture reducing 
from initial paddy rice to the finishing of moisture at around 14%wb (Table 1.). For 
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the system with cyclone, the results showed that the airflow rate of 0.0631 m3/s gives 
a fastest time in the reducing of moisture content of paddy rice. It uses a 486 minutes 
(around 8 hours) in drying time (Table 1.). Therefore, the drying by pneumatic dryer 
without the cyclone installed on the system can reduce the moisture of paddy rice 
faster than the system with cyclone. 
 
Table 1.   The result of a pneumatic dryer without cyclone.   
 

Flow rate 
level 

Air flow 
rate 
(m3/s) 

Paddy feed 
rate 
(kg/min) 

Condition 
Initial 
paddy MC 
(%wb) 

Final  
paddy MC  
(%wb) 

Drying 
time (min) 

1 0.0451 4.10 

With 
cyclone 

32.89 ± 0.13 13.88 ± 
5.19 

579.50 

Without 
cyclone 

32.96 ± 0.39 13.96 ± 
6.28 

446.50 

2 0.0512 6.35 

With 
cyclone 

33.21 ± 0.07 14.00± 5.47 565.50 

Without 
cyclone 

33.68 ± 0.06 14.06 ± 
6.60 

377.00 

3 0.0631 8.45 

With 
cyclone 

33.09 ± 0.65 14.00± 5.91 486.00 

Without 
cyclone 

32.88 ± 0.03 13.86 ± 
6.61 

409.50 

 
From both conditions, it was coincided that high airflow rates can well reduce 
moisture content of paddy rice because it generates the turbulence flow in the drying 
column. This situation leads the paddy rice well diffused within the hot air too and 
cause the high moisture extraction together and the drying behavior were shown in 
figure 2. 
 

    
 
  (a)    
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(b) 
 
Figure 2. Behavior of paddy drying system (a) with cyclone (b) without cyclone 
 
Specific energy consumption 
 
In Figure 3, the results of the specific energy consumption of pneumatic dryer without 
cyclone showed that the airflow rate of 0.0512 m3/s yielded the best specific energy 
consumption (7.25 MJ / kg water). For the dryer system with cyclone, it was found that 
the airflow rate of 0.0631 m3/s have the best specific energy consumption (10.41 
MJ/kgwater). 

 
Drying Rates 
 
The drying rates of the pneumatic dryer without cyclone showed that the airflow rate 
of 0.0512 m3/s generated the best drying rate (1.10 kgwater/hr) (Figure 3). For the dryer 
system with cyclone, it was found that the airflow rate of 0.0631 m3/s yielded better 
drying rate (0.82 kgwater/hr). 
 
From the results, the pneumatic dryer without cyclone provided the better drying rates 
than those of the dryer with cyclone. Because after the drying process in the drying 
column, it can make a secondary drying on the surface of paddy rice in the bin during 
the hot air from drying column was released to the bin with paddy rice.   
 

 
 
Figure 2. Comparison of specific energy consumption by cyclone and without cyclone  
installation. 
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Figure 3.  Comparison of drying rate by cyclone and without cyclone  installation. 
 
Head rice yield 
 
The percent of head rice yield was used as a quality index of dried paddy rice (Figure 
4). However, because the long experiment time (30 days in overall experiments), the 
quality of paddy rice sample must decrease and take an effect to the percent of head 
rice yield too. For the system with the cyclone, the higher airflow rate level might 
reduce the head rice yield of paddy because the high speed of airflow can make more 
damage on the paddy too.   Especially when the paddy rice hits to the cyclone in the 
system with cyclone. It was found that the airflow rate of 0.0451 m3/s yielded better 
head rice yield percentage of 33.91%. 
   
For the system without cyclone, the higher airflow rate level might increases the head 
rice yield of paddy because the shortest time in drying and it have no mechanical 
damage by the cyclone and the airflow rate of 0.0631 m3/s generated the best head 
rice yield of 36.84% 
 

 
 
Figure 4.  Comparison of head rice yield by sun drying, cyclone and without cyclone 
installation. 
 
Conclusion 
 
The drying system without cyclone gives a higher rate of moisture extraction than the 
system with cyclone installation. Based only on energy utilization during the process, 
the highest SEC of 7.25 MJ/kgwater occurs on the drying at the airflow rate of 0.0512 
m3/s by without cyclone. For the dried product quality, the highest head rice yield of 
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36.84% on the drying at airflow rate of 0.0631 m3/s. The breakeven point of the 
developed dryer is 1.6 ton/year of a paddy rice drying. 
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Abstract 
Kanazawa City was designated as UNESCO Creative City in the field of crafts and 
folk, and the demand to the locally made traditional crafts still remains high in the 
city. However, after the rapid economical growth, the utilization of the local natural 
resource for traditional crafts making was reduced due to the introduction of the cheap 
materials from China. Traditional Japanese paper or Washi, remained one of the 
important bio-cultural elements that still use the local natural resources for its 
production and its production is managed in the sustainable manner with less negative 
impact to the environment.  
We have conducted the educational field trips into the local Japanese community 
named Futamata in Mount Iozen region of Kanazawa City, Ishikawa Prefecture. The 
region is famous for making washi during the centuries, however due to the 
depopulation and aging problems now only three craftsmen have remained in the 
community. The culture faces the threat to be lost with no followers. 20 international 
students visited the fields and made their evaluations about the bio-cultural linkage, 
and gave some recommendations for the sustainable traditional crafts making. The 
outcomes of the field trips showed, that biological and cultural diversity were rich in 
the region, but, the sustainable practice of washi making cannot survive unless the 
bottom-up approach of the local authorities for its preservations. 
 
 
Keywords: Bio-cultural conservation, Sustainable development, Regional education 
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Introduction 
 
Bio-cultural diversity is the term applied to the diverse network between the nature 
and human culture, that are “inextricably linked” to each other. Urbanized societies 
have very week perception of this link because of the weak direct dependence on 
nature. However, the awareness of the link remains strong in the rural communities, 
who plays key role in maintenance entire social identity (Maffi & Woodley, 2012). It 
is well known that most of the ecosystems of the cities are obtained from the rural 
areas, and it will be crucial to consider both areas, for the sustainable development.  
However, rural areas, are facing the major challenges of the environmental (natural 
and cultural) loss due to the aging and declining population, environmental changes, 
economic instability and others. Kanazawa City was chosen as the destination for our 
research, due to the rich culture of the city which is inextricably linked with the 
diverse ecosystems of the rural and suburb regions of the city.  The population of the 
city is 450,000 people, and it is mid-size city with rich biological and cultural 
diversity. Due to its abundant culture, in 2009, the city was designated as a UNESCO 
Creative City in the field of crafts and folk.  Currently city has designated 22 major 
crafts as representative traditional crafts of Kanazawa City. The city promotes the 
craft related industries in different angles and increases the craft-related budgets by 
implementing the cultural policies.  Besides, the city develops its economy with 
preservation its environment (ecology) and ecosystem services, thereby stabilizing its 
economy with traditional and modern culture. Craftwork and handwork, do not 
requires the utilization of the fossil fuels, those this traditional culture strongly 
contributes for the sustainable environmental development of the city. 
 
Futamata is a small town in mountainous area of Kanazawa City. The entire 
population is 377 people with 122 houses. The town is situated in the junction of two 
rivers with the small plateaus along the river sides. This natural environment is very 
suitable for making the paddy rice fields and for fishing, which is still practiced by the 
locals. Mainly the town is famous for the production of the traditional Japanese paper 
(washi), which is designated as one of the traditional crafts of Kanazawa City. Due to 
the abundant water flows and favorable natural conditions, the region for the centuries 
was practicing the paper making and it was named as Futamata Washi. Washi making 
was very demandable by local authorities and by the Buddhist monks for writing the 
Buddhist scriptures, and for their valuable qualities paper making practice was closely 
protected by the lord of Kaga feudal clan, Maeda Toshie since 1593.  During those 
days, washi making was practiced in more than 100 houses, and only 10-15 people 
were making papers only for the lords. However, from the beginning of 20 century, 
due to the introduction of the western paper, the demand for the production of local 
Washi making started to decrease, and local people shifted into the agriculture and 
farming lifestyles (Nishimizu, 1993, in Japanese). After World War II, with the rapid 
economic growth, the utilization of the local natural resource for traditional crafts 
making was reduced due to the introduction of the cheap materials from China and 
many villagers started to leave to the city center for the stable income. Now in 
Futamata, there are only three washi making artists remained, two of whom are 
around their 70th. The annual production value of washi is 13 million yen. Kanazawa 
City has added the Futamata Washi to the list of the rare traditional craft, and its 
products are sold at the Kanazawa Crafts Hirosaka Shop, which is situated at the city 
center which is the main tourist destinations.  Futamata Washi is used in many 
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Figure 2. Dried parts of Kozo Figure 3. Futamata Washi 

traditional arts, calligraphy, woodblock printing, manufacture clothing and household 
goods.   
 
The traditional paper making has lots of differences from the modern paper 
manufacturing. Modern companies that produce paper, plant enormous amount of 
trees which takes more than 10 years to grow (Ates et al., 2008). Moreover, the 
chemicals used in paper manufacturing also harm the environment when they are 
released into the water supplies and the land (Pokhrel, 2004). Besides, paper making 
industry have been changed over time due to technology and mass production. Paper 
making which was considered as hand-made craft, became automated over the time 
by using the machines. In contrast, to make Futamata Washi, there is no need to use 
big threes, but rather shrubs such as paper mulberry brush, kozo (Broussonetia 
papyrifera), oriental paper brush, mitsumata (Edgeworthia chrysantha) and Japanese 
shrub, ganpi (Wikstroemia sikokiana) are collected and the paper is crafted by hand 
(Figure 1). Kozo has long, strong fibers and is the most commonly used fibers for 
making washi in wide variety of applications, such as table paper, writing paper, 
shouji paper (Taylor, 2006). Kozo shrubs can be cultivated easily and can be 
harvested every year, with less time spend for their growth. Each process of washi 
making performed by hand, without using any chemical or artificial agents, and each 
parts of the fibers are used without waste (Figure 2 and Figure 3).  This kind of paper 
making makes the process to be very sustainable in terms of time, cost and have less 
environmental impacts. However, in whole Japan the production of local vegetation’s 
are decreasing rapidly, together with the decreased demand for washi, and no 
followers.  

 
  
 
 
 
 
 
 
 
 

Figure 1. Kozo (on the left) and Mitsumata (rignt) shrubs growing in front of the 
house of paper making artist 
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In this study we decided to evaluate how sustainable is the washi making process, and 
why there are so many obstacle for its continuation. International students were 
chosen to participate in our study, as for many local students the traditional crafts 
became a common sense, and their ability to evaluate the values and appreciation of it 
is less, compare to the international students. International students, when they are 
exposed into the unknown and new environmental conditions or culture, which differ 
from their own (Aida & Iida, 2016), have shown a big interest and high evaluation 
skills. International students were asked to find the linkage between biological and 
cultural diversity and evaluate how this linkage is important for the sustainable 
development.  
 
Methodology of the course 
 
During the summer period of the academic year 2016, between the beginning of June 
and the end of August, intensive teaching activities were carried oud, including in-
class and fieldtrips activates organized by Kanazawa University. In total four field 
trips were carried out, which lasted for one or a half days. The number of the 
participants were academic 20 students with different study backgrounds. All trips 
were issue-oriented and guided by the professional local instructors, who gave the 
descriptions about the Futamata town, crafts that are produced in the city, 
depopulation problems and environmental issues. Later, students visited the houses of 
two artist (Artist “S” and Artist “I”), and made the comparative analysis between their 
practice and lifestyle. At the end, they visited the Hirosaka Shop at the city center of 
Kanazawa city, where their art are put on sell, and attracted by tourist.  
 
Students were asked to find the elements that make washi making sustainable and 
consider how paper making can support and sustain the bio-cultural diversity of the 
community. Students submitted the reports were they indicated more than five 
sustainable elements and the risk factors that halt the sustainable practice. After each 
fieldtrip students were given the time to think and analyze, and provide the 
recommendations for the preservation of the traditional culture. Also, before and after 
the trips we conducted the survey, to find the students’ awareness and knowledge 
about the bio-cultural linkage. Awareness and knowledge were scored by 1=Very 
Bad, 2=Bad, 3= Good, 4=Very Good. 
 
Results 
 
Before the fieldtrips almost most of the students showed that they had very low level 
of awareness about the bio-cultural linkage (85%). However, after the fieldtrips 90% 
replied that they became more aware about the existence of the bio-cultural linkage. 
Sustainable elements and issues related to the washi making were evaluated by the 
students. The results of the evaluating are shown in the Table 1. 
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Table 1. Student’s evaluation of the sustainable practice of washi making and the 
issues faced with its manufacturing. 
 
Sustainable Elements Issues 
- Utilization of local ingredients  
- Less environmental impact 
- Easily grown fibers 
- Less equipment cost 
- No need for advanced technologies 
- No waste products 
- Seasonal Practice (mainly winter) 
- Local appreciation and trust  
- Support the traditional culture 
- Utilization in multi purposes  
- High quality paper 
- Sustain the nature 
- More local customers 
- Less utility cost 
 

- Less demandable 
- Low income 
- Time consuming 
- No automatization in manufacturing 
- No followers 
- Requires physical labor 
- Expensive than the usual paper 
- Less local customers 
- Less opportunities in the foreign 
market 
- No daily life utilization  
 

 
90% of students reported that the washi making process is sustainable, however 75% 
reported that the practice would not last for other several decades. By interweaving 
the washi making artists, students found that even the Kanazawa City is trying to 
increase awareness about the importance of washi making by organizing the annual 
paper making events in Futamata, the annual number of participants are decreasing 
every year.   
 
Also, students found the big difference between the paper making practice of Artist S 
and Artist I, which is shown in Table 2. 
 
Table 2. Comparison made by students between two washi making artists. 
 
Artist “S” Artist “I” 
- Age 73 years old, male 
- Local resident 
- Farming is main income 
- Practice only in winter 
- Uses natural cold water in winter 
- Dries the paper naturally outdoor 
- Produce standard paper 
- Supported by family  
- Paper is less demandable  
- Owes the land to grow the fiber plants 

- Age 40 years old, female 
- Renter of the atelier 
- Income solely on Paper making 
- Produce the paper annually  
- Cold the water with the refrigerators 
- Uses the heater to dry the paper 
- Produces highly artistic, modern paper 
- Works alone 
- Paper is more demandable  
- Rents the land  
 

 
For the sustainable continuation of the local craft, students provide the 
recommendations shown in the Table 3.  
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Table 3. Recommendations provide by students for the sustainable continuation of 
washi making 
 
Recommendations 
- Create the small business with paper making to attract more youth 
- Start the international export with Futamata Washi 
- Make washi available for the reasonable price to be used in the daily life 
- Promote the local market and increase the local demand 
- Improve the access for the area, so the volunteers, students can help with the 
paper making  
- Government involvement for the economic support of the artist 
- Create more modern innovations 
- Increase more Creative and Craft tourism 
- Youth education and awareness raising 
- Create the Workshops to acquire the new knowledges for improvements of washi 
making with the collaboration with other prefectures  
- Make international exchange 
 
 
Conclusion and Discussions 
 
Paper making in Futamata have shown that even the practice is very sustainable in 
terms of production and environmental preservation, it cannot survive if there is no 
stable income and economic profits. All two artist confirmed that even thought that 
their paper are sold in the local shops, there is no stable customers and they cannot 
rely on the firm income. Second, as paper making by hand is highly time consuming 
process and requires hard labor, less youth are involved in its manufacturing. For the 
continuation of washi making, it was suggested by the students that the modern 
techniques must be used to increase the production amount, and reduce the labor work. 
Big differences of the paper making were found between two artists, which have 
shown that for the continuation of the practice the demand can be increased according 
to the modern requirements and innovations.  Artist “I”, is producing the washi 
annually and pays the high utility cost and land rent, however, her paper has more 
artistic qualities and is more demandable in the local market. Whereas the Artist “S”, 
is the local farmer who doesn’t rely only on paper making, but uses it as a second 
income after farming. He produces paper only during winter seasons, which cuts the 
utility cost, however the paper quality and type are standardized and the demand is 
less.  
 
Most of the international students showed that Futamata washi making, would not 
survive during the next few decades, if there is no serious measurements from the side 
of the government, small local and international business sectors. The loss of Futama 
washi, will lead to the loss of the regional identity, which was famous for paper 
making for centuries. After the fieldworks, international students were able to find the 
linkage of biological and cultural diversity, and see how this linkage is fragile if there 
is no human interaction. Concrete measurements should be taken to educate and train 
the successor, by implementing the exchange activities between the other craftsmen 
and make international collaboration.  
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Abstract 
Development is the process of change in a current system for comfort. The outcome of 
development can be positive or negative. Only development concept has failed and 
produces damage to lives and its consequences are natural calamities and terrorism. So 
the whole world is searching for sustainable development. Religious values are a strong 
denominator against which all other values could be equated and is trusted instrument. 
Different religions advocates for Nature, Spirituality and sustainability. Hinduism 
contains numerous references to the worship of divine Nature in Vedas, Purans. 
Buddhism says for survival mankind has to depend on Nature for his shelter, food, 
clothing, medicine and other requisites. Buddhism teaches us love for Nature and 
nonviolence. Islam’s Quran says that Allah is the creator of world. They are told to look 
after the world for Allah and for future. Christianity teaches us to spread love for Nature, 
Peace and nonviolence. It also teaches us to help poor people. According to the theory of 
Jainism, the five elements of Nature, Prathivi, Jal, Agni, Vayu and Akash are living 
creatures and must be treated as living beings. So every religion advocates for the 
protection of Nature natural elements and biodiversity conservation. Gandhiji said, “Earth 
provides enough to fulfill man’s need but not man’s greed.” For sustainable development, 
reduce, reuse and recycle is the best concept. New social ethics should be inculcated 
among children both in school and at home emphasizing concern.  
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Introduction 
 
Development is the process of change in current system comfort and luxury. However the 
outcome of development can be positive or negative. Positive are advance science and 
technology, advanced medical science, good infrastructure, and electronic goods. 
 
Instead of this modern man in his search for pleasure and affluence has exploited Nature 
without any moral restrain to such an extent that Nature has been incapable of sustaining 
healthy life. Invaluable gifts of nature such as air, water, soil and sky have polluted with 
severely disastrous consequences.  
 
Man is now searching for ways and means of overcoming the pollution because his health 
too is alarming threatened. So the Human kind wants development which can sustain and 
can protect the Nature. To overcome this problem and maintain balance between 
development and nature, the term sustainable development is coined. Hence sustainable 
development is defined as a pattern of development which fulfills human needs while 
taking in to consideration the factors regarding security and protection of environment, 
culture, moral and socio-religious values. 
 
Now human being feels that it is irresponsible and morally wrong on his part to commit 
polluted planet to future generation. He is searching to find an appropriate environmental 
ethic to prevent further aggravation of the present pollution problem. He has forgotten 
wisdom of environmental values in the area of religion. Now human is realizing religious 
values are most effective on general public. In past, every culture and civilization, every 
religion used to be a strong denominator against which all other values could be equated. 
The religion is trusted instrument and has been used effectively to achieve socio-
economic, environmental and cultural targets. 
 
Every religions advocates spiritual values, health, environment, non-materialism and non- 
violence.   Religion preaches us our duties and emphasize on maintaining balance 
between “Needs and Greed’”.  
 
Thus today understanding about sustainable development is not a new concept but just a 
revised terminology which we all forgot once. Now we will note, how different religion 
talks about sustainable development”.  
 
We have tried to discuss view points of different religions and cultures in brief to focus 
on importance of choosing right path for “sustainable and holistic development”. 
 
Hinduism- It is oldest but most evolved, scientific religion. It contains ready references 
from Vedas, Purans, Upnishads to understand, Why Nature is called “Mother”? Hinduism 
teaches us that the five great elements ( space, air, fire, water and earth) that constitute 
the environment are all derived from Prakrati. In Hinduism, Nature is called Prakrati. 
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Why we worship divine elements related to “Nature”. Millions of Hindus recite Sanskrit 
mantras daily to revere their rivers, mountains, trees, animals and the Earth. This 
Religion preaches us our duty between Needs and Greed’s.   
 
The Chipko (tree hugging) movement is the most widely known example of Hindu 
environment leadership. In Hindu mythology the five elements which create life are air, 
water, fire, earth and space. These five elements derived from “Prakrati”. Hindu religious 
books guide us that every element of Nature should be respected and should not pollute. 
If not taken care “Mother Nature” may result into devastating curse from respective 
deities leading to Natural calamities like flood, drought, Psunami and chakrabat (earth 
quakes). 
 
The scientific facts Hindu culture walks closely holding and bridging ties between 
culture, nature and technology. 
 
Naturopathy and Ayurveda is example of this symbiotic relationship between uses of 
Nature in healing process. Cutting down green trees like Banyan and Peepal is a strong 
sin in Hindu mythology. River is considered Mother and holy religious ceremony takes 
place on river bank from birth to death. 
 
Hinduism and its off-shoots like Sikhism, Buddhism and Jainism are all based on same 
school of thoughts. The Jainism is an extreme example of belief on the theories of non-
violence and truth. 
 
Buddhism- In Buddhist culture and belief system there are following characteristic 
theories which are based on principles of 
 

1. Simple and moderate life style. 
2. Satisfaction of basic human necessities. 
3. Reduction of wants to the minimum frugality. 
 

It is only possible when whole mankind adopt a simple and moderate lifestyle. Whole 
mankind adopts a simple and moderate life style. Whole mankind will stop to polluting 
the environment. This seems to be the only way of over-coming the present eco-crisis and 
problem of alienation. With such life style, man will adopt a non-exploitative, non-
aggressive, gentle attitude towards Nature. He can than live in harmony with Nature 
utilizing its resources for the satisfaction of basic needs. Our planet is very beautiful. Its 
life is ours life and its future is ours future. Earth nourishes us just like Mother. We, like 
children are dependent on her. So the global problems cannot be solved by a single 
Nation. All nation of the Earth, should work together to protect nature. Our Mother Earth 
is teaching us a lesson of universal responsibility. Buddhism always preaches us the 
virtues of non-greed, non-hatred and non-delusion in all human pursuits. Greed breeds 
sorrow spoils Nature and unhealthy consequences. Buddhism advocates a gentle non-
aggressive attitude towards “Nature”. 
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Jainism- is one of the most environmentally conscious religion in the world. The religion 
is based on the principles of nonviolence all living beings and Nature. 
 
Sikhism-   In Sikhism, environment is part of an integrated approach to life and Nature. 
As all creation has the same origin and end. Humans must have consciousness of their 
place in creation and their relationship with the rest of creation. 
 
Islamism- It also give due respect and importance to natural elements. Islam teaches us 
that all creation of God whether it is tiny aunt or huge lion serves a certain purpose in the 
larger scheme of God’s world. “There is not an animal( that lives on the earth or a being 
that flies on its wings, but form part of communities like you.”(Quran6:38). Allah 
reminds us in Quran not to temper with his divine balance. 
 
Main trustee and vicegerent- The following Quran verses emphasize the point “ Believe 
in Allah and his messenger and spend of that where of he hath made you trustees and 
such of you as believe and spend ( a right) there will be a reward. (Quran 57:7 ). So we 
are mere trustees of the wealth in our possession. 
 
For environmental crisis, Quran call us to recognize our own contribution to the crisis.	
The sanctity of planting trees- Prophet Mohammad said that if one plants a tree then 
whatever is eventually eaten from it by humans, animals counts for the planter as an act 
of charity. 
 
Equilibrium of all lives- Muslims believe that all creation of Allah including animals, 
trees glorify God ( Allah) in their way and bow down in worship all things that are in the 
heavens and on the Earth, Sun, Moon, Stars, Hills, Trees, Animals and Mankind. ( Quran 
22: 18 ). Allah reminds us in the Quran, not to temper this divine balance ( measure). In 
Quran, “ The sky he hath uplifted and He hath set the divine balance, not to destroy 
divine balance but measure strictly , nor fall short there of.” ( 55:7-9). Hence, 
irresponsible deforestation and wanton killing of even the tiniest of God’s creature is 
strongly discouraged in Islam. 
 
Conservation- Wastefulness is a major contributing factor to our present woes. So in life, 
reduce, reuse and recycling should be the moto in the modern time. The Quranic caution, 
“ But waste not by excess: for Allah love not the wasters.” The principle of conservation 
is illustrated by the following rule, Islamic act of worship: while making ablutions in the 
preparation for prayer, use minimum water. Muslims following this rule is must, due to 
conservation of water and other natural resources as divine provisions. 
 
The Quran calls us to recognize our own contribution to the crisis. “ corruption doth 
appear  on land and sea because of ( the evil) which men’s hands have done, that he may 
make them taste apart of that which they have done, in order they may return. ( Quran: 
30: 41). Due to deterioration of our environment and our natural resources, we need to do 
our best to restore, preserve and conserve the balance in Nature. Allah has appointed us 
as viceroys and trustees of Earth planet. So it is our responsibility to save and flourish the 
planet. We can do some efforts. Reduce, Reuse and Recycle should be the main theme of 
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living style. For reforestation, plantation should be encouraged at high level.  We should 
conserve and should not pollute the natural resources such as water, air, land and sky. 
 
Chrishtianism- Christianity has a long tradition of reflection on Nature and human 
responsibility. Christian environmentalist opposes policies and practices that threaten the 
health or survival of the planet. According to Bible, human is keeper, we are called 
“Steward of the Earth”. There are three principles—We all live on the same planet and 
ultimately dependent on natural fruits of earth for the life support. So every individual 
person should take care of nature and its elements. 
 
1. God created world and therefore values all his works for creation( Principle of creation 
value). 
2.  God created and sustain all elements and systems in his creation within practical order 
to meet certain outgoing purposes.( Principle of sustain of order and purpose). 
3.  Everything in the created world and universe is subject to corruption by sin and 
ultimate redemption through Jesus Christ. ( Principle of universal corruption and 
redemption). 
 
According the direction of holy books ( keep in Middle ) country policy makers should 
emphasis the following strategies for sustainable development. 
 
The concept of sustainable development gives the new direction of resource conservation 
strategies which are: 
  
1. Conservation or reduction of excessive resource use.  
2. Recycling and reuse of material. 
3. More use of renewable resources like Solar, Air and Water energy rather than non-

renewable resources such as oil and coal. 
 
Sustainable development requires fulfilling basic needs for all people of the world not 
luxury for some people. Ecological interest of the whole world is same eg effects of 
pesticides, insecticides, fertilizers and irrigation practices are common in every country. 
One country should share to another country. 
 
For sustainable development in the world, we require policy changes at the global level . 
The key points of all religion about conservation, environment, moral and spiritual from 
east to west should combine ( keep in middle) than policy makers innovate and discover 
the new policies for sustainable development. 
 
There are some obstacles in the path of sustainable development. 
 
1.  High technology 
2.   Non conservation 
3. Deforestation 
4. Population 
5. Economic policy 
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Instead of these obstacles, we should follow the  
 
1. Appropriate technology 
2. Conservation 
3. Reforestation 
4. Space ship economy  
 
Characteristic feature of appropriate technology 
 
1. Small to medium sized are used, which maximize human output. 
2. Technology is simple and easy to understand. 
3. Employees do a variety of tasks resulting in increased output. 
4. It is less capital intensive and maintenance is easy. 
5. Local resources are used, products are mainly created for local use. leading to self 

sufficiency. 
6. Decentralized production and control and small amount of pollution. 
7. It emphasis the use of natural biodegradable material. 
8. Small amount of energy and material  input and small amount of pollution. 
9. The use of renewable energy resources emphasized. 
10. Compatible with local culture and the environment. 
11. It encourages local talents and handicrafts and the products are durable. 
 
New global economic system 
 
Appropriate technology is advantageous and is boon. It increases happiness, health and 
satisfaction, it gives employment and should reduce corruption and crime. Some 
economist believe that new economic system at global level is necessary for long term 
survival of the human race. 
 
On contrary, the present economic growth system is indexed by maximum flow of 
money, maximum production, maximum consumption, maximum resource use and 
maximum profit. 
 
The frontier economy should be replaced by spaceship economy which says that earth 
like a spaceship is a closed system. Spaceship economy or a sustainable economy 
promotes recycling, reuse and reduce. It emphasize on conservative use of renewable 
resources, product durability and a clean and healthy environment. Broken goods should 
repair rather than replaced. Harmful non degradable wastes would be eliminated as much 
as possible. 
 
In future, patterns of developments should be based less on materialism. There should be 
some common and major goals that developed and developing nations need to set to 
achieve a sustainable economy. 
 
Conservation—For sustainable development basis, earth’s natural resources must be 
used smartly to enhance their utility without prejudice. The solar energy, wind energy 
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and water energy can help us to maximize the benefits with minimum damage to natural 
resources. 
 
Population--- UNO has warned the countries about population growth. For achieving 
goals of sustainable development, the population growth should be controlled. 
 
Here I want to relook at the definition of developed and un-developed countries. The 
countries involved in polluting ecosystem in name of Science and Technology for their 
own comfort and luxury and to raise living standard. Similarly those countries who 
exploit environment to develop arms and advanced weapons can not be graded as 
developed countries. Ranther, those countries which are eco-friendly, happy, healthy and 
where basic living needs are satisfied and economy is stable. Those who live with peace 
and harmony with human kind and nature are real developed countries. 
 
To achieve path of sustainable development we must have to think about pollution free 
and green planet for generation. Countries have to invest on long term futuristic goals 
and develop policies likewise keeping in mind the real meaning of development. 
 
In search of wisdom and knowledge, human have discovered the path of religion which 
can enlighten mankind towards new attitude, culture and society. It would be best to 
follow popular Buddha’s Middle-path concept which means balanced growth. 
 
Thank-you. 
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