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Abstract 

This study was carried out to determine energy indicator trends and identify what causes energy indicator variations among 

smallholder tea factories in Nyeri and part of Muranga counties in central Kenya. Five years [2009 to 2014] monthly energy 

consumption data was collected and analyzed. Energy performance indicators used were energy intensity (EI), cost intensity 

(CI), specific thermal ratio (Tons Made Tea (MT) per ton fuel wood), and specific electricity ratio (kWh /ton MT). From that 

analysis, fuel wood accounted for 89.93 %, electricity 6.37 %, fuel oil 2.88 % and diesel 0.82 % of the total energy 

consumption. In terms of energy cost, fuel wood accounted for 37.84 %, electricity 51.34 %, fuel oil, 6.86 % and diesel 3.95 

%. Energy ratio for thermal and electrical for the period was 92.8 and 7.2 respectively. The average energy intensities 

ranged from 32.40 MJ/kg MT to 38.31 MJ/kg MT and cost intensity ranged from USD 163.05 to 214.72 per ton of MT. 

Average specific electricity ratio for the period ranged from 590.06 kWh/ton MT to 798.73 kWh/ton MT and fuel wood 

specific ratio ranged 0.384 MT/ton to 0.746 MT/ton of fuel wood. Fuel wood cost increased from USD 28.15 at the 

beginning of the period to USD 37.18/ton whereas fuel oil consumption reduced from 6.59 % to 1.21 % mainly due to high 

cost of fuel oil which had increased by 80.4 % over the period. Fuel wood consumption increased by 5.39 % and was a 

cheap source of energy compared to fuel oil. Diesel consumption by standby generators ranged from 0.73 % to 1.04 % of the 

total energy consumption. Factors causing energy indicators variations were identified as production levels, capacity 

utilization, environmental factors, energy source cost, type and mode of storage as well as quality of fuel wood and 

operation decisions. 
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1. Introduction 

 Agriculture is the backbone of Kenyan economy with Gross Domestic Product (GDP) of 25.3 % and employs about 80 % of 

the rural population as well as contributing about 60 % and 45 % of the foreign earnings and government revenue 

respectively [1]. Tea, one of the main cash crops grown in both large and small scale in Kenya was first introduced in 1903 

by a colonial settler from India and was first planted in Limuru before spreading to other parts of the country [2]. Tea 

contributed 11 % of the GDP in agriculture, 26 % of the foreign earnings and employed about 5 million people both directly 

and indirectly [3]. Not only does the tea sector in Kenya employ 10 % of the rural population but also contributes to rural 

infrastructure improvements and standard of living for those living in tea growing areas [4]. 

Tea processing is mainly a drying process that reduces moisture content of the fresh harvested green leaves from about 83 % 

to 3 % [5] Tea processing carried out in the following stages; withering, rolling or cutting, fermentation, drying, grading, 

packing and dispatch.  Tea processing is an energy intensive process that requires both electrical and thermal energy at a 

ratio of 15:85 [6]. That energy ratio is different from that of a broiler processing plant of 31:69 for electricity and thermal 

respectively where electricity accounted for 72 % of the total energy costs [7]. A study carried out in Canada show that for a 

pulp and manufacturing industry 57 % of the energy was derived from biomass and the rest from electricity [8]. Globally 

electricity accounted for about 33 % of the primary energy used by industries [9]. 

 Fuel wood was the major and cheap source of energy in Sri Lanka tea industry [10]. In India, every kg of made tea (MT) 

requires 3.5 to 6 kWh of thermal energy and 0.2 to 0.5 kWh of electrical energy [11] but in Sri Lanka it ranged from 4.45 to 

6.84 kWh per kg MT and was about 10 kWh per kg MT in Vietnam [6]. In India fuel wood consumption was 1.9 kg for 

every kg of MT [12] whereas in neighbouring Tanzania it was 3.6 kg for every kg made tea [13]. Fuel wood ratio affected by 

the moisture content, fuel wood tree species and duration of storage after harvesting which should be at least six months for 
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fuel wood to cure [14]. Moisture content of fuel wood varies from 25% to 45% wet bulb [10]. In Sri Lanka the overall 

energy intensity was about 22.4 MJ/kg MT of which 95% was thermal and the rest electrical energy [10]. 

 In Kenya, 70 % of the energy needs were derived from fuel wood [15] compared to 92% of final energy in neighbouring 

Tanzania [13] and projections show fuel wood will be a major source of energy even in future [13].  

The main challenges facing smallholder tea factories in Kenya are low market prices, escalating energy costs and high labour 

cost that diminish farmer returns. Studies show in Africa, firms loose 77 hours of production time every month due to power 

quality factors [16] and in Kenya firms lose about 9.5 % of the total output due to power outages [17]. Poverty reduction is 

one of the major priorities by the Kenyan government and any effort to lower the cost of production of tea processing will 

improve the return to tea farmers thus contribute towards achieving the noble goal by the government. As a result there has 

been a lot of interest in energy efficiency and management so as to reduce cost of energy. Using energy efficiently has 

several benefits such as reduced investments in energy infrastructure, low dependency on expensive fuel oil, increased 

profits and environmental conservation. Studies show electricity saving of about 23 % can be achieved by controlling air 

flow rates for withering to an average of 20 ft
3
 per minute per kg green leaves [18]. That was achieved by adjusting the pitch 

angles of the withering fans that delivered large volume of airflow rates and at a loading density of 2.5 kg/ft2 of green leaves 

recommended for withering [18]. 

Results from a study carried out in a broiler processing plant in Georgia and Alabama USA showed that energy consumption 

was determined by a variety of factors such as plant location and climatic conditions, technical and engineering 

characteristics of the plant as well as operating procedures and practices employed [7]. However, energy indicators are not 

only determined by type of energy source, production levels, production conditions and energy input [19] but also quality 

and plant efficiency which depend on the equipment used [20]. When a machine is underutilized it leads to energy loss since 

there is a base load of energy to be met irrespective of the quantity processed by the plant. A study found out that low 

machine efficiency and down time leads to high energy use [8] meaning, overall equipment effectiveness (OEE), a product 

of plant availability, quality and performance, indicate plant utilization levels compared to its optimum capacity hence 

measuring performance and energy efficiency of the plant. It was established that the world class average OEE index for 

manufacturing plants to be about 85 % [21]. Adoption of energy conservation and good environmental technologies being 

hindered by lack of information and awareness, lack of co-ordination standards, lack of funds, research and development [5]. 

Information on specific energy consumption and energy indicator trends lacks that could to assist tea factories in planning 

and monitoring energy consumption trends. Therefore this study aimed at establishing the trends and factors that cause 

energy indicator variations among tea factories. 

2.0 Methodology 

2.1 Data collection 

Monthly made tea production data, electricity, fuel wood, fuel oil and diesel consumption including corresponding cost was 

obtained from 9-tea processing factories in Nyeri and part of Muranga County in central Kenya (Table 1). The period 

covered was from June 2009 up to June 2014 and all monthly energy consumption, cost of energy and production records for 

the period were complete These factories represented about 17 % of smallholder tea factories that operate in Kenya. Data on 

factors considered to influence energy indicators was also collected from among the factories through for analysis. 

Table - 1: Geographical location of the study area 

No Factory  Code Latitude Longitude 

1.0 Githambo F1 -0
0
 43’ 44’’N 36

0
53’36’’E 

2.0 Kanyenyaini F2 -00 40’ 46’’N 36054’56’’E 

3.0 Gatunguru F3 -0
0
 38’ 19’’N 36

0
54’2’’E 

4.0 Kiru F4 -0
0 

37’ 11 N 36
0
53’20’’E 

5.0 Chinga F5 -0
0
 36’ 6’’ N 36

0
53’50’’E 

6.0 Iriaini F6 00
0
 32’ 39.3’’ S 36

0
54’36’’E 

7.0 Gitugi F7 000 31’ 04’’ S 36052’29’’E 

8.0 Gathuthi F8 00
0
 29’ 27’’ S 36

0
53’38’’E 

9.0 Ragati F9 -0
0
 23’ 29’’ N 37

0 
9’ 33’’E 
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2.2 Data analysis 

Data collected was coded, analysed using Excel spreadsheet and results presented in Table 2 after identifying energy sources 

and collating. Annual consumption for each source of energy was determined including percentage share for each source of 

energy as percentage of the total energy consumption and cost. Energy intensity and specific energy ratios were calculated to 

determine the energy utilization pattern for each factory. A comparison was made between energy indicators and factors that 

cause intensity variations. Data was analyzed, average for the study period determined, data presented in tabular and 

graphical form for each year.  

3.0 Results and discussion 

 3.1 Average final energy 

Table 2 shows 5-years average  annual energy consumption data analysis.  

 
Table - 2: 5- Years average 

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9 

Annual MT ('000 tons) 4.14 4.00 3.76 3.98 3.43 3.09 2.62 3.09 3.20 

Total energy(TJ) 144.85 148.69 123.83 152.39 112.43 103.28 85.04 101.22 119.95 

Electricity energy (%) 5.62 5.77 6.82 6.06 7.33 8.16 6.54 5.90 5.82 

Diesel energy (%) 1.02 1.22 1.06 0.61 0.76 0.43 0.62 0.58 0.81 

Fuel wood energy (%) 86.82 90.32 92.11 87.75 90.19 91.33 92.11 93.52 87.73 
Furnace oil energy (%) 6.55 2.69 0.00 5.58 1.71 0.08 0.73 0.00 5.64 

Energy intensity( MJ/KG MT) 35.00 37.20 32.95 38.31 32.76 33.46 32.40 32.77 37.44 

Energy cost ('000USD) 800.46 764.71 693.40 854.12 689.55 532.27 470.56 503.60 662.25 
Cost intensity(USD/TON MT) 193.43 191.33 184.49 214.72 200.95 172.45 179.29 163.05 206.73 

Electricity Ratio (KWH/ ton MT) 645.00 722.50 721.80 709.86 736.65 798.73 644.56 590.06 689.59 
F.W ratio (Tons MT/TON F.wood) 0.417 0.407 0.475 0.384 0.472 0.471 0.476 0.471 0.392 

 

The assumption made was that electricity consumed goes directly to production and energy intensities captures any form of 

energy lossess since it was calculated  based on the number of units consumed and made tea produced. 

Conversion factors: 1 USD = KSH 85, Electricity 1 KWH = 3.6 MJ, Fuel Oil (HFO) =40.28 MJ/Litre, Diesel = 41.4 

MJ/Litre, Wood 1kG 14.40 MJ [Engineering tool box]. Density of wood = 541 kg/m3 = 7790 MJ (14.4X0.541). Diesel and 

furnace oil was converted into the equivalent electricity and fuel wood respectively. 

 The average energy intensities for the period ranged from 32.76 MJ/kg MT to 38.31 MJ/kg MT compared to 22 MJ/kg in Sri 

Lanka [10]. Cost intensity ranged from USD163.05 per ton MT to USD 214.72 per ton MT. Other energy indicators such as 

specific fuel wood ratio ranged 0.384 ton MT per ton to 0.475 ton MTper ton fuel wood and specific electricity ratio ranged 

590.06 kWh per ton MT to 798.73 kWh per ton MT compared to the total specific thermal energy requirements in India and 

Sri-lanka which ranged from 4.45 kWh/kg MT to 6.84 kWh/kg MT and about 10 kWh/kgMT in Vietnum and specific 

electricity ratio for these three regions ranged from 0.58 kWh/kg MT to 0.80 kWh/kg MT [6]. 
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3.2 Energy sources 

Figure 1 shows the average share of energy resources for electricity, diesel, fuel wood and fuel oil that ranged from  

5.62 % to 8.16 %, 0.43 % to 1.22 %, 86.82 % to 93.52 % and 0 % to 6.55 %  respectively. 

 
Figure 1: Energy sources 

From figure 1 the main sources of energy for the tea factories was fuelwood which together with fuel oil supplied thermal 

energy requirements and areas average for the period was 89.93 % and 2.88 % respectively. Electricity sources were standby 

diesel generator(s) and electricity from national grid  which accounted for 0.82 % and 6.37 % respectively of tea processing 

energy requirements. Therefore, energy ratio required for tea processing in the area under study was 92.81 %  thermal and 

7.19 % electrical energy compared 80 % to 85 % in  Sri- Lanka where thermal energy was supplied from fuel wood, 15 % 

from fuel oil and electricity from the grid accounts for 15 % to 20 % of the total tea factory energy requirements and in 

Vietnum, thermal energy consumption accounts for 80 % and electricity 20 % [6].  

From the analysis, the main sources of energy for tea factories in Kenya was fuel wood with share of 89.32 % of the overall 

tea processing energy requirements compared to the national fuel wood contribution of 70 % [15] and 92% in Tanzania [13]. 

That large share  of energy shows overall energy intensity can be better when fuel wood is utilized efficiently. According to 

economies of scale, the factory with the highest production  F1 tea factory  of  4,138.32MT should have the lowest energy 

and cost intensity compared to F7 tea factory whose production was the lowest of 2,624.61 ton but that was not the case  

because the factory with the highest production had higher energy intensity of 35.0 MJ per kg MT compared to 32.4 MJ per 

KG MT for the tea factory with the least production which indicates other factors infuence energy utilization.  

3.3 Energy cost 

Table - 3: Average unit Cost of energy 

Table 3 shows the average unit cost of energy over the period from the various energy sources. 

Source Unit cost[ USD/MJ] Unit cost USD/KWh 

Electricity 0.0407 0.150 

Fuel oil 0.0142 0.0512 

Fuel wood 0.0023 0.0082 

Diesel for generator 0.0261 0.0941 

 

From Table 3 the unit cost of diesel for generator was USD 0.0261/MJ compared to USD 0.0407/MJ of electricity from the 

national grid. Fuel oil was quite expensive at USD 0.0142/MJ compared to USD 0.0023/MJ of fuel wood. Therefore, fuel oil 

as a source of thermal energy was 6.24 times more expensive than fuel wood and that explained why most factories had 

shifted from utilization of fuel oil to fuel wood as source of thermal energy. When comparing cost of various energy sources 

then, electricity from national grid and from standby generators are the  main determinants of cost intensity achieved since 

cost per unit of energy from these sources was high compared to thermal sources of energy.  
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 Figure 2  below shows the average cost breakdown by each source where fuel wood, electricity, diesel and fuel oil  accounts 

for 37.84 %, 51.34 %, 3.95 % and 6.86 % respectively. 

 
Figure 2: Share of energy cost by source 

From earlier analysis (Figure 1) electricity accounted for 6.78 % of the total energy requirement for tea processing but its’ 

share of the energy bill was 51.34 % of the overall energy cost (Figure 2)  since it was the most expensive source of energy 

(Table 3). Therefore, reduction in share of electricity energy can result to a major drop in production cost of a tea factory. 

 

3.4 Energy intensity 

Figure 3 show 5-year’s annual energy intensity trend for the period 

 

 

Figure 3: Annual energy intensity trends 

From Figure 3 energy intensities vary annually and from factory to another although the factories are located within the same 

geographical area.  
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3.4.1 Monthly energy intensity trend 

Figure 4 shows the average monthly energy intensities trends for the period. 

 

 
 

Figure 4 : Average monthly energy intensity trend 

Energy intensity varies monthly and from factory to another (Figure 4). They start increasing from January up to July and 

then decrease up to September before increasing again up to November and then decrease in December. 

3.4.2 Specific energy ratio seasonal Variations 

 

 Figure 5 shows the monthly fuel wood and electricity specific energy ratio trend analysis over the 5 years period. 

 

 
 

Figure 5: Monthly specific energy ratio trends 

The trend show that during low crop season of July upto September of every year energy ratios are high, with  electricity 

energy ratio having the highest peak compared to fuel wood over the same period. Tea production being weather dependent, 
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during low crop season the green leaves received for processing have no surface water, implying low thermal energy is 

demanded especially in the month of August and September. Hence high electricty ratio during low crop season compared to 

fuel wood ratio because of the fixed electricity load  independent of production levels. 

Therefore the objective of this study was to establish the cause(s) of these intensity variations as seen in Figure 3, Figure 4 

and Figure 5 above. 

4.0 Factors causing energy indicators variations 

4.1 Production volume 

Figure  6 shows  the  variation between production volume and energy intensities for the period. 

 

 

Figure 6: Variation of energy intensity with production volume  

Energy intensities vary with production volume and not constant throughout the year (Figure 6). When production was high 

energy intensities were low. 

4.2 Climatic factors 

Figure 7 show data analysis for ambient temparature, relative humidity (source;RETScreen data base) for area of study and 

monthly energy intensity that was done to study the relatioship. From that analysis energy intensities varied with change of 

relative humidity and ambient air temparature. High relative humidity resulted to high energy  intensities.  

 

 

Figure 7: Variation of monthly energy intensity with ambient condition(s) 
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4.3 Diesel consumed by standby generators  
 Data analysis for 5-years on average  share of energy from standby generator (Figure 8) and specific electricity ratio show 

that diesel was cosumed every month. 

 

 
Figure 8: Variation of specific electricity ratio with standby generator diesel consumption  

Figure 8 show high share of energy from diesel results to higher specific electricity ratio. Over that period diesel 

consumption accounted for 0.82% of the factory energy requirements (Figure 1) and 3.95 % of the energy bill ( Figure 2). 

Power interupption(s) affect the overall efficiency of the factory due to production interupptions, prolongs processing hours 

and eventually affecting the overall energy indicators. 

4.4 Energy source cost 

Figure 9 shows fuel oil utilization and price trend for the period.  

 

Figure 9: Variation of fuel oil consumption with cost  

Fuel oil cost per litre increased from USD 0.46 to USD 0.83 within 5 years period which was an increase of over 80.4 %. 

Also from the analysis as price of HFO increased, consumption of fuel oil decreased from an average of 6.59 % to 1.21% 

over the period (Appendix 1) and in some months there was no consumption of fuel oil among these factories (Figure 9) 

mainly due to its high cost(Table3). Similar analysis for the period show fuel wood consumption and cost per cubic metre of 

fuel wood increased by 5.39 % and 7.18 % respectively. The increase in cost can be explained by the law of supply and 

demand since factories shifted from fuel oil utilization which was 6.24 times more expensive to a cheaper fuel wood as an 

alternative (Table 3). Fuel wood consumption accounted for about 90 % of the energy requirements which means it had a 

major impact on the energy intensities achieved. This shows cost was a major factor considered when determining the source 

of energy to use whenever a cheaper alternative exists. Therefore consumption of fuel oil which was expensive results to 

increased cost intensity. 
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4.5 Operation factors  

Withering section energy utilization records for year 2011 to 2012 was analysed for 3-factories [F2, F3 and F4] for different 

days were sampled to study the relationship. From the analysis, it was evident that when no steam was utilized for 

conditioning air for withering green leaves at a loading density range of 2.04 to 2.5 kg/ft
2
, the specific electricity ratio ranged 

from 0.62 kWh/kg MT to 0.93 kWh/kg MT but when steam was utilized at a loading density range of 2.14 kg/ft
2 

to 2.5 kg/ft
2 

the specific of electricity ratio ranged from 0.32 to 0.49 kWh/kg made tea. Therefore, production decisions affect energy 

indicators.  

 Figure 10 show air flow rates for withering fans and electricity specific ratio that was analysed for all the 9-factories  

 

 
Figure10: Variation of airflow rates with specific electricity ratio 

The analysis (Figure 10) show electricity ratio was affected by airflow rates used in withering green leaves during tea 

processing because factories with high airflow rates had high electricity ratio. Studies shows an average airflow rate of 20 ft
3
 

per minute per kg green leaves was the optimum in Sri Lanka which was achieved by adjusting pitch angles of the withering 

fans where power savings of 12 % to 32 % was achieved at a loading density of 2.5 kg/ft
2
 of green leaves. Another study on 

the same at loading rate of 2.5 kg/ft
2
 and airflow rates of 24 ft

3 
per minute per kg green leaves resulted to electricity specific 

consumption for withering of 0.24 kWh per kg MT [18]. Therefore loading density, airflow rates and steam application 

duration during withering process affects specific energy ratio. Low airflow rates and no steam utilization prolongs withering 

time and loading below optimum results to high specific electricity ratio leading to high cost intensities. Therefore, operating 

procedures and practices employed determine the energy consumed [7]. 

 

4.6 Overall Equipment Effectiveness (OEE)  

Figure 11 shows overall equipment effectiveness and energy indicators relationship over the period for the 9- factories was 

carried out. 

 
Figure 11: Variation of specific energy ratios with OEE 
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Figure 11 shows low OEE results to high energy intensities. The low OEE prolongs production time resulting to lower 

production rates. The prolonged processing time and low production rate affects electricity consumption which was 

expensive (Table3). The average OEE index for the 9- tea factories averaged 62.6 % compared to world class OEE index of 

85 % [21] and low OEE leads to high energy use [8]. Therefore, low OEE results to higher cost intensities meaning tea 

factories should improve on OEE to reduce energy cost intensity by matching or sizing production lines to improve 

production rate and adopting good maintenance practices to reduce on downtime.   

4.7 Conversion factor  

Figure 12 shows the variation between conversion factor and specific energy ratios which vary from factory to factory. 

 
Figure 6: Variation of specific ratio with conversion factor  

The analysis show low conversion factor results to low specific electricity ratio and high fuel wood ratio (Figure 12). 

Analysis carried out on monthly basis indicated that when the weather was dry conversion factor was better and during dry 

season green leaves have less moisture content hence steam consumption lower over that period meaning less fuel wood 

utilization to generate steam. Conversion factor affects overall energy intensity when it was high, energy intensities were low 

translating to low cost intensity. 

4.8 Firewood storage capacity, type and stocks levels 

Figure 13 shows fuel wood storage capacity relationship with average specific fuel wood ratio and energy intensity.  

 
Figure 7: Variation of specific fuel wood ratio and energy intensity with fuel wood storage capacity  

Tea factories with the least storage capacity had high energy intensities (Figure 13). Inadequate storage compromises fuel 

wood quality especially during wet weather which eventually affects specific fuel wood ratio. Studies have shown for fuel 

wood to be properly cured it must be stored for at least six months [14] in an enclosed and well aerated place. Also all 

factories 5- years  monthly fuel wood stock levels analysis carried out against specific fuel wood ratio show that during low 
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crop season, fuel wood stocks were high, meaning well cured fuel wood was available for consumption hence better fuel 

wood ratio were recorded over that period. When production increased, which happens to correspond to wet season, volume 

of fuel wood consumed increased to match steam load demand and the available fuel wood stocks decreased meaning 

consumption of not well cured fuel wood resulting to low specific fuel wood ratio over that period. 

Further one factory F3 data from July 2013 up to July 2014 was analyzed to establish the effect type of fuel wood on energy 

intensity (Figure 14). 

 
Figure 8: Comparison between fuel wood types on specific fuel wood ratio 

The analysis show type of fuel wood consumed affects specific fuel wood ratio. When more softwood was consumed the 

specific fuel wood ratio decreased and increased when the ratio of hardwood was increased (Figure 14) confirming that 

different tree types have different energy content which affects the overall energy intensity achieved by the factory. 

Therefore factories that consume more of hardwood achieve better specific fuel wood ratio and energy intensity. 

 

Figure 15 shows the variation of energy intensity with fuel wood deficit. 

 

 
 

Figure 9: Variation of energy intensity with fuel wood deficit 

Five factories F2, F3, F5, F6 and F9 were sampled and optimum fuel wood stocks to last for six months was estimated based 

on their consumption levels and compared with the actual stocks available to give the variance. The analysis show as fuel 

wood stock levels decreased, fuel wood ratio decreased and energy intensity increased (Figure 15). The analysis also show 
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fuel wood deficit of 10.15 % on average indicating fuel wood stocks were not having adequate duration in the sheds to cure. 

As expected factories with high fuel wood deficit had high energy intensities. 

Conclusion 

Energy indicators vary from one tea factory to another and from month to another. Energy indicator in tea factories depends 

on production levels, capacity utilization, environmental factors, energy source cost, type and mode of storage of fuel wood 

as well as stock levels of fuel wood and operation decisions. Energy indicators variations show potential exists for energy 

cost reduction for tea factories in Kenya through energy conservation and energy management. The study findings offer 

guidance on the areas to focus on when carrying out energy audits, implementing energy efficiency programmes and 

monitoring energy performance by bench marking with the best energy indicator(s) achieved by any tea factory. 
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Appendix 1: Average annual energy data 

Table - 1: YEAR 2009/10 

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9 

Annual MT ('000 tons) 4.27 4.35 3.84 3.62 3.46 3.00 2.42 2.74 3.25 

Total energy(TJ) 148.34 160.18 115.52 138.54 106.62 99.54 81.91 77.11 132.35 

Electricity energy (%) 6.16 6.32 7.02 6.37 7.78 14.06 6.30 6.61 5.68 
Diesel energy (%) 0.93 1.53 1.39 0.91 0.95 0.76 0.79 0.76 1.00 

Fuel wood energy (%) 75.25 82.83 91.59 83.80 88.18 85.18 91.62 92.63 84.25 

Furnace oil energy (%) 17.66 9.32 0.00 8.92 3.08 0.00 1.29 0.00 9.08 
Energy intensity( MJ/KG MT) 34.76 36.84 30.08 38.28 30.84 33.18 33.84 28.17 40.76 

Energy cost ('000USD) 731.84 733.85 451.93 622.21 462.89 357.48 300.96 274.23 574.76 
Cost intensity(USD/TON MT) 171.47 168.79 117.68 171.93 133.92 119.17 124.35 100.21 177.03 

Electricity Ratio (KWH/ ton MT) 684.22 803.06 702.92 773.92 748.45 1365.75 666.49 577.18 756.05 

F.W ratio (Tons MT/TON F. Wood) 0.384 0.391 0.524 0.376 0.498 0.510 0.453 0.553 0.350 

 

Table - 2: YEAR 2010/11 

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9 
Annual MT ('000 tons)  4.07 3.82 3.41 3.85 3.08 2.68 2.29 2.58 2.70 

Total energy(TJ) 132.68 126.70 107.77 129.08 97.33 81.76 74.36 76.32 96.11 

Electricity energy (%) 6.62 7.44 7.66 6.92 7.69 8.74 6.24 6.58 5.63 
Diesel energy (%) 0.93 0.92 1.21 0.62 0.61 0.78 0.74 0.71 0.52 

Fuel wood energy (%) 82.56 87.63 91.14 84.68 88.58 90.47 91.84 92.71 91.66 

Furnace oil energy (%) 9.89 4.00 0.00 7.77 3.11 0.00 1.18 0.00 2.19 

Energy intensity( MJ/KG MT) 32.6 33.18 31.63 33.53 31.6 30.52 32.5 29.57 35.57 

Energy cost ('000USD) 785.66 681.93 605.20 760.27 612.55 481.93 383.44 387.25 431.57 

Cost intensity (USD/TON MT) 193.06 178.58 177.61 197.47 198.9 179.89 167.56 150.07 159.72 

Electricity Ratio (KWH/ ton MT) 683.37 770.76 778.62 702.48 729.15 807.54 629.53 599.14 607.65 
F.W ratio (Tons MT/TON F. Wood) 0.439 0.457 0.5 0.434 0.484 0.522 0.472 0.526 0.424 

Table - 3: YEAR 2011/12 

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9 
Annual MT ('000 tons)  3.47 3.45 3.31 3.47 3.15 2.91 2.60 3.09 3.14 

Total energy(TJ) 122.52 120.69 119.09 163.50 112.52 93.15 81.79 102.72 122.55 

Electricity energy (%) 5.92 6.37 6.47 5.40 7.16 7.04 6.52 5.87 5.67 

Diesel energy (%) 0.86 1.25 0.87 0.52 0.57 0.38 0.63 0.60 0.85 

Fuel wood energy (%) 86.73 92.37 92.66 90.65 89.33 92.16 91.57 93.52 89.51 

Furnace oil energy (%) 6.49 0.00 0.00 3.43 2.94 0.43 1.28 0.00 3.97 

Energy intensity( MJ/KG MT) 35.29 34.95 36 47.18 35.7 32.02 31.41 33.24 39.00 
Energy cost ('000USD) 830.52 647.02 726.80 952.82 798.64 564.84 505.76 555.40 762.54 

Cost intensity (USD/TON MT) 239.19 187.37 219.7 274.94 253.41 194.2 194.23 179.74 242.66 
Electricity Ratio (KWH/ ton MT) 664.57 740.34 733.89 776.31 766.53 659.6 623.33 597.89 706.21 

F.W ratio (Tons MT/TON F. Wood) 0.414 0.447 0.432 0.315 0.426 0.485 0.489 0.464 0.382 
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Table - 4: YEAR 2012/13 

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9 

Annual MT ('000 tons) 4.09 3.94 3.91 4.16 3.62 3.33 2.76 3.59 3.61 
Total energy(TJ) 151.30 170.78 137.31 171.03 120.76 117.73 93.46 119.49 128.25 

Electricity energy (%) 4.57 4.13 6.29 5.40 6.75 6.39 6.13 5.62 6.12 

Diesel energy (%) 1.37 1.29 0.76 0.42 0.65 0.14 0.32 0.52 0.92 
Fuel wood energy (%) 94.02 94.57 92.95 89.93 92.60 93.47 93.48 93.85 87.17 

Furnace oil energy (%) 0.05 0.00 0.00 4.25 0.00 0.00 0.07 0.00 5.79 

Energy intensity( MJ/KG MT) 36.98 43.39 35.09 41.12 33.39 35.31 33.82 33.25 35.54 

Energy cost ('000USD) 760.90 837.26 735.60 1010.39 707.71 586.94 523.71 628.72 859.46 
Cost intensity (USD/TON MT) 185.98 212.75 187.98 242.93 195.68 176.03 189.52 174.92 238.14 

Electricity Ratio (KWH/ ton MT) 606.57 650.27 685.44 663.6 684.82 640.07 605.03 566.47 692.49 

F.W (Tons MT/TON F. Wood) 0.415 0.352 0.442 0.359 0.467 0.437 0.456 0.462 0.415 

Table - 5: YEAR 2013/14 

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9 

Annual MT ('000 tons)  4.79 4.43 4.32 4.79 3.85 3.51 3.05 3.44 3.32 

Total energy(TJ) 169.43 165.1 139.46 159.80 124.94 124.23 93.71 130.46 120.51 

Electricity energy (%) 5.07 5.22 6.84 6.46 7.40 5.59 7.42 5.36 5.96 

Diesel energy (%) 0.97 1.05 1.15 0.65 0.98 0.24 0.68 0.44 0.68 

Fuel wood energy (%) 93.92 93.73 92.01 88.34 91.62 94.17 91.83 94.21 87.19 
Furnace oil energy (%) 0.04 0.00 0.00 4.55 0.00 0.00 0.07 0.00 6.17 

Energy intensity( MJ/KG MT) 35.37 37.28 32.26 33.33 32.43 35.39 30.75 37.9 36.33 

Energy cost ('000USD) 893.37 923.47 947.47 924.90 865.99 670.14 638.94 672.39 682.94 
Cost intensity (USD/TON MT) 186.49 208.51 219.15 192.89 224.74 190.89 209.68 195.35 205.86 

Electricity Ratio (KWH/ ton MT) 593.21 648.75 715.83 658.52 754.89 573.14 691.77 609.9 670.04 
F.W(Tons MT/TON F. Wood) 0.434 0.413 0.486 0.447 0.486 0.433 0.51 0.404 0.403 

 

 


