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 The planting date experiment at Patancheru (Table 3) 
clearly showed that in early-maturity pigeonpea group, 
seed production of female parent and hybrid is possible at 
a single location. In this system the hybrid seed produc-
tion plot must be sown in early rainy season (June); it 
will flower in about 60 days and all the flowers will be 
male-sterile. The cross-pollinated pods that would set on 
these plants can be harvested in another 40–45 days. 
However, for optimizing yields suitable agronomy pack-
ages need to be developed. The multiplication of female 
parent can be taken up in another isolation in September; 
the flowers produced on this crop will be fertile and a 
good harvest of female parent can be taken without the 
use of pollinating insects. 
 In crops where environment-sensitive gene(s) control-
ling male-sterility/fertility have been identified, the role 
of photo-period, temperature and their interaction is not 
well-defined. Future research on pigeonpea should now 
be concentrated on the issues such as identification of 
threshold temperature and photo-period at a given loca-
tion that would control the function of fertility restoring 
system. Attempt should also be made to understand the 
molecular basis of sex reversion under different environ-
ments. Finally, it will be important to identify genes/ 
quantitative trait loci responsible for controlling this trait 
that will facilitate quick transfer of these genes into het-
erotic hybrid parents.  
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Chorabari Glacier (6.6 sq. km) in the Mandakini 
River basin, a tributary of the River Alaknanda, Cen-
tral Himalaya, Garhwal (India) has been monitored in 
terms of its length and frontal area (snout) changes 
for the period between 1962 and 2012. Global Posi-
tioning System, Survey of India toposheet (1 : 50,000) 
and ground-based measurements were used to obtain 
the changes in morphology and size of the glacier. The 
result shows that the frontal area of the glacier has 
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shrunk by 1% and 344  24 m length loss, with an  
average rate of 6.8  0.5 m a–1 from 1962 to 2012. The 
observed terminus records of Chorabari Glacier indi-
cate that the positive mass balance can cause terminus 
advance in about a 17-year timescale. The lag time of 
glacier signal transferred from accumulation area to 
the snout by glacier flow is about 562 years. These  
observations as well as other studies carried out in the 
region show a significant reduction in glacier area. 
The increased retreat rate of the glacier snout is 
probably a direct consequence of global warming. 
 
Keywords: Frontal areas, glacier change, mass balance, 
response time, snout retreat. 
 
MOST widely reported mountain glaciers are currently 
experiencing a period of recession, a trend that began in 
the mid-19th century with the end of the Little Ice Age1,2. 
The rate of recession continued through the 20th century 
and has accelerated over the past three decades2–4. There 
is clear evidence that the retreat of glaciers in many loca-
tions of the world has accelerated in recent decades4,5. 
However, glacier systems of the Himalaya have not re-
sponded uniformly to recent climate warming; some gla-
ciers of western Karakoram Himalaya are advancing6,7, 
while some glaciers of central and eastern Himalayas are 
retreating2,8. 
 The Himalayan Mountain Range contains thousands of 
glaciers of widely varying properties, which are spread 
over nearly 37,000 sq. km and over a 2400 km east-west 
range9. This large geographical extent and complex topo-
graphy along with the variable climatic conditions across 
the Himalayas has resulted in various sets of glacier pro-
perties. The primary climatic factor from west to east is 
that of a decreasing influence by the mid-latitude wester-
lies and an increasing influence by the Indian summer 
monsoon (ISM)10. Thus, the distribution of glaciers in the 
Himalaya is uneven, with a higher concentration of gla-
ciers in the NW than in the NE of the mountain range. 
Glaciers located in the Central Himalaya are influenced 
both by the westerlies as well as ISM11. In general, ~70% 
of the ablation zone of the glaciers is covered by debris 
with thickness ranging from millimetres to tens of centi-
metres1,9,12. Due to the thick debris cover and with a low 
gradient of the termini, many glaciers typically have a 
stable front position. As a consequence of this complex 
climate system, glacial geometry and properties, and the 
geology, the recession rates of the glaciers are variable12.  
 During the last few decades, the long-term monitoring 
of snout position and mass balance measurements have 
been carried out in several glaciers in different parts of 
the Indian Himalaya2,13–15. The studies suggest that most 
of the glaciers are retreating between 5 and 20 m a–1, with 
negative mass balance varying from 0.2 to 1.2 m a–1 water 
equivalent13,14,16. With such considerations and realizing 
of the potential significance of the glaciers and their  
recession process, in situ measurements of snout positions, 

surface area changes and meteorological observations 
were carried out to quantify the total changes in the 
Chorabari Glacier, Central Himalaya, Garhwal, during 
the period 1962–2012. 
 The Chorabari Glacier (304620.58N, 79259.381E) 
is a medium-sized compound valley-type glacier covering 
an area of ~6.6 sq. km. It is located in the Mandakini 
River basin of the Alaknanda catchment (a tributary of 
the Ganga), Central Himalaya, Garhwal, India (Figure 1). 
The Chorabari Glacier has its accumulation area below 
Bhart Khunta peak (6578 m amsl) and Kedarnath peak 
(6940 m amsl) and flows from north to south between 
6400 and 3895 m amsl, with an average surface slope of 
20 (Figure 1). The accumulation area is comparatively 
small, steep and formed by three tributary glaciers, 
whereas the ablation area is broad with gentle slope and 
covered by thick debris. A number of longitudinal and 
transverse crevasses are prominent in the upper ablation 
zone and several small, supra-glacial lakes (ponds) are 
present in the glacier surface in the lower ablation zone. 
Debris thickness increases along the glacier, and is 
greater than >50 cm at the terminus (Figure 2). A second 
glacier (Companion) flows parallel to Chorabari. The 
traces of medial moraines (Figure 2) suggest that reces-
sion has separated the two glaciers. The extension of 
these lateral moraines is observed 6 km downstream at 
Rambara town (2800 m amsl). There appear to have been 
four stages of recession where traces of the lateral  
moraines are well preserved throughout the valley17. 
These glacier stages are Rambara Glacial Stage (RGS; 
13  2 ka), Ghindurpani Glacial Stage (GhGS; 9  1 ka), 
Garuriya Glacial Stage (GGS; 7  1 ka) and Kedarnath 
Glacial Stage (KGS; 5  1 ka)17. During the 16 and 17 
June 2013, very heavy rains together with breaching  
of moraine dammed Chorabari lake triggered flash floods 
that washed away all the glacial deposits in the down  
valley18. In summary, the characteristic features of this 
glacier are a south-facing, wide and broad terminus with 
thick debris covers. Some of the salient features of the 
glacier are given in Table 1. 
 The glaciers of the Himalayan region are not well 
documented because of inaccessibility of the area and 
poor meteorological and hydrological data. The monitor-
ing of the Chorabari Glacier began in 2003. A manned 
meteorological observatory (3820 m amsl) was installed 
to monitor air temperature, wind speed and precipitation 
during the study period. The automatic weather station 
(AWS) (Campbell Instrument) was installed in 2007, near 
the snout of the glacier at an altitude of 3820 m amsl. 
 The general climate of the study area is humid–
temperate in summer and dry–cold in winter19. The daily 
mean air temperature was observed near the snout of 
Chorabari Glacier at the height of 3820 m amsl for differ-
ent seasons of 2007–2012. The average daily air tempera-
ture ranged from –13.46C to 11.56C, whereas the 
maximum and minimum air temperatures ranged from 
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Figure 1. Location map of the study area. The shaded portion indicates the boundary of the 
Chorabari and other glaciers in the catchment area. (Source: Based on Survey of India toposheet 
1962.) 

 
 

 
 

Figure 2. Ground view of Chorabari and neighbouring glaciers that shows the past lateral extension and glaciation activities in the valley. 
 
 
–9.39C to 16.72C and –19.5C to 9.77C respectively, 
between 2007 and 2012. During the study period the an-
nual mean air temperature was ~3C and average summer 
temperature (JJAS) was ~8.7C. The maximum annual air 
temperature recorded was 16.7C in June 2012 and the 

minimum recorded was –19.5C in February 2012. As 
usual, sudden drop in air temperatures was observed dur-
ing rainfall and snowfall events in the study area.  
 Summer precipitation is highly influenced by the mon-
soon and average rainfall recorded between 2007 and 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 107, NO. 2, 25 JULY 2014 284 

 
 

Figure 3. Temporal variation in daily precipitation (bar for left axis) and daily mean air temperature at Chorabari Glacier 
(3820 m amsl) during the summer (JJAS) period between 2007 and 2013.  

 
 
Table 1. Salient features and geomorphological parameters of the  
  Chorabari Glacier  

Parameter    Chorabari Glacier 
 

Coordinates 304620.58N, 79259.381E 
Surface area (sq. km) 
 1962 ~7.37 
 2012 ~6.66  
Length (km) ~7.5 (2012) 
Orientation S 
Elevation extension 3900–6420 
 (m amsl) 
Average surface slope 20 
 (degree) 
Mean width (km) 0.43 
General climate Humid–temperate in summer  
   and dry–cold in winter 
Average annual  3.39C (2007–2010) 
 temperature at Maximum (+) 16.72C (June 2012) 
 3820 m amsl Minimum (–) 19.5C (10 February 2012) 
Geology (rock type) Crystalline rocks, mainly  
   augen and granitic gneisses 

 
 
2012 was 1309 mm (June–October). Winter precipitation 
generally occurs between December and March when the 
westerlies are dominant in the area as they move eastward 
over northern India, and is the main source of snow  
accumulation. There are no instrumental data available 
for winter snowfall; however, residual snow depth fluctu-
ated between 25 and 50 cm in April and early May at 
4000 m amsl during the study period from 2003 to 2010 
(ref. 20); snow normally melts before the commencement 
of the monsoon in mid-June. The average wind speed at 
AWS was 2.4 m s–1 and average daily sunshine duration 
was 190 min between 2007 and 2012. Summer (JJAS) 
daily means of the measured temperature and precipita-
tion are shown in Figure 3. 
 The earliest record of Chorabari Glacier is available in 
the Survey of India topographic map (October 1962 edi-
tion) of 1 : 50,000 scale. In addition, the terminus (snout) 

position was marked and the glacier was photographed in 
1990 (ref. 20) and by remote sensing satellite images. 
The Chorabari Glacier is often heavily covered with  
supraglacial debris, making it difficult to study with  
remotely sensed images. Changes in the snout position 
were measured during the field seasons of 2003–2012 
with handheld GPS (vertical accuracy (z) is  5 m and 
horizontal accuracy (x, y) is  3 m), survey-grade total 
station measurements and field photographs. These data 
made it possible to identify the active ice margin of the 
debris-covered glacier, which was difficult to identify  
in satellite imagery. We have used Survey of India  
toposheet 1 : 50,000 scale with 40 m contour interval 
(planimetric accuracy  12.5 m and elevation accuracy 
 6.5 m)21, Landsat ETM+ (1990; resolution 30 m) and 
ASTER (2007; resolution 15 m) images to map the gla-
cier outline (Figure 4). The techniques and interpretation 
methodology follow those of Bhambri et al.8, Kulkarni et 
al.22 and Paul et al.23. The glacier outline and frontal 
margin were measured by GPS and the annual position 
map of the glacier snout was prepared. Moreover, the 
glacier outline was verified by GPS survey on the side 
and frontal margins of the glacier and the annual position 
map of glacier snout was prepared. The area vacated by 
the glacier due to recession was estimated by superimpos-
ing an earlier survey map (1962) within a Geographical 
Information System (GIS). The methodology for monitor-
ing the glacier snout positions and frontal area vacated 
was based on well-established techniques13,15,24,25. Since 
2003, the snout position and frontal area loss have been 
monitored by field survey. Three permanent reference 
stations were fixed near the frontal area of the glacier 
snout on stable ground (Figure 5). The geographical posi-
tion of each reference station was determined by GPS and 
values obtained were transferred to the map. With the 
help of these fixed stable stations, the snout of Chorabari 
Glacier was mapped by GPS (fixed date measurements). 
To reduce the uncertainty and consistency of the changes 
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Figure 4. A successive recession trend showing the glacier boundary of Chorabari Glacier: a, Landsat ETM+ (1990; resolution 
30 m); b, ASTER (2007; resolution 15 m) images to map the glacier outline. 

 
 
in snout position, it is important to survey the glacier 
snout every year precisely as the retreat of the snout is 
not uniform. Accordingly, several point measurements 
were taken all around the terminus area as well as the 
centre and both sides of the glacier.  
 The error estimation for glacier length calculation was 
made from the total retreat from left, right and central 
parts of the snout. The total error () was estimated as the 
root sum square of each error term. The error for glacier 
area was estimated by multiplication of uncertainty of 
length with glacial width. 
 It is essential to examine the terminus history of the 
glacier to calculate response time (Tm) and time lag (Tl) 
of the glacier. We use the following equations26–29 to cal-
culate Tm and Tl for the Chorabari Glacier 
 
 Tm = ht/–bt, (1) 
 
 Tl = fL/ut, (2) 
 
where L is the glacier length; ut the velocity of the glacier 
at the terminus, ht the thickness of the glacier at the ter-
minus and bt is the net annual balance at the terminus. 
The component f is a valley shape factor, which is the  
ratio between thickness changes at the terminus and 
thickness changes at the glacier head27,28. Equation (1) 
was proposed by Jóhannesson et al.27 for the response 
times of 10 to 100 years and eq. (2) was proposed by 
Nye26 for lag time or longer response times (100 to 1000 
years). The changes in ice thickness will yield a value of 
f = 1; f = 0.5 corresponds to a linear decrease of thickness 
change from a maximum at the terminus to zero at the 

head. The point mass balance data of Chorabari Glacier 
between 2003 and 2010 shows that the average ratio of 
thickness change between terminus and head of the gla-
cier is ~0.28 (ref. 20). Here, we applied f = 0.28 ≈ 0.3 to 
determine the time lag (Tl) of Chorabari Glacier. Equa-
tion (2) is sensitive to terminus velocity, which is often 
spatially inconsistent27. 
 The snout retreat of the Chorabari Glacier was mea-
sured. The Recession of the Chorabari Glacier between 
1962 and 1990 was estimated to be 180  8.5 m between 
1962 and 1990 and 82  6 m between 1990 and 2003 (ref. 
20). Field measurements carried out from 2003 to 2012 
show that the glacier had retreated 82  9.2 m (Table 2). 
Based on the recession data, the annual retreat trends can 
be grouped into three time-intervals: (i) from 1962 to 
1990 where the rate is estimated to be of the order of 
6  0.3 m a–1; (ii) between 1990 and 2003 the calculated 
retreat rate is 6  0.5 m a–1 (ref. 20); (iii) field measure-
ment between 2003 and 2012, when the retreat rate is cal-
culated to be 9  1 m a–1 (Table 2). Thus it reveals that 
the present rate of retreat has increased slightly compared 
to previous periods (Figure 5 and Table 2). The cumula-
tive reduction of 344  24 m glacier length reveals that 
the Chorabari Glacier has lost ~4% of its total length dur-
ing the last 50 years (1962 to 2012). The present snout 
position of the Chorabari Glacier is located at an altitude 
of 3895 m. During our observations, no advancement was 
recorded and the glacier showed a continuous recession 
trend (Figure 5).  
 The area vacated by the glacier in its pro-glacial region 
has been computed by comparing the historical maps with 
the present field measurements. The total frontal area 
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Figure 5. Surface morphological map of Chorabari Glacier along with stable survey marker (left) and snout retreat posi-
tions (right) during the period between 1962 and 2012.  

 
 
Table 2. Snout recession of Chorabari Glacier during the period 
1962–2012. Error () comes from the total retreat from left, right and  
  central parts of the snout  

   Average 
Period No. of years Recession (m) recession (m a–1) 
 

1962–1990 28 180  8.5 6  0.3 
1990–2003 13 82  6 6  0.5 
2003–2012  9 82  9.2 9  1 
 
Total 50 344  24 6.8  0.5 

 
 
Table 3. Total frontal area vacated by the Chorabari Glacier (1962–
2012). The glacier lost ~1% frontal area between 1962 and 2012 
  (50 years) 

  Frontal area Annual 
Period Years vacated (m2) average (m2 a–1) 
 

1962–2003 41 58,490  3430 1427  84 
2003–2007  4 10,190  1949  2548  487 
2007–2012  5  9,049  1058  3016  353 
 
Total loss 50 77,729  6437  1555  129 

 
 
vacated by the glacier for the period between 1962 and 
2012 was ~ 77,729  6437 m2 with an average rate of 
1555  129 m2 a–1, which is approximately 1% of the to-
tal loss. During the period between 1962 and 2003, the 
glacier lost 58,490  3430 m2 of its frontal area with an 
average of 1427  84 m2 a–1 (ref. 19), while between 2003 
and 2012 glacier recession increased and it lost 

19,239  3007 m2 of its frontal area, with an average of 
2138  334 m2 a–1 (Table 3).  
 On the basis of these above-mentioned equations, we 
calculate Tm of the Chorabari Glacier; it is essential to 
examine the terminus history of the glacier. The terminus 
history of the 7.5 km long Chorabari Glacier has been  
determined for the period 1962 to 2012. It exhibits two 
distinct patterns: (i) slow retreat from 1962 to 1990, and 
(ii) slightly accelerated retreat from 1990 to 2012. The 
glacier showed continuous retreat and no advancement 
has been reported since 1962. During the periods between 
2003 and 2010 (7 years), mass balance was calculated  
by Dobhal et al.19. The average net specific balance was  
–0.73 m water equivalent and average ablation at the ter-
minus was –3.6 m (ref. 19). The average thickness of the 
glacier was ~62 m in the ablation zone and 10 slope at 
the terminus. Average velocity of the Chorabari Glacier 
at the terminus was ~4 m a–1 during the study period19. 
 The observed terminus records of Chorabari Glacier 
indicate that the positive mass balance can cause terminus 
advance in about a 17-year timescale. This is in rough 
agreement with the theory of Jóhannesson et al.27, that 
suggest positive timescale between 10 and 100 years (eq. 
1). The lag time of glacier signal transferred from accu-
mulation area to the snout by glacier flow is about 562 
years for the Chorabari Glacier. This time lag or response 
time comes from eq. (2) proposed by Nye26 which pro-
duced longer response time or lag time of 100–1000 
years.  
 The glacier surface change measured for more than 80 
glaciers in Central western Himalaya suggested that most 
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of them are retreating since the end of the 19th century30. 
Bhambri et al.30 studied 82 glaciers in Alaknanda and 
Bhagirathi River basins in Central Himalaya using remote 
sensing data and archival records for the period 1968–
2006, which showed 4.2% reduction in the glacierized 
area. The study also showed around 6% reduction associ-
ated with Alaknanda basin, and for 3% Bhagirathi basin. 
Similar observations were made in Chenab, Parbati and 
Baspa basins (466 glaciers) which showed overall 21% 
deglaciation from 1962 to 2001 (ref. 31). Satellite-based 
studies carried out on Millam Glacier in Goriganga basin 
between 1954 and 2006, showed that the glacier receded 
1328 m with an average of ~25 m a–1 (ref. 32).  
 The scientific understanding of the glaciers of the  
Himalaya has been slow due to the complex topography 
and related lack of systematic or long-term field meas-
urements though several studies have been done by remote 
sensing satellites. In situ measurements were made in the 
Dokriani Glacier (7 sq. km) in Garhwal Himalaya during 
1962–2007, indicating the frontal area loss by the glacier 
to be ~0.2% (0.014 sq. km)33. It is further observed that 
during this period the snout retreated by ~680 m with an 
average rate of ~15 m a–1. Regular monitoring of snout 
position of Dokriani Glacier was carried out annually on 
fixed datum (in October) for the period 1991–2007, 
which indicates fluctuation of the snout position ranging 
from ~17.8 m a–1 during 1991–2000 to 16.6 m a–1 during 
2001–2007 (ref. 33). Similar observation has been re-
ported from Tipra Glacier in Garhwal Himalaya during 
the period between 1962 and 2008. The study showed 
that the Tipra Glacier receded by ~663 m with an average 
of ~14 m a–1 and ~4% of frontal area was lost by the gla-
cier during the same period15.  
 The above observations corroborate well with the study 
carried out in the Chorabari Glacier, where 262  14.5 m 
recession (6.4  0.4 m a–1) during the period 1962–2003 
and 82  9.2 m (9.1  1 m a–1) in 2003–2012 was obser-
ved. The total 344  24 m cumulative reduction of glacier 
length suggests that the Chorabari Glacier has lost ~4% 
(0.08% a–1) of its total length during the last four dec-
ades. Overall, the glacier lost ~77,729  6,437 m2 of the 
frontal area between 1962 and 2012, which is ~1% of the 
total glacier area. However, terminus records of Chora-
bari Glacier indicate that the positive mass balance can 
cause terminus advance in about a 17-year timescale. The 
lag time (Tl) of the glacier signal transferred from accu-
mulation area to the snout by glacier flow is about 562 
years. In comparison with the other glaciers of Central 
western Himalaya, the Chorabari Glacier is receding at a 
very slow rate, which may be attributed to the local  
factors controlling the behaviour of these glaciers. These 
include differences in local climatic history and/or differ-
ences in intrinsic sensitivity of the glacier to climate 
change as a result of differences in geometry, bedrock 
slope, orientation, elevation, rate of mass turnover and 
thickness of the debris of the glacier. The Chorabari Gla-

cier has thick debris-covered ablation area, with debris 
thickness ranging from millimetres to tens of centimetres. 
Debris thickness increases along the glacier, and is 
thicker than >50 cm at the terminus of the glacier.  
Supraglacial debris commonly found on glaciers has sig-
nificant control on the rate of ice ablation34,35. 
 The recent trends of air temperature are varying across 
the region. In central/eastern Himalaya, Shrestha et al.36 
reported increasing temperature trends ranging from 
0.06C a–1 to 0.12C a–1 in most of the regions of the Ne-
pal Himalaya. Bhutiyani et al.37 reported a significant rise 
in air temperature in the north-western Himalaya in the 
last century. An increase in maximum and minimum tem-
peratures by ~1C and ~3.4C respectively, was found 
across the Great Himalayan region during the period  
between 1988 and 2008 (ref. 38). The increase in tem-
perature was accompanied by decreasing trends in pre-
cipitation, and a reduction in total seasonal snowfall38,39. 
In contrast, the Karakoram Range experienced a decreas-
ing trend in maximum and minimum temperatures of 
1.6C and 3.0C respectively38, together with an increase 
in winter precipitation40.  
 The glacier accumulation and ablation patterns are dis-
tinctly different, seasonally and spatially, across the region. 
In the east, the summer season typically includes both 
maximum accumulation and maximum melt (accumula-
tion at the highest elevations with melt below), whereas 
in the west there is a general pattern of summer melt and 
winter accumulation. Glacier termini extend to lower ele-
vations, approximately 2500 m, in the west, compared to 
approximately 3500–4500 m in the east/centre, due pri-
marily to the lower temperatures at the higher latitudes of 
the more western mountain ranges11.  
 The studies carried out during the last century provide 
a link between climate change and glacier retreat41,42. En-
hanced retreating rates have been observed in the eastern 
and central parts of the Himalaya8,15,21,22,43. In the north-
western Himalaya, an expansion and thickening of the 
larger glaciers has been reported, specially in the Kara-
koram since the 1990s, accompanied by an exceptional 
number of glacier surges2,6,44–46. Other studies based on 
multi-sensor remote sensing analysis and gravity data 
from the Gravity Recovery and Climate Experiment 
(GRACE) reported positive mass balance anomalies in 
the Karakoram for the same period46,47.  
 In this study we have presented the results of the fron-
tal area and length loss of the Chorabari Glacier between 
1962 and 2012. The glacier is continuously retreating and 
no advancement has been reported since 1962. The gla-
cier has lost ~1% of its frontal area and ~344 m of its 
length since 1962. Between 1962 and 2003, the glacier 
lost about 262 m length with an average rate of 6 m a–1 and 
lost ~0.055 sq. km area with an average of ~0.0013 km a–1. 
Ground-based measurement shows that the glacier lost 
~82 m length and 0.02 sq. km area, with an average rate 
of 9 m a–1 and 0.002 sq. km a–1 respectively, between 
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2003 and 2012. Terminus records indicate that the posi-
tive mass balance can cause terminus advance in about 
17-year timescale. Lag time of glacier signal transferred 
from accumulation area to snout by glacier flow is about 
562 years. This trend of glacier reduction is similar to 
those observed in Central western Himalaya. The reduc-
tion is not only caused by temperature, but also by pre-
cipitation and terminus dynamics. Moreover, the rate of 
recession of Chorabari Glacier is slow compared to other 
glaciers, which can be explained by the topography and 
the effect of debris thickness.  
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Thermal performance of a  
low-concentration ethanol stove  
without pressure system 
 
Andrianantenaina Marcelin Hajamalala* 
Laboratory of Applied Physics of the University of Fianarantsoa,  
Madagascar 
 
We report here the thermal performance of a new 
burner running on low-concentration ethanol (50GL) 
without pressure system. The experimental method 
based on the water boiling point of water developed 
by Shell Foundation, consists of three phases of test 
used to study the performance of the stove. Test and 
calculation results show that the time to boil 2.5 l of 
water is 19.6 min in cold start and 18.4 min in hot 
start. The specific consumption is 25.55 g/l for the 
boiling task and 29.4 g/l for the simmering task. The 
thermal efficiency calculation of the stove is 55.75% in 
high power and 58.3% in simmer with a turndown ra-
tio of 2.24. The average thermal output of the stove is 
from a high of 1575 W to a low of 694 W. The optimal 
thermal output is 694 W, with a thermal efficiency of 
59%. The results show that the burner can transform 
gradually the low ethanol–water mixture of 50% 
(w/w) to a vapour of ethanol–water mixture concen-
tration of 68.55% (w/w) in cold start, 73.71% (w/w) in 
hot start and 68.47% (w/w) in simmer. Improving the 
nature of the burner components helps improve the 
performance of the stove and also has an impact on its 
lifespan. The performance of the stove depends on the 
variation of the concentration of ethanol fuel during 
the test. The experimental study showed that the stove 
running on 50% v/v ethanol–water mixture is a no 
smoking stove, with no danger of fires. 
 
Keywords: Burner, ethanol stove, thermal efficiency, 
water boiling test. 
 
MALAGASY forest resources have been in a state of  
regression for several decades. The principal causes of 
deforestation are land clearance for agriculture, wild 
fires, fuelwood use for household energy, wood for con-
struction and wood fuel for energy1. Forest cover consti-
tutes less than 25% of the total land area of Madagascar. 
The country has already lost 80% of its natural area, and 
continues to lose an estimated 200,000 ha annually to  
deforestation. If the rate of forest reduction remains at the 
current level, i.e. 0.55% per annum, all of Madagascar’s 
forests will be lost within 40 years2. In this context care-
ful zoning and planning of agricultural encroachment into 
new areas would have to be integrated into a policy aimed 
at expanding sugarcane ethanol production in Madagascar 


