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Abstract. Namdinh is a big agricultural province in Red River delta o f  North Vietnam, vvhere 
were planted three main agricultural Products: rice, com, peanut. By case-study investigation and 
energy anaỉysis, the report put out detail iníormation on biomass energy o f rice stravv, rice husk, 
com stravv, com core, peanut stravv and total biomass energy from agricultural wastes in Namdinh 
province. According to investigation data, yearly the total agricultural vvastes in Namdinh province 
is more than 11 million tons. Most o f this agriculturaỉ vvastes in Namdinh province are not 
collccted and used at current time, it is mean that: Namdinh peasant dissipates a lot o f  biomass 
energy every year. In theory, 1 ton o f com by-products generates 477 kWh o f eỉectricity; 1 ton of 
peanut by-products generates 450 kWh o f electricity; 1 ton o f  husk by-products generates 460 
kWh o f  electricity; 1 ton o f straw by-products generates 447 kWh of electricity. In comparison 
vvith coal, using husk and stravv as fuels is more economicaỉ eíĩectively. The report aslo have 
proposed and chosen technologicaỉ method o f electricity production írom husk and stravv. This 
mcthod is fluidized sand-bed combustion technology. Ash after being burned can be used as 
additive for industrial production o f cement and bulding materials.
Keyvvords: Biomass energy; By-products; Straw; Husk, Agriculture.

1. In tro d u c tio n

Today OĨ1 a  global scale, biom ass is the 
íòurth  source energy in large (average 
con tribu te  is about 35%  o f  the total energy 
supply). Therefore, biom ass energy (B E ) hold 
im portant ro le in m eeting energy needs o f  the 
w orld  in the  future. U sing BE help to  reduce the 
am ount o f  vvaste and w aste reduction o f  
greenhouse gases, help to  protect the
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environm ent. On the w orld, m any countries are 
expanding trend using biom ass [3,5]. Unlike 
other form s o f  renew able energy, B E can not 
only control but also sim ultaneously provide 
both heat and electricity  production. Biomass 
source very  diverse and rich, there íòre BE 
technology is also very  d iverse  and can be 
divided into 2  types: technology o f  biomass 
conversion directly  into useíu l energy and 
technology o f  b iom ass conversion into 
secondary fuel.

N am dinh, a province o f  V ietnam , in the 
natural conditions favorable for developm ent o f
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agricu lture  so the annual am ount o f  by-products 
in agricultural cultivation are very large and 
very diverse in com ponents. Hovvever, until 
novv there is no research prọịect vvhich 
evaluated  a  specific quantity, com position, and 
especially  the potential use o f  b iom ass in the 
m ost appropriate way.

T h is article gives som e results o f  the 
investigation, surveys, assesses the potentials, 
and proposes prọịects include technology o f  BE 
application used to  generate electricity  in order 
to contribute to  solid w aste P ro c e ss in g  and 
reduce use o f  fossil fuel resources in rural 
V ietnam  today.

A naỉysis sam ples in the labor  
analyses o f  m oisture, ash co n t-.1t, tc 
o f  carbon, and  quantity  o f  heat ar? 
M oisture and ash content o f  the sa 
determ ined b y  the m ethod o f  weigh 
total am ount o f  cacbon is determ ii 
m ethod C hurin; quantity  o f  heat is (k 
by calorim etric bomb.

Analysis a n d  synthesis documení<  
basis o f  collected m aterials and the re 
surveys and intervievvs, it is evaluate 
o f  collection and use o f  rice bv-prcv 
calculated the  potentials o f  B E  ? 
province.

2. O b ịe c ts  a n d  m e th o d s  o f  re se a rc h 3. R esu lts  a n d  discussion

O bjecí o f  research : T he agricultural by- 
products after harvest (straw , husk o f  rice, com  
leaves and core, peanut straw ) in Nam dinh 
province.

C olìection docum ents a n d  data: docum ents 
and data  for research w ere received from 
reports o f  scientists o f  the  D epartm ent o f  
N atural R esources and Environm ent, 
D epartm ent o f  Statistics, N am dinh province. 
The data  w ere collected from the interview s and 
surveys at the household o f  som e com m unes o f  
Hai H au and V u Ban districts o f  the province.

3.1. Status o f  cultivation o f  sonu 
p lan ts  in N am dinh  province

u

- Status cu ltivation o f  rice [1]

N am dinh is hom e to  varieties o f  ric 
such as T am  X oan, Tam  T ieu, N ep  Bú 
Cai H oa V ang. T hese varieties o f  rice 
high investm ent cultivation and p ro v ; 
very high prcxluctivity, but the  value o f  
tim es com pared to  regular rice as Wc. 
yield, and rice production in N am dinh I 
in 5 years are shovvn in Table 1.

Table 1. Area, yieỉd, and rice production in the years 2004 - 2008

Year Area(ha) Yield (centner/ha) Production (1000 ton)
Rice season 1 Rice season 2 Rice season 1 Rice season 2 Rice season 1 Rice season

2004 80913 82059 68,75 47,51 556305 389864
2005 79953 81064 69,60 53,10 556461 430473
2006 78329 79967 69,92 29,37 547671 234878
2007 77618,5 79650 70,55 52,31 547575 416684
2008 77021 79052 67,11 52,48 516875 414894

Sources: Annuaỉ statisíic ofNamdinh province, 2009.
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By 2015 the use o f  rice grovving land in the 
province each year is 82813,9 hectares, 
including fĩeld  o f  3 seasons o f  34765,1 
hectares, field  o f  2 seasons o f  48,048.8 hectares 
w ith  d iíĩe ren t varieties o f  rice capable o f 
bearing against the w eather conditions and 
insect diseases such as: Q 5, L uong Quang, 
K hang D an, T ap  G iao... In addition, there are 
eigh t varieties o f  rice, g lu tinous rice sovvn in the 
land undigested water.

- Sta tus o f  corn cultivation

On the  territory o f  N am dinh province some 
o f  sticky co m  plants are grown quite popular. 
U sually  sow n in Septem ber, harvested in 
D ccem ber. C urrent status o f  com  cultivation in 
the  province is reílected in the  T able 2. Trend to 
2015 the  total area o f  planted com  is 6000 
hectares.

Table 2. Area o f cultivation and com production in 
the Namdinh province

Year 2000 2005 2006 2007 2008
Area (ha) 3407 4115 4744 5104 4144
Production (ton) 10892 15627 18672 19659 17086

Sources: Artnuaì statistic o/Namdinh province, 2009

- S ta tus o f  peanuí cultivation  

A ccording  to  statistics reported by the 
D epartm ent o f  A griculture and Rural

D evelopm ent o f  N am dinh  proYince in 2007, the 
area o f  peanu t 6000  - 7000 ha (including th e  3 
season: Spring, Sum m er-A utum n, and W inter), 
average y ie ld  33 - 35 centner/ha, the individual 
spring 2007  average  yield  vvas 38,75 centner/ha. 
Peanut plants w ere  planted a t the direction o f 
cu ltivation, m a in ly  new  varieties originated 
from C hina . C ultivation  area and harvest yeild  
in recent years  a re  show n in T able 3. T rend area 
o f  p lanted peanu t in 2015 in the province is 
10000 ha.

Tabỉe 3. Area o f cultivation and peanut production 
in the Namdinh province

Year 2000 2005 2006 2007 2008
Area (ha) 3739 6115 6442 6788 6808
Production (ton) 11024 21788 22722 24855 24232

Sources: Annual statistic o f  Namdinh province, 2009

3.2. S ta tus o f  co llec íion  a n d  use o f  by-products 
o f  agricu ỉture  p la n ts  (rice, corn, peanuí)

- S ía íus o f  co llec tion  a n d  use o f  rice by- 
products

T he by-p roducts  after rice  harvest are stravv, 
husk. T he  da ta  co llected  on the harvest and at 
the husk ing  rice to  determ ine the average mass 
o f  by-products a re  given in T able 4.

Table 4. Total mass o f rice by-products in Namdiĩih province in 2008

Pỉantation Arca (ha) Production (ton) Agricultural waste Mass (ton /ha) Total mass (ton/year)
D -  I«£ếvn 0 1 1 - 7 ^ 0  Straw 4>8 749150,4
Rice 156073 931769 H ^ k  ______________________226305:8

T he results in Table 4 are not much 
d iíĩe rence  from  the data  investigated by farm ers 
in 2 typical districts o f  N am dinh province, Hai 
Hau and  V u  Ban. Speciíìcally , on  average, 
every 100 kg o f  paddy equivalent to  about 70 
kg o f  dry  stravv and w hen husking it creates 25 
kg o f  husk.

R ice s tubb le  is used to  get bum ed ash as 
fertilizer o r d isposa l o r increase up humus 
content o f  land.

Stravv is used  for cooking  (stravv ash used as 
com post) o r food  for bu íĩaloes, cow s; o r ưsed 
the m aterial to  grovv m ushroom s (fungus fat, 
straw  m ushroom s, w ood ear fungus with
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productivity o f  285kg fungus/l ton  stravv). In 
addition, straw  is also used to  m ix w ith the 
anim al m anure as the organic  com post; some 
local territory use the straw  to  cover the  soil 
vvhen planting vegetables aim  to  avo id  too  high 
tem peratures o r heavy rain , keep  the  soil 
m oisture, keep soil from  erode  by washing 
drift... W hen the straw  bum ed, it creates large 
sm okes and dusts cause harm  no t only  to 
human health, vegetation, bu t a lso  im pact on 
safety for participants in traffic ; when 
cultivating it creates the am oun t o f  CH 4 gas 
influencing on the environm ental air. M odel o f  
m ushroom s planting has its ow n advantages 
and difficulties in particular.

The am ount o f  husk received  from  the 
paddy husking is large. A  part o f  husk  w as sold 
to  people as a m aterial for cook ing , com post...

the rest are put to  the dum ping place that cause 
environm ental pollution. Currently the province 
has not effectively  utilized th is raw  m aterial.

-  Status o f  collection a n d  use o f  c o m  by- 
products

T he secondary products from com  plants 
include: the stem , leaves, husk and core. W hen 
harvest the com cob is often collected 
separately, and the stem  and com  leaves are 
exposed to  d ry  a t the field (approxim ately 
90% ), vvhen dried  they are taken hom e, pu t into 
heaps in dry  p lace. T he collected data  in the 
harvest field to  determ ine the average m ass o f  
the by-products are given in Table 5. T he 
am ount o f  by-products by actual calculations in 
Table 5 and d a ta  through surveys from farm ers 
are not m uch different.

Table 5. Total mass of by-products from com plants in 2008

Plantation Area (ha) Production (ton) Agricultural waste Mass (ton /ha) Total mass (ton/year)

Com 4144 17086 Stem, leaves 
Core

6,4
2,3

26521,6
9531,2

Table 6 . Total mass o f by-products from peanut plants in 2008

Plantation Area (ha) Production (ton) Agricultural waste Mass (ton /ha) Total mass (ton/year)

Peanut 6808 24232 “ em, leaves 
Shells

2,8
4,5

19062,4
3063,6

Dry com  stem  and  leaves are  used as a 
material for cooking o r a very  good food for 
cattle because com  stem  have a  h igh content o f  
íìber (31,5% ), cruđe p ro te in  (7 ,6% ) and 
saccharin pow der higher com pared  w ith  straw
[11]. C om cobs after harvest are peeled  away 
from leaves and husk. M ost fresh husk  are  dried 
as 2 m aterial to  cooking, on ly  a  p art o f  com  
husk is used as food for cattle . C o m  core 
obteined after separated from  com  seeds often 
are throw n aw ay o r dried as a  m aterial for 
cooking.

- Sta tus o f  collection a n d  use o f  p ea n u t by- 
products

Secondary Products from peanut plants 
include: the  stem , shells and leaves. Stem  and 
shell are co llected  after the peanut harvest. 
Peanut is dried for storage. Peel and seeds have 
been separated  by m achine o r m anually. The 
data  collected in the harvest field to  determ ine 
the average m ass o f  the by-products a re  given 
in Table 6 . T he  am ount o f  secondary products 
by actual calculations in Table 6 and data 
th ro u g h  su rv e y s  fro m  fa rm e rs  a re  n o t m uch
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ì .  Peanut stem  and leaves can be cul 
5 cm Iength, and then cultivate down 

to  the green com post. A part o f  peanut 
dried as a material for cooking. In 
because the fresh peanut stem  and 

ave high contcnt o f  protein should they 
•e u rap p ed  up as  a reserve food for

cattle. Peanut sh e lls  have m ainly used as a 
m aterial for cooking .

From  the  da ta  received  in Tables 4, 5, 6 and 
data on the a rea  o f  cu ltivation o f  rice, com , and 
peanut by 2015 in N am dinh province, w e can 
predict the am o u n t o f  by-products obtained  in 
2015 (T ab le 7).

7. Prediction o f total mass of by-products o f some agricultural plants in Namdinh province in 2015

ntation Area (ha) Agricuỉtural aste Medium mass o f dry matter 
(ton /ha)

Total mass o f dry matter 
(ton/year)

:e 165627,8 Stravv 48 7950134,4
Husk 14,7 2401603,1

n 6.000 Stem, leaves 63,6 382800
Core, husk 22,5 135000

inut 10.000 Stem, leaves 27,8 278000
SheUs 4,5 45000

Total 11192537,5

P roposed  p rọ ịec t o f  using B E  technology o f  
ro d u c ts /ro m  rice, corn, peanut

Energ}’ value o f  by-producís fr o m  rice, 
leanut

ìcrgy/calory value vvill shovv the value o f 
producing o f  by-products. Based on the 

ate percentage received by-products 
■ analyzed by the heat o f  the bom b w ith 4 
iles by the corresponding  rate:

Table 8. Energy/calory value o f by-products o f rice, com, peanut at bum ing pressure o f 3000 kPa

Analysis sample Com Peanut Husk Stravv

Dry mass before buming (gr) First time 1,0065 1,0220 1,0251 1,0243
Second time 1,0059 1,0198 1,0212 1,0251
Third time 1,0071 1,0226 1,0236 1,0222

Energy/Calory First time 4102,5929 3875,1348 3955,8862 3851,9790
(Cal/gr) Second time 4096,7651 3863,2762 3927,6125 3866,5978

Third time 4113,3127 3891,0761 3964,7619 3832,7656
Medium 4104,2236 3876,4957 3949,4202 3850,4475

- C orn: 25 %  co re  and  peel +  75%  stem  and 
leaves;

- Peanut: 15%  Shell +  85%  stem;

- H usk: 100%  husk;

- R ice straw : 35%  straw  +  65%  root

T he resu lts o f  analysis are presented in 
Table 8 .

Inaccuracy o f  analysis results in table 8 is peanut) show  th a t to tal am ount o f  carbon
signiíĩcant. Results o f  analysis and total occupied high ra te  (abou t 38,5% ). W hen bumed

.ìount o f  carbon o f  by-products (rice, com , the m ainly w aste  gas will be C 0 2. Thus, to
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calculate the effect o f  the env ironm cnt it is need 
to calculate and determ ine the  m ethods o f  
technology that significantly  reduce the  am ount 
o f  this w aste gas.

- The schem e o f  íech ìio logy o f  heat and  
eỉecíric generator

The agricultural by-products from rice, 
com , peanut can bc used as fuel in heat-electric 
generator according to  the schem e as suggestcd 
on Fig. 1, includes thc equipment: fumace, boiler, 
turbine, electric  generators, heat exchanger, 
dryers and o ther auxiliary parts [2,5].

Fig. 1. The scheme o f  ĩurnace system o f bed combustion o f heat and electric generator.

ỈVorking p r in c ip ỉe : W ater is provided to  the 
boiler by pum p system , fuel (husk , straw ) are 
loaded into burning fum ace . T he bum ing 
proccss in fum ate creates a h ea t supply for 
boiler and pull lu rb ine to  turn the electric 
generator to supply the  povver to  dryer (or 
husking). Source gas (heat) from  turbine 
(second gas) is used fo r d ry ing  agricultural 
products.

Estimaíed po ten tkứ  ability to  provicỉe 
electricity fro m  bioĩĩìass o f  rice by-products: Based 
on the data analysis o f  heaưcalory  (Table 8), 1 
ton o f  husk by-products genera tes 460  kW h o f  
electricity; 1 ton o f  com  by-p roducts  generates 
477 kW h o f  electricity; 1 ton  o f  peanut by- 
products generates 450  kW h o f  electricity ; 1 lon 

o f  straw by-products genera tes 447 kW h o f 
electricity.

Based on the data o f  by-products collected 
in 2008 (Tables 4, 5 and  6) in N am dinh 
province there are about 1,040 m illion  tons o f  
vvhich 0 ,750 m illion tons o f  stravv; 0 ,230  tons o f  
husk: 0 ,030  m illion tons o f  stem , leaves o f  com ,

0,010  m illion tons o f  core; 0,020 m illion tons o f  
stem  and leaves o f  peanut; 0,003 m illion tons o f  
peanut shells. I f  the vvhole o f  these by-products 
are used to  be converted  into electric energy, it 
would generate: 447 X  0,75 X 106 +  460 X  0,23 
X  106 +  477  X  ( 0,03  +  0 ,01 )  X 106 +  4 5 0  X  ( 0 ,02  
+ 0,003) X 106 »  466 X 10 kW h/year.

A nd accroding to  calculations o f  actual 
perform ance o f  the equipm ents from the  start 
line to the end o f  the heat-electric generator as 
proposed (Fig. 1) 12%, w e can calculate the 
total electrical energy o f  using  the  w hole 
volum e o f  by-products co llected  from  rice, 
com , peanut on the territory o f  N am dinh 
province in 2008 approxim ately is about 466 X 
107 X 0,12 =  5 5 9 X 106 kW h/year.

Sim ilarly, one can get the  total electric 
energy from by-products o f  rice, com , peanut 
estim ated in 2015 i f  they are used as fuel for 
producing electricity-heat is about 606  X  106 

kW h. W hile the  total pow er consum ption o f  
N am dinh province in 2008 is 587 X 106 kW h.

- C hoosing  the b u rn in g /u m a ce
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Practically  there are generally  4 types o f  
bum ing  íum ace o f  by-products such as basic 
íìxed fum ace, m oveable fum ace, boiling 
fum ace o f  bed com bustion, tum ing  fum ace. 
B um ing  íum ace is chosen as FBC (Fludized

bed C om bustion) have m ore advantages than 
the other fum ace: high bum ing strength, 
stabilily, low  rem aining o f  volum e cacbon  in 
ash; it can burn the fuels w ith m oisture, high 
level ash, and low  heaưcalory (Fig. 2).

1. Input scction
2. Ravv materia! screw
3. Fumacc fan
4. Adjustment valve
5. Combustion section
6. Dust collcctor
7. Heat cxchangcr
8. Cyclone
9. Exhaust fan

Fig. 2. The scheme o f structure o f FBC.

Fuel is bum ed in com bustion section 5. 
U sing high-pressure fan 3 and exhaust fan 9 
m akes the pressure change in fum ace and 
ensures proper sand boiling as required. 
E lem entary and secondary air line to  keep the 
bum ing  process is provided by high pressure 
fan 3. Elem entary line is provided through the 
spray pipe. Second line is above the level o f  
sand suríace to  provide m ore oxygen to  help 
fuel bum  better. Ash is settled in dust collector
6, th e  fum ace gases com e into heat exchanger, 
transfer heat to the air íbrm ing the drying 
tem perature o r supply heat to  boiler.

B y-products has been bum ed com pletely in 
FB C  fum ace, m ainly gas vvaste is C 0 2, there is 
only  a iittle am ount o f  SƠ 2 gas (Table 9).

Table 9. The amount o f waste gases vvhile buming 
rice by-products and coaỉ [3]

Waste gases (kg/ton) Husk Straw Coal
C 0 2 4 0 - 8 2 3 0 -7 7 200 -  220
S 0 2 0 ,5 - 1,5 0,3- 1,8 2 8 -3 0
NO, - - 9 -1 1

4. C onclusions

- In the recent years in N am dinh province, 
sources o f  b y -p ro d u c ts  from rice, com , and 
peanut w ere about 1,040 m illion tons (in 2008) 
o f  which 0,750 m illion tons o f  straw ; 0,230 
m illion tons o f  husk; 0,030 m illion tons o f 
stem , leaves o f  co m , 0,010  m illion tons o f  core; 
0,020 m illion tons o f  stem  and leaves o f  peanut;
0,003 m illion tons o f  peanut shells but until 
now  they have nol been collected and used 
effectively. Potential electricity  energy o f  N am  
Dinh province from this biom ass source 
average in one year (2008) generated 
approxim ately 559 X 106 kW h.

- E stim ating in 2015, total m ass o f  by- 
products from rice , com , peanut in the  whole 
province is about 1,130 m iỉlion tons o f  vvhich 
about 0,800 to n s  o f  stra\v; 0,240 m illion husk;
0,040 million tons o f  stem and leaves o f  com;
0,015 m illion tons o f  core com ; 0,030 million
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tons o f  stem  and leaves o f  peanut; and 0,005 
m illion  tons o f  peanut shells. Potential 
electricity energy from biom ass source in 2015 
is  a p p r o x i m a t e l y  6 0 6  X 106 k W h .

- Com paring to  coal furnace, after using 
secondary agricultural Products as fuel for the 
FBC it can reduce the am ount o f  C 0 2 into 3-6 
tim es and S 0 2 into 18-20 tim es. This is a great 
ability  to  apply the  system  o f  Clean 
developm ent m echanism  (C D M ) under the 
K yoto Protocol.

- Ash after being burned in íum ace w ith bed 
com bustion o f  high content o f  S i0 2 can be used 
as additive for industrial production o f  cem ent 
and bulding materials.

- The use o f  s e c o n d a ry  rice Products as fuel 
for heat and electricity generator m eans a lot for 
environm ent and local econom ic sociaty: 
contribute the resolve o f  w aste fuel from the 
biom ass; reduce w astes causeđ environm ental 
pollution; resolve em ploym ent problem  for 
people; increase incom e from the collection and 
sale o f  these by-products.
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