|. Inventory of Greenhouse Gases
Sunmary

The objective of the inventory of GHGs was to identify the
prinicpal sources and to establish estimates of GIG em ssion
from different sectors.The main GHG and precoursers emtted in
Ethiopia for the year 1990 are COy (16297 &), CO (7611 &) ,

CHy (1586 Gg), and NOx (171 Gg) and NpO (4.7 &g). The results of

the inventory of GHGs suggested that |and use changes and
forestry is prinicipal emssion sources in Ethiopia while
Agriculture and energy are second and third respectively.
Changes in land use and forestry are principally related to the
expansion of agricultural activities. Emssion in energy sector
are related to the conbustion of products originating in
petroleum and traditional biomass burning to neet the energy
demand, particularly in the household and transportation sub-
sector. CHg emission from enteric fernentation of herbivorous

animals is highly significant as the «country’s |ivestock
popul ation is relatively |arge.
Met hods

In this study GHG em ssion inventory from the follow ng sources
wer e consi dered using the | PCC reconmended net hods.

1. Energy consunption, either traditional or nodern;

2. G eenhouse gases en ssi on from Dbagasse (stationary
conbustion);

3. Agriculture; em ssions formlivestock, field burning of

4, Land use change and forestry; with special attention given

5. Wast e: em ssions formlandfills (nunicipal solid waste)

6. I ndustrial processes: |ike em ssions fromcenent factory.

During the course of this inventory program the follow ng
various gases annually emtted fromdifferent source are

A. Energy Modul e

A.1 Actual Carbondi oxi de Em ssions from Fossil Fuel

agricul tur

to em ssio
and |iqui

quantified



The main reason why fossil fuels are regarded as an inportant
source of COp emssion is that the transportation sector in

whol e and many industries in Ethiopia are highly dependent on
fossil fuel/ petroleum products for their energy supply.

In other words, although Ethiopia is one of the |east devel oped
countries, it uses fossil fuels for operating various econonc
sectors. Due to this fact the COp released from petrol eum

products is not negligible.

Fossil fuels which their annual COy release is determ ned are:

| Primary Fuel, Crude oi

Il Secondary Fuels

a) Gasoline

b) Kerosene

c) Jet kerosene

d) Residual fuel oi

e) Liquid petrol eum gas

f) D esel

g) Bitunen

h) Lubricants

i) Banker Fuel oil; Actually not included in the total nationa
em ssion, Since the emssion could affect territories out side
of the country.

The actual COp em ssion from each fossil fuel is obtained by

mul ti plying the actual carbon em ssion with the nol ecul ar wei ght
of carbondi oxi de to carbon.

In order to obtain the total annual emssion from all fossil
fuel types, the annual emssion from crude oil consunption is
added to the total annual em ssion from secondary fossil fuels.

A 2 GHG Emission from Traditional Bi omass Burned for Energy
(O f-site Burning)

In the |PCC worksheet manual, nmethod of Em ssion calcul ations
for CHg, CO MNoO and NO; from biomass fuels are clearly

present ed. It is believed that the above gases released from
bi omass energy use is high as the country is highly dependent on
bi omass to neet its energy demand, particularly of the household
sector. The main traditional biomss fuels burned for energy in

Et hi opi a are: Wod, Agricultural residues, charcoal, and Dung.
Car bondi oxi de em ssion from bi onass fuels ( for energy use ) has been treated
as zero, because it is assunmed that biomass fuelwod growth is sustainable in



the country. Therefore the net emission will be zero. However, this needs
further investigation.

B. G eenhouse Gas Emi ssion from Stationary Conbusti on.

In this section special attention has been given to bagasse use
as fuel in industrial boilers. Because, the process residue
that provides the greatest source of energy in industry is
bagasse, from sugar refining. The use of other process residues
| i ke agricultural waste in boilers is not considered inportant
as the nunber and capacity of the industries which use this
energy source are |imted. In this nodule, only CO and NOx
em ssions are cal cul at ed. It was not possible to conpute other
gases, because em ssion factors for bagasse-fired boilers for
ot her gases has not been provided.

C. Agriculture Mdul e.

| PCC has recomrended countries to |ook at greenhouse gas
em ssions from rice cultivation. However, Ethiopia is a non-
rice producing country. In other words, there is no emssion
from rice field flooding. Therefore, in the agricultural
nodul e, only livestock and manure managenent, savanna burning
and open burning of agricultural residues are considered as
potential em ssion sources in Ethiopia.

Et hiopia ranks first in animal population in Africa and 10th jn
the world. CHy em ssions fromrumnant( e.g. cattle, sheep) and

non-rum nant (e. g. hor se, ass) ani mal s due to enteric
fermentation and manure nmanagenent is quantified. No attenpt
was made to calculate CHg em ssion from w ld ani mals because of

the |ack of aninml statistics.

Agricultural residues have various uses in Ethiopia. I n order
to prepare the land for the next growing cycle, the residues
left in the field are wusually burned in open conditions.
Em ssions of non-COy trace gases (CHg, CO NpoO NOx) for which

| ocal statistics of the crop or residue is available are
conput ed.

It is believed that savanna burning in Ethiopia contributes a
significant anobunt of trace gas em ssions to the national total
non-COp trace gas em ssion. COp em ssion from this source area

is not considered inportant as the em ssion released could be
reabsorbed during the next vegetation regrowth period. In other
words, since in savanna areas a continuous grass regrowh



bet ween burning cycles occur, the net carbondi oxide emssion is
considered to be zero.

D. Land use change and Forestry nodul e.

Calculation of GHG emssions from land wuse practices and
forestry is the nost difficult area. It requires a |lot of
i nformation than any other em ssion source sectors.

In Ethiopia, there 1is a scarcity of updated statistics
especially on types of forests available and annual area

cl ear ed. Because of this reason an attenpt has been nmade to
obtain information from various docunents produced by governnent
institutions and international organizations. Based on the

obtained information, natural forest areas cleared annually from
1989/ 90-1992/93 including em ssions for these years have been
conputed. GHG em ssions quantified in this nodul e are:

a)COy release from burning of above ground bionmass on-site and
of f-site;

b) Non- CO» emi ssions fromon-site burning of cleared forests.

Forest resource information obtained from the Ethiopian Energy
Authority for 1981 and deforestation rate from ECA docunments
(African conpendium of environnmental statistics, 1993 ) have
been used as a base of estimating natural forest area cleared
annual | y.

Actually, to obtain conplete information of forest type as
classified in I PCC docunent was very difficult. Therefore, sone
nodi fi cati on has been made on the | PCC wor ksheet paper, in order
to fit the format category to Ethiopia's forest classification

Based on the estimated area cleared annually, CO2 em ssion for
1989/ 90- 1992/ 93 has been conput ed.

Total annual CHg, CO NpO and NOx em ssions have been conputed

using the carbon released from on-site and off-site burning of
each forest type. SSimlar to the carbondioxide release,
em ssions of the above trace gases for 1989/90-1992/93 were
cal cul at ed.

E. Waste Mbdul e.



In this nodule, nethane gas em ssions from Minicipal solid &

liquid waste, and Industrial liquid waste for Addis Ababa have
been inventoried. There is no statistics on quantity of liquid
waste for other towns of the country. However, CH4 em ssion

fromsolid waste of other towns were cal cul ated, using the urban
popul ation figure for 1989/90-1992/93.

Met hane emi ssions from Addis Ababa city municipal solid waste
for the year 1989/90-1992/93 have been cal cul ated based on the
anount of solid waste collected annually from the city. As
menti oned above an attenpt has been made to quantify also CH4
em ssions from other urban solid waste based on the population
figures.

In this section nethane enmi ssions from Addis Ababa municipal
liquid waste only has been determ ned. Because, statistics on
popul ation who uses toilets and daily BCDg generation rate of

ot her urban centers was not avail abl e.

The nmethane emi ssion fromindustrial liquid waste was cal cul ated
based on the annual waste water out flow used in the process of
producti on. The calculation does not cover emssions from
liquid waste of all industries in the country, because of the
| ack  of information on production potenti al and ot her
statistics. In this section CH4 emtted from canneries, beer,

W ne, neat packing, oil and grease, soft drink and other food
(eg. bread ) for the year 1989/90-1992/93 has been conputed as
there are statistics on production capacity.

F. Industrial Process Mdul e.

In This nodule due attention has been given to quantify CO

em ssion from cenent plant. There is no local statistics on
production potential of other factories that rel ease COp.

Car bondi oxide Em ssion from Addis Ababa and Migar cenent
factories for the years 1989/90-1992/93 has been inventoried.
The yearly production figure of these factories is available and
well conpiled. The emssion form Dire-Dawa cenent factory is
ignored as the factory is not operating since the end of 1991.

Results and D scussi on

Car bondi oxi de (Co»)
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consi dered t he Agri cul tural sect or (i.e enteric
fermentation), see tables 1 and 2, and Fig 2E. This is because
of high popul ation of |ivestock.
Ni triousoxi de (N2O
The magni tude of NpO emission in Ethiopia is very snmall (about
Gy in 1990). The Agricultural Sector (savanna burning) and
Energy (fuel wood burning) account 45 and 41% respectively , see
Fig 2b.
Ni t ogenoxi des ( NOx)
Table 2 and Fig 2B show NOx em ssions from different sectors.
Nox emission is not significant, anmounting only about 171 & in
1990. The nmmjor source of NOx are Agriculture (Savanna burni ng)
and Energy use (fuel wood burnning). There are mnor
contribution fromforest burning and agricultural residue.
EM SS ||SOURCE 1989/ 90 1990|f 1990/ 91 1991|| 1991/92 1992 1992/93 1993
I ON
% |IFossi | 2948. 1723.3 2948 1723.

Fuel 29 8 .29 38

For est 13802 13596 13393. 13176.86

f ossi |




Bi omass 54 .99 09

Cenent 158. 3 205.9 129. 98 187.98
TOTAL 2948. 13960 1723. 3 13802 2948 13523. |1723. 13364.8
29 .86 89 . 29 07 38 4
[Fuel Wood | W)od 1888 1958 [ 2007. | 2057.
49
Agri - 165. 169. 8 174.2 178.9
re.(E) 39 7 1
Dung 178. 182.9 187.7 192.7
28 7 8 2
Char coal 102. 116. 8 114.6 112.9
Pr. 99 9 7
Char coal 24.1 27. 45 26.9 26.53
Co. 8
For est 527. 519.1 511.37 503.12
Bur n. 01 6
Savanna 4491 4333. 4182.29 4035.91
17 o8
Agr-re 166. 188.1 199.1 211.8
(F) 48 2 8 3
Bagass 7.93 8. 09 8.26 8.43

TOTAL 2533 5018 2652. 4853
.84 .18 17 .14

Cy Fuel

2718 4693.6|2788. 4539. 03
.9 6 88

Wod || 215. 223. 8 229.4 235.1

84 7 8 4
Agri - 7.88 8.09 8.3 8.52
re. (E)
Dung 28. g 29. 62 30.4 31.2
Char coal 61. 8 70. 13 68.76 67.79
Pr.
Char coal 0.32 0.37 0.36 0.35
Co.
For est 60. 2 59.33 58.44 14.5
Bur n. 3
Savanna 17%-9 165.1 159.33 153.75
Li vest ock | 957. 990. 5 980.3 984.8
59 8 6 1
Agr-re 7.93 8.96 9.48 10.09
(F)
Landfil |l 6.72 5 4.8 14.29

(AA)



Landf. (ex 20.5 21.35 22.12 68.2
t. AA) 9
Waste W 1.05 1.08 1.12 1.15
(AA)
Fugitive 24. g 16. 87 10.96 18.36
! 1305 258. | 1349. 250.|| 1339 244.69|1357. 250. 74
.79 63 57 78| .22 41
Nox  lIFuel Wood | 53. g 55. 63 57.02 58.43
Agri - 7.05 7.23 7.42 7.62
re. (E)
Dung 5.06 5.2 5.33 5.47
Char coal 2.92 3.32 3.25 3.21
Pr.
Char coal 0. 69 0.78 0.76 0.75
Co.
For est 14.9 14.74 14.52 14.29
Bur . 7
Savanna 75. g 73.24 71.26 68.2
Agr-re 8.18 9.23 9.84 10.4
(F)
Bagass 0.41 0.42 0.43 0.44
T T |l el
Fuel Mbod 158 | 162
Agri - 0. 19 0. 2 0.21 0.21
re. (E)
Dung 0. 14 0. 14 0.15 0.15
Char coal 0.08 0.09 0.09 0.09
Pr.
Char coal 0.02 0.02 0.02 0.02
Co.
For est 0.41 0.41 0.4 0.39
Bur .
Savanna 2.12 2.04 1.97 1.9
Agr-re 0. 23 0. 26 0.27 0.29
(F)

. . 2.25 2.45( 2.32 2.37| 2.38 :




Note: - 1989/90, 1990/91, 1991/92, and 1992/93 are interms of Ethiopian fiscal year ,that startsin the beginnings of
July of the former year and ends towards the end of June of the latter. This calendar is used as some of the data are
compiled in Ethiopian calendar.

EM S |SECTOR SOURCE 1990 1991 1992
SI ON

CO, |Energy Fossi | Fuel 2335. 84 2335. 65 2335.84

Lan. &For. |Forest Burning 13802. 54 13596. 99| 13393. 09

I ndustry [Cenent 158. 32 205.9 129. 98

Tot al 16296. 7‘ 16138. 54 15858. 91‘

CO |Agricul. [Savannah 4491. 17 4333.98| 4182.29

Ener gy Bagasse 8.01 8.18 8.35

Char coal 135.76 142.93 140.51

Agri - Res. 167.6 172.04 176.59

Dung 180. 63 185. 38 190. 25

Fuel Wod 1923.72 1983. 38 2032.7

Lan. &For. [Agri - Res. 177.3 193. 65 205. 51

For est Burni ng 527.01 519. 16 511. 37

Tot al 7611. 2‘ 7538. 7 7447. 57‘

CHy |Agricul. [Savannah 171. 09 165.1 159. 33

Li vest ock 974. 09 985. 47 982. 59

Ener gy Agri - Res. 7.99 8.2 8.41

Fugi tive 20.7 13.92 14. 66

Dung 29. 24 30.01 30.8

Char coal 66. 35 69. 82 68. 63

Fuel Wod 219. 86 226. 86 232.31

Lan. &For. [Agri - Res. 8. 45 9.22 9.79

For est Bur nni ng 60. 23 59. 33 58. 44

Wast e I'nd. waste water (aa) 1.07 1.10 1.14

Landfill 27.31 26. 35 26.92

Tot al 1586. 38‘ 1595. 38 1593. 02‘

NOx |Agricul. [Savannah 75. 89 73.24 71. 26

Ener gy Bagasse 0. 42 0. 43 0. 44

Char coal 3.86 4.06 3.99

Dung 5.13 5.27 5.4

Agri - Res. 7.14 7.33 7.52

Fuel Wyod 54. 63 56. 33 57.73

Lan. &For. [Agri - Res. 8.72 9.54 10. 12

For est Burni ng 14. 97 14. 74 14.52

Tot al 170. 75 170. 85 170. 98

Ener gy Char coal 0.11 0.11 0.11

Dung 0.14 0.15 0. 15

Agri - Res. 0.2 0.21 0.21




Fuel Wbod 1.51 1.56 1.6
Lan. &For. [Agri - Res. 0. 25 0. 27 0. 28

For est Burni ng 0.41 0.41 0.4

Not e: - The inventory of GHGs was done by the EERC (formerly EEA). Table 1 was prepared by EERC. To
meet uniformity of the calendar system, we have interpolated the values from Table 1 and produced Table 2 for the
period 1990-1992. For example the interpolation for 1990 is done by averaging the values given for 1989/90 and
1990/91 provided in Table 1.



