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THE NATI ONAL | NVENTORY OF ANTHROPOGENI C
SOURCES AND S| NKS
OF GREENHOUSE GASES | N THE REPUBLI C OF
UGANDA

SUMVARYSUMVARY

This report presents an inventory of sources and sinks of
greenhouse gases in the Republic of Uganda for the year 1990.
Em ssions of carbon dioxide (C%), nethane (CHi), nitrous oxide
(NO, carbon nonoxide (CO, oxides of nitrogen (NOX) and non-
nmet hane volatile organic conpounds (NWOQC) are described by
source and sector categories.

1. ENERGY
1. 1 Energy Conbustion Activities

Uganda's per capita energy consunption is estimated
to be 0.19, tons of oil equivalent originating from

a. Pet r ol eum product s - 4%
b. Hydr o- power (electricity) - 1%
C. Wod-fuel (includes household use) - 95%

Em ssions of GHGs due to energy conbustion are
clearly dom nated by fuel wood conbustion. Wod fuel use

is as follows: Househol ds 75% conmercial 10% industry
5% and charcoal production 10% Em ssions from use of
petrol eum products, electricity generation, as well as
fromroad, rail, marine and air transport were cal cul at ed.

GHG em ssions due to energy conbustion activities
were as follows: CO - 708.6 Gy, CHs - 74.6 Gy, NO - 5.3

g, NOx -269 &g, CO - 849.7 Gy and NWOC -
5 Q.

ar dent
1.2 Eneray producti on, Transm SSion, St or age and

D stribution

Em ssions from these sources are mnimal as there is no
production of oil or natural gas and nor is there coal
m ni ng.

2.0 her Industrial Processes

3. SOLVENTS

NWQOCs em ssions from solvents have been estimted
from paint production and solvent use in the Dry d eaning



| ndustry. Pai nt production accounted for 0.935 & of
NWQOCs while the Dry O eaning Industry accounted for 0.057

.

I ndustrial activity is relatively low and the main
em ssions are from cenent production which is about 5% of
installed capacity. Total installed capacity from the
only two factories is 400,000 tonnes/annum

Total em ssions due to industrial processes anounted
to 43.5 & of CO.

4. Agriculture

CH; Em ssions have been calculated from |ivestock

enteric fernentation, | i vest ock manur e and rice
cultivation while emssions of NO were determned from
the use of fertili-zers. The use of fertilizers is very
low and therefore NO emssions from this source are
hardly significant. There were other trace gases
em ssions determned from agricultu-ral waste burning and
savanna bur ni ng. Total methane em ssions from grazing

cattle, goats, sheep, pigs and poultry anounted to 204.45
Gy for the year 1990 while rice cultivation accounted for
23.54 &. Em ssions from agricultural crop-waste burning
anounted to 3.55 & of CHi;, 0.38 Gy of NeO, 8.54 &g of NO
and 61.85 & of CO  Emi ssions due to savanna burning were
960 Gy of CH4, 40 & of N20, 1,165 Gy of NOx and 16,830 &g
of CO

5. Land-use Change and Forestry

CO, emssions were considered from on-site and off-
site imediate burnings, decay and soil carbon released
due to forest clearing while nanaged forests were | ooked

at for carbon sinks/em ssions. CO, emissions and CHs
uptake reduction due to conversion of grasslands into
croplands were also |looked at. Total emssions fromthis

sector were as follows: CO - 8,874.76 &y, CH: - 6 &g, NO
- 0.014 &g, NO - 0.32 &g and CO - 17.24 .

6. st es

CH; emssions from landfills, sewage treatnment and
pit latrines were considered. Most of the landfills are
shallow and open and hence the deconposition is mainly
under aerobic conditions which produce small anounts of
nmet hane. Met hane release for Kanpala city was 1.292 g
while for the whole country it was 2.460 Gy during 1990.
More urban centres were visited during the up-dating of
the inventory. These extra centres visited accounted for
0.466 Gy of nethane bringing the national total to 2.926

Gg.



7. Bi omass _and Bi of uel Characterisation

Biomass and biofuels wvary in their carbon and
nitrogen contents depending on the climate and soil type.
This wvariation therefore influences the net heating
values as well as their intensity of GHG em ssions.
Sanpl es of grass and agricultural crops were collected by
stratifying areas according to vegetation and the conmon
bi of uel s used. These sanples were then subjected to
| aboratory investiga-tion. Also sixteen sanples of
woodf uel and seven sanples of charcoal from known trees
were investigated and the carbon content of fuelwod and
charcoal as well as the calorific values for different
types of woodfuel were determ ned.

8. Summary of Results

A detailed summary of results of GHG em ssions by source
and sector categories is given below in Mninum Data
Table 6 A (Parts 1 and 2).
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THE NATI ONAL | NVENTORY OF ANTHROPOGEN C SOURCES
AND SINKS OF CGREENHOUSE GASES

IN THE REPUBLI C

OF UGANDA

| NTRODUCT] ONI NTRODUCT1 ON

BACKGROUND

The objective of the United Nations Framework Convention
on Cdimte Change (FCCC) is to achieve stabilisation of
greenhouse gas concentrations in the atnosphere at a | evel that
woul d pre-vent dangerous anthropogenic interference wth the
climate system Such a level should be achieved within a tine
frame sufficient to allow ecosystens to adapt naturally to
climate <change, to ensure that food production is not
threatened and to enable econom c devel opnent to proceed in a
sust ai nabl e manner. The FCCC, to which the Governnent of
Uganda is a signatory, also requires all parties to devel op,
periodically update, publish and nake available to the
Conference of Parties, national inventories of anthropogenic
em ssions by sources and renovals by sinks of all greenhouse
gases not controlled by the Mntreal Protocol, using conparable
nmet hodol ogi es.

In  Septenber 1992, the United Nations Environnent
Programme (UNEP) approved a pilot project to conduct 11 country
case stu-dies on sources and sinks of GIG em ssions. Uganda is
one of the countries which participated in this project. This
series of country studies are to develop national inventories
based on the [IPCC nethodology and enable a |arger nunber of
national scientists and admnistrators to contribute further to
its refinenent.



The Departnment of Meteorology, wthin the Mnistry of

Nat ur al

Resources, was the |ead agency and contact point for

this national study.

10. OBJECTI VES OF THE PROJECT

a.

Long-Ter m bj ecti ves

i To have a nore conplete understanding of
the role of GHG em ssions and sinks in gl obal
climate change with respect to hunman and natural
events.

. To identify policies and technol ogi es which

coun-tries mght incorporate into national
planning with the aim of mnimsing GIG
em ssi ons.

Short-Term Chj ecti ves

i To increase both the quantity and quality
of base line data available in order to further
scienti-fic understanding of the relationship of
GHG em ssions to climate change.

. To enhance the ability of environnental
agencies in Uganda to estimate, nonitor and
report national inventories of GHG em ssions and
si nks.

. To pronote the exchange of information
related to «clinmate change, national ©policy
options and technol ogy choices that could |ead
to the eventual reduction of GIG em ssions
wor | dwi de.

V. To pronote the establishnment of pernmanent
| i nks between national environment agencies in
Uganda and international institutions for the
exchange of scientific, technological and policy
informa-tion related to the effects of GHG
em ssions on gl obal clinmate change.

11. ORGANI SATI ONAL FRAVEWORK

a.

The study was carried out by a national team
under the supervision of a Project Co-ordinator from
the Depart-nment of Meteorology and other nenbers of
the study team were drawn from the follow ng
Departnents/ Institutions:

i Depart nent of Energy.



. Depar t nent of Envi r onnment
Prot ecti on/ Nati onal Environnental Action Pl an.

. Departnent of Forestry/ National Bi omass

Proj ect.
V. Depart nment of Meteorol ogy.
V. Makerere University, Kanpal a.
(1) Depart nment of Physics.
(2) Departnment of Chem stry.
Vi . Mnistry of Agriculture, Aninmal Industry

and Fi sheri es.
12. THE RESPONSI BLE AUTHORI TY

The Permanent Secretary,

M nistry of Natural Resources,
P. O Box 7270,

KAMPALA, Uganda.

A National Steering Commttee was forned to co-
ordinate and advise on the conduct and inplenentation of
the study and its conposition was as foll ows:

a. The Permanent secretary, Mnistry of Natural
Resources - Chairman.

b. The Per manent Secretary/ Secretary to t he
Treasury, Mnistry of finance and Econom ¢ Pl anni ng.

C. The Permanent Secretary, Mnistry of Foreign
Affairs.

d. The Director of Environnment Protection.

e. The Director of Agriculture.

f. The Conmi ssi oner of Meteorol ogy.

g. The Conmi ssi oner of Lands and Surveys.

h. The Conm ssioner of Statistics.

i The Chief Transport Economist, Mnistry of
wor ks, Transport and Commruni cati ons.

J - The Commi ssioner for Forestry.



13. WORK- PLAN

The bulk of the work was carried out under five Task
Forces, each looking into different sources of em ssions
Vi z:

a. Energy Consunption, storage, transm ssion and
distri-bution as well as fuel -wood use both donestic
and commerci al .

b. Land-use change and Forestry, 1i.e. forestry
cl eari ng, abandonnment of managed | ands, conversion of
grasslands to agricultural lands, and determ nation
of types and nunber of sinks.

C. Ani mal husbandry, rice cultivation, fertilizer
use, agricultural waste, crop biomss and savanna
bur ni ng.

d. | ndustrial processes and public utilities, i.e.
chem -cal plants, soap factories, landfills, steel

produc-tion, nedicinal factories, cenent industries
and sewage pl ants.

e. Bi o- f uel characterisation, i.e. | abor at ory
determna-tion of C N ratio and the determ nation of
bi omass of agricultural crops.

For a study of this kind it is acknow edged
that there are still many uncertainties and gaps
surroundi ng sone of the em ssions estimates. Further
work may be necessary to ensure that all potential
sources are identified and the existing source
estimates verified.

14. A GENERAL OVERVI EW OF UGANDA

Uganda spans al most 236,000 knf and has a popul ation
of nearly 17 mllion. dimate is considered as one of the
maj or resources. In general, the country experiences two
rain seasons but there are inter-annual variations in both
the onset and the total anounts. Rai nfed agriculture is
the mainstay of the econony accounting for about 70% of
GDP and over 95% of the nerchandi se exports and therefore
the growth of the agricultural sector greatly determ nes
the performance of the econony. It provides enploynent
for about 80% of the population and is the econom c base
for much of the manufacturing and service industries.
Negative climate change would therefore adversely affect
t he econony. National policies nust therefore be evol ved

10



to tackle the problem of global warmng associated wth

greenhouse gas em ssions. They key inpacts of climte
change are |likely to strongly affect the follow ng
sectors:

a. Agricul ture;

b. Forestry;

C. Nat ural Ecosystens and wildlife;

d. WAt er Resources;

e. Fi sheri es;

f. Human settl enments;

g. energy;

h. Transport and | ndustry;

i Human Heal th; and

] - Air quality and changes in ultra violet

intensities.

CHAPTER ONECHAPTER ONE

1. OESTI MATI ON 0= GREENHOUSE GASES EM SSI ONS. 0
ESTI MATI ON OF GREENHOUSE GASES EM SSI ONS
FROM ENERGY ACTI VI TI ES

11



1.

1

| NTRODUCTI ON

1.1 1. Backgr ound
The energy sector in Uganda is predom nantly dependent on
wood-fuel. It is estimated that wood-fuel accounts for as

much as 95% of the country's total energy consunption,
whi | e petrol eum products and hydropower account for about
4% and 1% respectively (NEAP Background doc, 1993). For
the base year 1990, wood-fuel accounted for 94.5% while
petrol eum products and hydropower accounted for 5.0% and
0.5% respectively (Wrld Bank energy balance 1990).
Uganda has also one of the |owest per capita energy
consunpti on in the world wth conmer ci al ener gy
utilisation accounting for about 10% of the total energy
consunpti on.

This low |level of commercial energy consunption, coupled
wth the country's over dependence on wood-fuel, inplies
that Uganda is not expected to be a major net contributor
of GHGs into the atnobsphere, on the basis of fossil fuel

conbust i on. There is, however, indication of systematic
reduction in the carbon dioxide sink due to continued
deforestati on. It was estimated (Openshaw, 1982) that in

1980 sustainable supply of wood energy was |ess than
demand by about 17%

1.1.2D0ata Sources

All raw energy data wused in the estimation of GIG
em ssions were obtained fromlocal sources. These sources
are listed hereunder in accordance with the nature of
em ssi ons:

(i)Estimation of CO, Em ssions from petrol eum products:
Data on annual sales of petroleum products:
Departnment of Energy, Mnistry of Natural
Resour ces.

(ii)Estimati on of GHGs from Mbil e Conbusti on:

Data on road transport and agricultural machinery

(tractors): Transport Policy and Planning Project
(TPPP), Mnistry of Transport, Conmunications and
Wor ks.

Data on other Non-road Transport:

Aviation: Uganda G vil Aviation Authority.



Wat er Transport:

Uganda Railways Corporation and Departnent of Fish-
eries (Mnistry of Agriculture, Animal Industry and
Fi sheries).

Rai | Transport: Uganda Rail ways Cor porati on.
Estimation of GHGs from non-nobil e conbusti on:
Thermal power generati on:

Uganda El ectricity Board.

Bi omass conbusti on: Depar t nent of Forestry
(Mnistry of Natural Resources) Bagasse.

1. 1. 3Met hodol ogy

The data obtained from the various sources were in units
of either weight (or mass, i.e. netric tonnes) or volune
(litres) of fuel. They were then converted to energy
units (Gga Joules) wusing standard conversion factors
given in the GHG Inventory Reference Minual. Em ssi on
estimates for petroleum conbustion were also nmade using
the em ssion factors contained in the same manual and the
GHG | nventory Workbook. It should be noted that Uganda
has no country specific em ssion factors. However, for
bi o-fuels conbustion, specific emssion factors were
determ ned by Task Force V of the project.

CO» emssions from petroleum products were estimated for
each fuel type using the |PCC Mthodol ogy enploying the
M NERGG Package and a hand calculator and the results
conpar ed.

For non-CO, GHGs em ssion estimates for both stationary
and nobile sources were nade using the follow ng basic
formula (GHG I nventory Reference Manual, 1991).
Em ssions = Summat i on (EFapc X Acti Vit Yanc)
wher e:

(1)For Stationary sources

EF = Em ssion Factor (g/ &)
Activity = Energy input (&)

Fuel type;
Sector-activity;

a
b
C Technol ogy type; and



1

2

(i1)For nobile sources

EF = Em ssion Factor (g/ &)

Activity = anount of energy consuned or distance

travelled for a given nobile source activity.

a = transport node (rail, r oad, air, wat er
etc.).

b = fuel type (diesel, gasoline, LPG bunker, etc.).

c = vehicle type (e.g. passenger, light duty or
heavy for road vehicles).

The sane formula was also used to estimte CO
em ssions from stationary conbustion, and for nobile
conmbustion for the various transport nodes.

CARBON DI OXI DE EM SSI ONS FROM FOSSI L FUELS

1. 2. 1Backgr ound

All fossil fuels consuned in Uganda are secondary forns of
petrol eum Uganda's own reserves of crude oil and peat
are of unknown potential and are not yet exploited. Apart
from lubricants and plastics, the inported petroleum
products are all used for energy production in the
transport, household, industry and comrercial sectors.

The petroleuminportation is carried out by several nulti-
national oil conpanies, although the Governnent also
procures its own strategic stocks of gasoline (petrol),
gas oil (diesel) and kerosene. The Governnent stocks have
been used on loan basis, by the oil conpanies, whenever
there is a shortage. Qherwi se the oil conpany stocks, at
any particular tinme, can last for approximately one week
only.

Information on inports and sal es of petrol eum products can
be obtained from the Departnent of Energy (Mnistry of
Nat ural Resources), the Department of Statistics (Mnistry
of Finance and Economc Planning) and the G| Conpanies.
Exam nation of available sets of data from the various
sources showed that the Departnment of Energy had the nost
reliable data, especially on petrol eum sal es. Due to the
relatively high donmestic prices of petroleum fuels
conpared to the neighbours, only negligible quantities are

reexpor-ted. However, this high price scenario has
facilitated continued snuggling of petroleum products into
the country. Estimates (Departnent of Energy) show

alarmngly high figures of snuggled fuel, thus:



1990 - 15 mllion litres (approx. 5% of |egal sales);
1991 - 42 mllion litres;
1992 - 55 mllion litres; and
1993 - 55 mllion litres.
Smuggl ed fuel now estimated at 10% of the narket
{ESVMAP/ Wor | d Bank M ssion aide Monoire (1994)}.
These figures have been ignored in the calculation of
emssions in order to avoid double counting with Kenya
since Kenya would naturally have them in their sales
statistics.
Table 1.1. shows annual sales of petrol eum products, which
gives the raw data wused in the <calculation of CO
em ssions for Uganda. It is assuned that the total sales
represent total |ocal consunption
TABLE 1.1
ANNUAL SALES OF PETROLEUM PRODUCTS I N METRI C TONNES
(M FOR THE PERI OD 1988 - 1992
FUEL TYPE YEAR
1988 1989 1990 1991 1992
Gasol i ne 81, 148 89, 748 87,148 79, 843 78, 024
Ker osene 34, 207 37,178 35, 726 27, 254 23, 349
Jet Fuel 17,049 25,154 33,444 N A 13,954
Gas oil 82, 063 91, 205 83, 021 78, 007 71, 821
Resi dual 14, 175 12,185 20255 11, 884 12,073
fuel oil
(furnace
oil)
LPG 779 562 139 79 582
| ndustri al 205 125 169 0 0
Diesel G
Tot al 230, 287 | 256, 155 259,902 | 197, 079* 199, 804
Quantity
N A = Not Avail abl e
Sour ce:
Departnent of Energy, Mnistry of Natural Resources. Data
on lubricants is not available fromthis source, although

inmport figures (Bank of Uganda) have tentative data for



| ubri cants. Unfortunately, these figures do not always
tally with actual fuel inportation figures because they
only show intention to inport depending on availability of
foreign currency. There is no indication of actual anount
inported, if any.

Table 1.1 shows that there has been a systematic decrease
in the consunption of kerosene since 1989. This can be
attributed to the high cost of kerosene on the donestic
market, which has resulted into increased substitution of
wood- fuel for kerosene for cooking.

1. 2. 2St ock Changes:

There are no significant stocks in the country because G|
Conpanies prefer to keep their stocks in neighbouring
Kenya. At nost, stocks in the country are expected to
| ast five days.

I mportation of industrial diesel oil virtually ceased
after 1990 because of its relatively high cost as conpared
to residual fuel oil or diesel

1.2. 3Estination of CO» Eni ssions

Sales data for 1990, which represents apparent consunp-
tion, was used to calculate CO em ssions. Fuel consunp-
tion in Gga joules was obtained by using the conversion
factors given in the IPCCs GHG I nventory Wrkbook (Table
1.2).

TABLE 1.2
FUEL CONSUMPTI ON IN A GA JOULES FCOR 1990

FUEL TYPE APPARENT CONVERSI ON APPARENT
CONSUMPTI ON FACTOR CONSUMPTI ON
(M) (GI/ M) (&)
Gasol i ne 87, 148 44. 80 3, 904, 203. 40
Ker osene 35, 726 44.75 1, 598, 738. 50
Jet Fuel 33,444 44.59 1,491, 267. 96
Gas oil 83, 021 43. 33 3,597, 299. 93
Resi dual Fuel G| 20, 255 40. 19 814, 048. 45
LPG 139 47. 31 6, 576. 09
Epﬁustrial di esel 169 40. 19 6, 792. 11
Tot al 259, 902 11, 418, 926. 44




The bulk of gasoline and gas oil are consuned in the
surface transport sub-sector, kerosene and LPG in the
househol d sub-sector, while industrial fuel oil, residua
fuel oil and a small proportion of gas oil are consuned in
the industry and conmercial sub-sector. Therefore, surface
transport (mainly road transport) is expected to be the
main contributor of CO fromfossil fuels.

Carbon emi ssion factors given in the IPCCs GHG Inventory
Wor kbook were used to calculate the carbon content of the
fuels (Uganda does not have her own country specific
val ues).

is assumed t hat

In the calculation for CO, emi ssions, it

99% of the carbon is oxidised. The carbon content for

each fuel type was then multiplied by the nol ecul ar wei ght

ratio of CO to carbon (44/12) to obtai CO; em ssions.

Estima-tions were made using the MNE Modul e (Tabl e

1.3).

TABLE 1.3
CO EM SSI ONS FROM PETROLEUM PRODUCTS
FUEL APPARENT EM SSI ON CARBON ESTI MATED
TYPE CONSUMVPTI ON FACTOR CON- EM SSI ONS
(&) (Kg &J) | TENT/ ACTUA (& )
L CARBON
EM SSI ONS
(=9

Gasol i ne 3, 904, 230. 40 18. 90 73.79 269. 85
Ker osene 1, 598, 738. 50 19. 60 31.18 113. 74
Jet Fuel 1,491, 267. 96 19. 50 29. 83 105. 50*
Gas Q| 3,597, 299. 93 20. 20 72.67 263. 77
Resi dual 814, 048. 45 21.10 17.18 62. 35
Fuel Ql
LPG 6, 576. 09 17. 20 0.11 0. 40
| ndustri 6, 792. 11 21.10 0.14 0.50
al Die-
sel Gl
Total CO, Em ssions fromfossil fuel conbustion 708. 61
(excluding jet fuel)

! MNERGG is a software package devel oped by | PCC OECD




1.3 GREENHOUSE GAS EM SSI ONS FROM STATI ONARY COVBUSTI ON

1. 3. 1Backgr ound

GHG emssions from stationary conbustion in Uganda
conprise the foll ow ng sources:

(i) Conbustion of petroleum products in households for
cooking and lighting (mainly kerosene and LPQ
and industries for process heat (residual fuel
oil and industrial diesel);

(ii)D esel (or diesel/fuel oil blend) conbustion for
el ectric power generation; and

(iii)Biomass consunption in households, the conmercia
sector and rural industries;

Due to the relatively low level of industrialisation in
Uganda, the mmjor em ssions are from fuel -wood conbustion
for donestic activities.

The following problens were encountered during data
collection, and sone of them may need further study to
resol ve them

They i ncl ude:

(i)Data on wood-fuel consunption could not be disag-
gregated into the wvarious sectors, although
attenpts in the "Background to the Budget
(1992)" (Mnistry of Finance and Economc
Pl anni ng Docu-nent) on disaggregation had been
made. The data set does not conply with the
recomendati ons of the National Bionmass Study,
(i.e. the total wood-fuel consuned is radically
different fromthe figure agreed on by the NBS).

It is therefore being further scrutinised.

(ii)No reliable information is available on consunption
of the various fuels in househol ds.

(iii)Data collection on the use of fuel oil in industries
is not conplete yet. The QG| Conpanies could
not, in nost cases, divulge information on their
sales to individual industries.

(iv) The Uganda Electricity Board (UEB), which has the
mandat e to register al | electric power
activities in Uganda, has records about its own
generators only. Records of inported generators
and other diesel driven stationary engines from



the Uganda Revenue Authority were of no help

ei t her, as no consunpti on figures wer e
available. It has, therefore, been difficult to
estimate total emssions fromthis type of fuel
conbust i on. Nevert hel ess, this consunption is
considered snall because nost of the other
generators are standby and operate on an adhoc
basi s.

1. 3. 2CGHG Emi ssions from Fuel Gl Conbustion in |Industry

Up to 1990 both residual fuel oil and industrial diesel
oil were being used for firing boilers and furnaces in
indus-tries in Uganda. However, since 1991 no nore
industrial diesel oil has been inported because of its
much higher cost. Most rural industries had also swtched
from furnace oil to firewod boilers due to costs. Dat a

obtained was only on residual fuel oil in sone of the
i ndustri es. More inventory on industries using fuel oil
is yet to be done. In this report data used was obtained

from the brewi ng, cenent, textile, tobacco, mlling and
paper industries, as indicated in Table 1.4.

The follow ng conversion and em ssion factors have been
used in the calculations (Ref. IPCC Inventory Reference
Manual ) :

Mass/ wei ght to energy: 40.19 I/ M
Vol une to wei ght: 0.91 x 10°° Tonnes/L

Em ssion factors:

Carbon : 21.1 kg d &

CH, : 0.7 9 &
CO .15 g/ &
NO« . 201 g/ &
N.O : Not avail abl e.

Em ssion estimates were calculated for the base year
of 1990.

Below is Table 1.4 which gives GHG Em ssion Estimates
from Fuel Ol Conbustion. These em ssions cover only
those industries surveyed.



10



1.3.3CGHG Emi ssions from Thermal Power CGeneration

Uganda's electricity is alnost exclusively produced from
Hydropower. The major power station at the Onen Falls Dam
is currently generating 160 MN wth an additional 6 MV
(approxi mately) generated by smaller stations (UEB). Qut
of this, 30 MNis for export, mainly to Kenya and the rest
for domestic use. The target is to produce 180 MW at the

current Omnen Falls Station (Power 11) while work on
anot her 200 MW plant has just started at the sanme place
(Power 111). Data obtained from UEB indicates that

thermal production of power in Uganda nmay be about 5 MN
only; <contributing less than 3% of the total power
generati on.

Data used here in emssions estimtes was obtained from
UEB for one year, covering the period Septenber 1992 to
August 1993. There was no organi sed consunption data for
the period before this.

The uncontrolled |evel of em ssions has been assuned and
estimated em ssion factors for heavy duty diesel engines
assuned. The generators use a blend of diesel and fuel
oil.

528,000 litres
459. 36 Metric Tonnes (M)
19904 I

Total di esel consuned

Total fuel Gl consuned = 8,820 litres

11



8.03 Mr
322.57 I

Due to the low fuel oil to diesel ratio (1.6% a total
activity of 20226.57 GJ has been assuned and the em ssion
factors applicable to diesel used for estimating em ssions

(Reference Table 1.5).

TABLE 1.5
TOTAL EM SSI ONS FROM UEB THERMAL GENERATORS
TYPE OF GAS EM SSI ON FACTORS EM SSI ON &g
(g/ M) Cor N
(60 73.3 1.483
N.O 0. 0019 0. 0000384
Co 0.51 0. 010
CH, 0.01 0. 000199
NO« 1.01 0. 0204
NWCC 0.18 0. 003583

TOTAL GAS EM SSI ONS ( Gg)

Not e: Consunption by the generators totalled approximtely
20, 226. 57 & of diesel.

1.4 ESTI MATI ON OF GHG EM SSI ONS FROM MOBI LE _COVBUSTI ON
1.4.1Mbbil e Conbustion Categories

12



Data was collected and analysis done on the follow ng
maj or categories of nobile conbustion:

(i)Road nobile wvehicles and off road agricultura
tractors;

(ii)Mtor boats;
(ii1)Qher unspecified nobile vehicles;
(iv)Loconotives; and

(v)Jet aircrafts and piston engine aircrafts.

There were, however, constraints in achieving the objec-
tives set - the chief anong themincl uded:

data was difficult to access;
non-avail ability of data,;
unrel i abl e data; and

limted literature;

Despite the above constraints, estinmates of em ssions have

been arrived at. As stated earlier, the basic [|PCC
net hodol ogy was used to estimate nobil e sources em ssions.

1.4. 2Em ssions _from Mtor Vehicles (Gasoline and D esel)

1.4.2.1 Dat a Sour ce:

The data used was obtained fromthe Transport Policy
and Pl anning Project (TPPP), Mnistry of Wrks,
Transport and Communi cati ons. Provi sional data of
TPPP has been used covering the year 1990. This is
the only source of this type of data in the country.
The sanme data is being used to evolve the transport
policy and pl anni ng gui del i nes.

1.4.2.2 Met hodol ogy

The vehicles are grouped according to their weight
and type of fuel consuned. It is also assuned that
the conbustion is uncontroll ed. Hence the em ssion
factors used are those of wuncontrolled conbustion.
There could also be inherent errors in using these
em ssion factors derived using USA st andards.

The raw data given was in kilonetres and fuel
consunption rate for each node of transport. The

13



| PCC net hodol ogy was used to determ ne the em ssions
content as displayed in Tables 1.6 to 1.7 bel ow

14



1. 4. 3EM SSI ONS FROM MOTOR BOATS

1.4.3.1 Dat a Sour ce:

The data used was obtained fromthe Depart ment of
Fi sheries, Mnistry of Animal |Industry and Fi sheries,
Ent ebbe.

Fi sheries Departnent provided the nunber of boats and
their respective horse powers. The horse powers
ranged from one to eighty-five. These boats are
found on Lakes Victoria, Al bert, George, Kyoga, and
Edward. This data does not include boats on snaller
| akes and rivers. There is a possibility that there
could be sonme notor boats not registered with the
Departnment of Fisheries especially those originating
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from nei ghbouring countries along shared | akes. A
sanple survey was conducted on four sites on |ake
Victoria with the users of notor boats. On the basis
of this survey estimates of fuel used and m | eage
covered for each notor boat were nade.

1.4.3.2 METHODOL OGY

The notor boats were grouped according to their horse
powers, taking into account the tinme they spent on
fishing trips. The emssion estimates were done
following the I PCC Procedure. Table 1.8 bel ow gives
t he notor boat categorisation.

TABLE 1.8
CATEGORI SATI ON OF MOTOR BOATS
HORSE POAER AVERAGE NO. OF | DI STANCE FUEL
CONSUVPTI ON | BOATS | TRAVELLED | CONSUVPTI ON
Kl LI TRE Kml PER DAY IN 1990
(LI TRES)
1 - 15 6 1378 18 1, 500, 910
16 - 30 5 327 36 859, 356
31 - 60 4 80 72 525, 600
61 - 85 3 28 120 408, 800
Tot al 3, 294, 666

The total annual fuel consunption of 3,294,666 litres
translates to 108,829 & of energy consunption (see
Table 1.9 bel ow).

1. 4. 4EM SSI ONS FROM L OCOVOT! VESE
Year 1990.
1.4.4.1 Dat a Sour ce:

The data used was obtained from the Uganda
Rai | ways Cor por ati on.

Data was extracted from the actual fuel consuned by
the |l oconotives. Data could not be obtained for fuel
consunption by small trains used for repair of rails.
For the purposes of emssion estimtes, fuel
consunmed by the small maintenance trains is assuned

2 It was found out that |oconptives did not cross national borders but

only the coaches were exchanged at the borders hence the issue
of bunkers fuels did not arise.
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to be insignificant; otherwise the rest of the data
is reliable.

1.4.4.2 VETHODOL OGY
As in previous estimations, the |PCC nethod for
nobi | e conbusti on was used. The total consunption of

2,533,969 litres was transfornmed into 90047 & of
energy consunption as displayed in Table 1.9 bel ow

17



1.4. 5EM SSI ONS FROM COVBUSTI ON OF FUEL FROM MARI NE VESSELS
1.4.5.1 Dat a Sour ce:

The data was obtained from the Uganda Railways
Corporation for the year 1990. It is to be noted,
here that fuel data for Uganda Railways Corporation's
ships was available. This fuel is consuned in Uganda
al t hough ships ply throughout the Lake Victoria zone
covering all the three countries (Uganda, Kenya and
Tanzania). This fuel data was not segregated enough
to i ndicate what percentage was used as bunker fuel.

18



1.4.5.2 METHODOL OGY

As in previous estimations, the |PCC nethod for
nobile source emssions was used to estimate the
em ssi ons. The total conbustion of 2.078 netric
tonnes was translated into 90,043 G of energy
consunption as displayed in Table 1.9.

1.4 6EMSSIONS FROM PISTON ENG NE Al RCRAFTS  (LOCAL
FLI GHTS

1.4.6.1 Dat a_Sour ce

The data was obtained from the Soroti Flying School
for 1990. These are the main operators of piston
aircrafts in the country. Most of their fuel, 47,600
litres, was supplied in druns to the School, while
about 10% of this was uplifted from Entebbe Airport
directly. The total anmount of fuel was 52,360 litres
which translates to 1740 & of energy consuned.
Em ssions estimates fromthis source are displayed in
Table 1.9.

1.4.6.2 Marqi n of Error

There are a few occasional flights by private fliers
bet ween Entebbe and Arua. This data could not be
obtained and is assuned to be insignificant. In view
of this, emssions estimates for local flights may be
slightly less than the actual figures by about 5% -
10%

1.4.6.3 METHODOL OGY

The sanme Methodology as for nobile conbustion was
used. The results are contained in Table 1.10.

1.4 7TEM SSIONS FROM Al RCRAFTS (JET ENG NES AND Pl STON
ENG NES) | FOR | NTERNATI ONAL ~ AIR  TRANSPORT

( BUNKERS)
1.4.7.1 Dat a_Sour ce

The data was obtained from CGvil Aviation Authority
and Uganda Airlines for the year 1990.

It is to be noted that em ssion factors have been
devel oped for nost comrercial aircraft types. These
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are expressed in terns of emssions per |anding and

take off cycle. One problem with these factors is
that they include only emssions in the immediate
vicinity of the airport. Em ssions wunder cruise

conditions are not included. According to |IPCC, data
on cruise emssions is being developed by the USA
Federal Aviation Admnistration and is not available
at this tine. The factors for jet turbine aircraft
were devel oped by Radian (1990) based on em ssions
from Platt and Witley JT-17 Engine. The em ssion
factors for small gasoline fuelled piston aircraft
were developed by Radian (1990) based on cessha
Engi ne.

1.4.7.2 METHODOL OGY

As in previous estimates the IPCC nethod for nobile
source em ssions was used to estimate the em ssions.
The total conbustion of 2,808 netric tonnes of jet
fuel was translated into 125,208.72 G of energy
consunption as displayed in Table 1.10; also 1411.2
metric tonnes of gasoline fuel was translated into
63221.76 G of energy consunption which is also
di spl ayed in Table 1.10.

1.5 COWARISON OF OGO EM SSI ON ESTI MATES BETWEEN THE PRI MARY
METHODOL OGY AND SECTOR ACTI VI TY APPROACHES

A conparison of emssions as derived from the sector
activity approach and prinmary nethodol ogy was done for the
secondary fuels. In the case of em ssions from petrol eum
and diesel there was a general agreenent between the two.
The conparison results are given in Tables 1.11 and 1.12
bel ow.

1.6 CO EM SSIONS ACCOUNTI NG FROM GASO L (TO COVPARE W TH BASE
YEAR 1990)

TABLE 1. 11

GASO L EM SSI ONS ACCOUNTI NG
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ACTIVITY PRI MARY METHCOD- ACTIVITY
OLOGY EM SSIONS | EM SSI ONS (&)
(G)
Total Em ssions from Gasoi l 263. 77 N A
Em ssions from Thernal Gen- N A 1.48
erators
Em ssions fromroad Trans- N A 238.51
port
Em ssi ons from Loconoti ves N A 6.78
Em ssi ons from Mari nes,
Vessel s N A 6. 97
Tot al 263. 77 253. 74

Em ssi ons unaccounted for are 10.3 Gg which is approxi-
mately 4% of the CO, Em ssions from Gasoil .

1.7 GO EMSSIONS ACCOUNTING FROM GASOLINE (TO COVPARE WTH
BASE YEAR 1990)
TABLE 1. 12
EM SSI ONS DUE TO GASCOLI NE
ACTIVI TY PRI MARY ACTIMI TY
METHODOLOGY EM SSI ONS ()
EM SSI ONS ( &g)
Total Em ssions from Gasoline 269. 85 N A
Em ssions fromroad Transport N A 245. 709
Em ssions from Mot or Boats N A 7.980
Em ssions from Pi ston N A 1. 2058
Aircrafts
Tot al 269. 85 254. 90
Em ssi ons unaccounted for are 15.05 Gy which is
approxi mately 6% of the CO Em ssions from Gasol i ne.
1.8 ACTIVITY EM SSIONS FOR OTHER FUELS

The other primary fuels utilised for energy are kerosene,
furnace oil, jet-fuel and fuel-oil. Unfortunately, the
utilisation of these fuels has not been disaggregated. It
is therefore not possible to estimte emssions from
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1.9

i ndi vi dual activities.
ESTI MATI ON OF GHG EM SSI ONS FROM Bl OVASS BASED FUELS
1.9. 1Dat a_Sour ces

Various data sources on wood-fuel utilisation are
scruti ni sed. These include the National Biomass Study
(on-going in the Departnent of Forestry) and publications

by:

UNDP/ Wor | d Bank (1990);

R A Pluntree and J. Carval ho (1991); and

P.C. Howard (1991).
It was found that there were significant variations in
these data sets. It was, however, decided that the
Nat i onal Bionmass Study Project offered the nost reliable
i nformation. The follow ng assunptions have been nade to
estimate wood-fuel utilisation.

The urban population, including those with facilities for
electricity/LPG use charcoal for donestic cooking.

Al'l rural people use firewood.

The percentage of urban people using other fuels (electri-
city/LPG is offset by that of rural people using
char coal .

1.9. 2Total Wod-fuel consunption

Uganda's per capita charcoal consunption is estimted at
150 kg (National Biomass Study, 1992) in urban areas,
while the wurban population is 1,882,600 (1991 National
Census). This brings total charcoal consunption (1991) to
282.39 Kilo tonnes (kt). On the other hand, per capita
consunption of air-dry biomass is estimated at 750 Kkg
(National Biomass Study, 1992). Uganda's rural popul ation
(1991) was estimted to be 14.7 mllion, bringing the
total consunption of firewood to 11,025 Kilo Tonnes (kt).
These figures are inclusive of dry-biomass wused in
bi omass burning industries, e.g. brick-making, jaggeries,
tea and tobacco curing, fish drying, etc.

1.9.3Wod to Charcoal Conversion factors

I n Uganda, wood conversion to charcoal is done through the
use of earth kilns. Sonme |imted surveys and estimates
have given conflicting figures on the efficiency of these
kKilns, in the range of 10 - 15% (by weight). On the other
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hand, the National Bionmass Study Team (1992) after con-
sidering a nunber of factors on the Uganda wood-to-
charcoal conversion scene, adopted an average conversion
factor from charcoal to air dry biomass of 6.6 (i.e.
approximately 15.2% wood to charcoal efficiency by
wei ght). The consunption factor of 6.6 has been used.

Total carbon released in conversion of wood to charcoal
was cal cul ated as fol | ows:

Produced charcoal = 282.39 kt.
Expansion factor = 6.6
Wod used for charcoal burning = 282.39 x 6.6
= 1863. 77 kt
Carbon content of wood = 0.3310 KT
Carbon content of charcoal = 0.8473
Carbon in wod = 0.3310 x 1863. 77 = 616. 90 kt
Carbon in charcoal = 0.8473 x 282.39 = 239. 27 kt
Carbon released in the conversion is therefore 616. 90
239.27 = 377.63 kt.

1.9.4EM SSI ON FACTORS AND ERROR VARG N

Country specific figures for the carbon content, nitrogen

content, C'N and N C rati os wer e det erm ned
experinental ly. These figures have been wused in the
em ssions calculations (Ref. Tables 1.13 and 1.16). It

should be noted that there is quite a wde range in both
the carbon and nitrogen contents. Both these figures have
been used in the determnation of the emssions to arrive
at a reasonable margin of error. It has been found that
the range is quite big, in excess of +/-20% for the tota
em ssions due to bio-fuels conbustion (see Chapter Seven
for details of study).
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TABLE 1. 13

CARBON RELEASED I'N WOOD FUEL COVBUSTI ON

TYPE OF TOTAL BURNI NG Bl OVASS C- CONTENT TOTAL C
Bl OVASS Bl OVASS EFFI Cl ENCY BURNED CF RELEASED
CONSUMED (9 (kt) Bl OVASS (kt)
(kt) Kg C Ton
Wod 11025. 00 87.0 9592. 00 0. 3310 3165.0
Char coal 282. 39 88.0 248. 00 0. 8473 211.0
Wbod bur ned 1863. 77 N A N A 377.63
to provide 1863. 77
char coal
Tot al 11703. 77 3753. 63
TABLE 1. 14
CALCULATI ON OF TRACE GAS EM SSI ONS FROM CARBON
EM SSI ON ESTI MATES FROM WOOD- FUEL
TOTAL C NI TROGEN | TOTAL N TRACE TRACE GAS | CONVER- | TRACE GAS
RELEASED CONTENT | RELEASE GAS EM SSI ONS SI ON EM SSI ONS
(kt) OF D(KT) |EMSSION| : (kt C FACTORS | (kt GAS)
Bl OVASS S RATIO OR N)
kgN Ton
3,165. 00 0.01 31. 65 16/ 12 42.198
(CH4) (CH4) (CH4)
0.10 316. 500 28/ 12 738. 489
(GO (GO (GO
0. 01475 47. 475 0. 007 0. 332 44/ 28 0.521
(N0 (N0 (NO)
0.1210 5.744 30/ 14 12. 308
(NGO (NOY) ( NOY)
NOTE: CO: C = 44:12.
Then, CO; em ssion is given by: 3,165.0 x 44/12 = 11, 605. 42 kt.
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TABLE 1. 15

CALCULATI ON OF TRACE GAS EM SSI ONS FROM CARBON
EM SSI ON ESTI MATES FROM CHARCOAL

TOTAL C | NI TROGEN | TOTAL N TRACE TRACE CONVER- TRACE GAS
RELEASED | CONTENT | RELEASE GAS GAS SI ON EM SSI ONS
(kt) OF D (kt) | EM SSION | EM SSI ON | FACTORS (kt GAS)

Bl OVASS S RATIO | S: (kt C
RN
211.0 0.0014 0. 295 16/ 12 0. 393
(CH4) (CH4) (CH4)
0. 060 12. 66 28/ 12 29. 539
(CO (CO (CO
0. 010 2.11 0. 007 0. 015 44/ 28 0. 023
(N0 (N0 (NO
0.1210 0 .255 30/ 14 0. 546
(NS (NOY) (NOY)
NOTE: CO: C = 44:12.
Then, CO, em ssion is given by: 211.0 x 44/12 = 773. 67 kt.
TABLE 1. 16
CALCULATI ON OF TRACE GAS EM SSI ONS FROM CARBON
EM SSI ON ESTI MATES FROM WOOD- FUEL FOR CHARCOAL
TOTAL C | NI TROGEN | TOTAL N TRACE TRACE CONVER- TRACE GAS
RELEASED | CONTENT | RELEASE GAS GAS SI ON EM SSI ONS
(kt) OF D (kt) | EM SSION | EM SSI ON | FACTORS (kt GAS)
Bl OVASS S RATIO | S: (kt C
R N)
377.63 0. 063 23.79 16/ 12 31.72
(CH4) (CH4) (CH4)
0. 060 22. 65 28/ 12 52. 86
(CO (CO (CO
0. 01475 2.43 0. 007 2. 64 44/ 28 4.15
(N0 (N0 (N0
0.1210 4. 569 30/ 14 9.79
(NG (NGO ( NOK)
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NOTE: CO: C = 44:12.
Then, CO, em ssion is given by: 377.63 x 44/12 = 1384.64 kt.
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1.9.5 EM SSI ONS FROM BAGASSE

Bagasse is used to fire boilers to produce process heat in the
two operational sugar industries, i.e. Sugar Corporation of
Uganda Limted (Lugazi) and Kakira Sugar Wirks (Jinja). Dat a
on bagasse consunption was obtained from these two sugar
i ndustri es. The third industry, Kinyara Sugar Wrks, is not
yet operational and is awaiting rehabilitation.

The CO» em ssions have been estinmated using the | PCC nodul e for
the years 1988 - 1992. The result obtained was 31.82 kt of CO
for 1988 wusing the |PCC default values. This result was
checked by ordinary calculation wusing the bagasse to CO
Nati onal conver-sion figure of 75.2% as determned by the
Sugar Corporation of Uganda (SCOUL). The result was 32.09 Kkt
of CO, which conpares very well wth the |PCC nethodol ogy
result. For the base year 1990, the two results were 75.97 Kkt
and 76.59 kt respectively.

Table 1.17 shows GHG em ssions from bagasse conbustion. I t
can be seen that the proportion of CO em ssions from bagasse
was only 0.57% of the total bio-fuels CO em ssions.
Considering that there is a margin of error of +/-20% in
em ssion estimtes, the results from bagasse may not be worth
consi deri ng.
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The Table 1.17 bel ow shows GHG Em ssi ons from Bagasse.

TABLE 1. 17
GREENHOUSE GAS EM SSI ONS FROM BAGASSE COVBUSTI ON
YEAR TOTAL BURNI NG Bl OVASS CARBON TOTAL CARBON NI TROGEN TOTAL NI TROGEN
BAGASSE EFFI Cl ENCY | BURNED I N CONTENT RELEASED BY CONTENT OF RELEASED FROM
BURNED % kt BAGASSE BAGASSE kt BAGASSE BAGASSE kt
1988 42. 67 90 38. 4 0. 226 8.679 0. 01475 0. 566
1989 89. 22 90 80. 3 0. 226 18. 147 0. 01475 1.184
1990 101. 86 90 91. 67 0. 266 20.72 0. 01475 1.352
1991 127.93 90 115. 14 0. 266 26. 02 0. 01475 1.698
1992 173. 71 90 156. 34 0. 266 35. 33 0. 01475 2. 306
TABLE 1. 17 " CONTI NUED"
YEAR CH, RELEASED | CO RELEASED | NoO RELEASED | NOX RELEASED | CO2 RELEASED TOTAL MASS OF ALL GASES
I N Kkt I N Kkt I N Kkt I N Kkt I N Kkt RELEASED FROM BAGASSE ( kt)

1988 0. 0868 0. 0868 0. 0039 0. 068 31. 82 33.11

1989 0. 1815 1.815 0. 0083 0.141 66. 54 69. 86

1990 0. 207 2. 07 0. 0095 0.162 75. 97 *79. 77

1991 0. 260 2.6 0. 0119 0. 203 95.41 99. 92

1992 0. 353 3.53 0.016 0. 275 129. 54 135. 67
NOTES: * |n 1988, only the Sugar Corporation of Uganda, Lugazi (SCOUL) burned bagasse to the tune of

D Tonnes. From 1989 onwards, both SCOUL and Kakira Sugar Works burned bagasse as indicated above.
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1.9.6 EM SSI ONS FROM OTHER Bl OVASS

In Uganda, other types of biomass conbusted for energy include
agricultural wastes and biogas from cow dung. The statistics on the
former are not avail able. Al t hough several small projects in bio-gas
technol ogy have been initiated, it is not likely that nore than ten
digesters are in full time operation. Mor eover, those in operation
woul d conmbust nost of the CHs produced, with insignificant amounts of CO
rel eased into the atnosphere. A small armount of CHs, nay get lost into
t he at nosphere.

Summary of total em ssions from bio-fuels with error nargins. Bagasse
em ssi ons have been excluded in view of the error limts.

COh .. 12,973 kt +/-20%

CHy ..o 56 kt +/-45%

CO ... 790 kt +/-40%

NO oo 0. 57 kt +/-50%

NOK oo 13.5 kt +/-45%

The summary of results is given below in the Mninmum Data Tables 1 A
(Part 1 to 3) and 1 A 8.
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CHAPTER TWOCHAPTER TWO

GHG EM SSI ONS FROM | NDUSTRI AL PROCESSES. GHG EM SSI ONS EROM
| NDUSTRI AL PROCESSES

2.1 CENMENT

Uganda has got two Cenment Factories - Tororo and Hi ma. The
followng report is from available information obtained from the
two factories and also from the Headquarters of the Uganda Cenent
I ndustry in Kanpal a. The Uganda cenent |Industry co-ordinates
national cenent production and inportation. Records were also
obtained fromthe 1993 budget survey fromthe Statistics Departnent
based i n Ent ebbe.

2.1.1 Tororo

Tororo Cenent Factory has an installed capacity of 150,000 tonnes
annual | y. By 1969 the factory was producing above capacity at
170, 224 tonnes per annum However, production started declining
significantly from 1973 when production dropped to about 45% of the
installed capa-city and reached the | owest |evel since installation
of about 4% during the civil war of 1979. Since then production
has fluctuated from about 9% to 3% of the installed capacity. The
1993 production was only about 3%

2.1.2 H ma
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TABLE 2.1
ANNUAL CEMENT PRODUCTI ON FI GURES BASED ON FACTORY RECORDS

YEAR TORORO HI MA TOTAL CO, ERROR

FACTORY FACTORY MARG N

TONNES TONNES TONNES TONNES
1988 5,718 9, 842 15, 560 7, 756 +/ - 4%
1989 11, 223 5,577 16, 800 8,375 +/ - 3%
1990 8, 903 22,014 30, 917 15, 412 +/ - 14%
1991 6, 341 25, 097 31, 438 15,672 +/ - 15%
1992 4,841 43,978 48, 819 24, 336 +/ - 25%

2.1.3 Conversion Factor

The conversion factor used to convert from tonnes of cenent to
tonnes of CO is 0.4985. This arises out of taking the pure line
conversion factor as 0.785 and an average |inme cenment content of
63. 5% as recommended in the | PCC guidelines.

2.1. 4 Error Marain

Error margin
= Factory figures - Headquarters figures

1/ 2(Factory figures + Headquarters figures.)

The error margin is calculated using the difference in the figures
as given at the factories and as recorded at the Uganda Statistics
Department, Entebbe and published in the annual budget survey
bookl ets. The 1993 budget survey booklet was used to get historic
data for the cal cul ations. Except for 1989, the figures reported
in the budget survey booklet were Ilower than those obtained
directly fromthe factories.

The error margin, according to the figures for the years 1988 -
1991, ranges from 3 - 15% as shown in the above Table, the figure
of 25% for 1992 seens to be due to inconplete returns at the
Statistics Departnent.

LI ME

Data on linme production was obtained from the Cenent Factories and
the privately operated kilns around Tororo and Hi na.
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2.2.1 Tororo Area

The Tororo Cenent Factory was producing linme in addition to cenent
but production ceased since 1988. Lime production at the factory
reached a peak in 1970 when production was about 19,000 tonnes but
this dropped to zero in 1976 due to lack of charcoal. As a result
of the Cenment Factory ceasing |ime production, |ocally operated
kil ns emerged, using firewod as fuel and presently 15 of them are
oper ati ng. Production fromthe kilns is not well known since each
i ndi vidual one operates al nost independently with production being
very much influenced by demand.

Estimate of |inme production from the private kil ns:

(1) Estimated weekly kil n production = 20 tonnes.
(1) Estimat ed production per kiln for three working weeks of
the nonth = 20 x 3 tonnes
(rii) Estimated nonthly production for the 15 kilns = 20 x 3 x
15 tonnes
(1v) Estimated annual production for eight working nonths =
20 x 3 x 15 x 8 tonnes = 7,200 tonnes
(1) CO, released assuming CaO content of about 56% and a
conversion factor of 0.785, i.e. = 7,200 x 0.56 x 0.785 =
3,165 tonnes
2.2.2 LI ME PRODUCTI ON I N KASESE DI STRI CT
There are three main centres of line production in the Kasese
District:
(1) At H ma, Kilenbe Mnes Linme Wirks where the |ine produced
contains 57% pure CaO.
(1) At  Equator Lime Conpany Limted, the |I|inme produced
contai ns 55% pure CaO
(rii) At NEC Linme, Dura Limted the linme produced contains 57%
pure CaO.
Table 2.2 below gives annual CO2 emssions due to line

producti on.

TABLE 2.2

(PURE CaO - CO, EM SSI ONS DUE TO LI ME PRODUCTI ON
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2.

YEAR H VA EQUATOR NEC LI ME LI ME TOTAL 00}
LI ME LI ME TONNES

TONNES TONNES TONNES TONNES TONNES
1988 465 - - - 465 367
1989 705 - 10, 260 4,032 14, 997 11773
1990 876 - 30, 780 4,032 35, 688 28, 015
1991 677 247.5 61, 560 4,032 66, 517 52,216
1992 1259 27.5 68, 400 4,032 73,719 57,870

Conversion factor for lime = 0.785
2.2.3 LI ME PRODUCTI ON I N OTHER AREAS OF THE COUNTRY

3

There are other secondary areas of |ine production to the south-
western and north-western areas of the country which were not
visited due to |limted time and resources. These are estimated to

contribute 10% - 20% of the national |ine production.

FOAM MATTRESS | NDUSTRI ES

The process of foam making is sunmmari zed as foll ows:

Pol yol )
H0 )
Am ne ) m xed in one tank
Silicon )

St annat e-octate )

Tol uene -

These two tanks are progranmed to
into a shaped container
form ng foam which takes the shape of

D -1socyanate (TDI)

where the chem cal

rel ease cal cul ated proportions
take place
During the

reacti ons carbon dioxide is al so rel eased.

The Vitafoam Factory,

Jinja gave an enpirical

is contai ned in anot her tank.

reacti ons
the container.

conversion factor

8% of the weight of the raw materials used as the anobunt of CO
rel eased. Since the production processes in the other factories is
simlar this conversion factor has been used for all the foam

factories in the country.

Tabl e 2.3 below, gives the anobunt of raw nmaterials used in tons and

correspondi ng amount of CO rel eased:

TABLE 2.3

CO, EM SSI ONS DUE TO FAOM PRCDUCTI ON
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YEAR VI TAFORM UGANDA FOAM NEC FOAM TOTAL CO,
| NDUSTRY | NDUSTRY | NDUSTRY ( TONNES)
( TONNES) ( TONNES) ( TONNES) ( TONNES)
1988 410 475 33 918 73
1989 510 475 33 1,018 81
1990 370 475 33 878 70
1991 460 475 33 968 77
1992 390 475 33 898 71

It is estimated that 8% of the weight of the raw materials used is
rel eased as CO,.

2.4 METHANE PRODUCTI ON
There is no industry producing significant anmounts of nethane.

A Summary of the results is given below in the Mninum Data Table 2
- Industrial Processes.
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CHAPTER THREECHAPTER THREE

GHG EM SSI ONS FROM SOLVENTS. GHG EM SSI ONS FROM SOLVENTS
3.1 PAINT

Data of paint production has been collected from several paint
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produc-tion factories and also from the Budget Survey Reports.
Paint which is locally produced is not adequate for the nationa

demand and to make up for this national demand sonme paint is
inported mainly from Kenya and other countries. The figures of
paint inported during 1993 was got from the Uganda Revenue
Aut hority offices. Using data from these sources, Table 3.1 bel ow
was conpiled for paint consunption.

TABLE 3.1 - PAINT CONSUMPTI ON I N 1993

Actual Production (1000 Litres) 672.5
Capacity utilization (% 15.6
Installed capacity (x 1000 litres) 4,311
Pai nt inported (x 1000 litres) 824.5
Total consunption (x 1000 Litres) 1,497.0

It was not possible to sub-divide the paint consunption into the
vari ous categories as proposed in the IPCC OECD Cuidelines due to
lack of data. It was therefore assuned that all the paint that is
produced locally and that which is inported is consuned. Due to
lack of local emssion factors for Uganda, the em ssion factors
from CORINAIR, on the basis of the EEC reports (1991 - 1993) as
gquoted in the Final Report of the study for Poland were used in the
estimation of NVMXCs only.

3.2 PERCHL OROETHYL ENE

Most of the Dry Ceaning Conpanies and Hotels in the three main
urban centres of Kanpala, Jinja and Entebbe were visited and data
on consunption of dry cleaning agent were coll ected. From this
survey, Table 3.2 below on consunption of Dry C eaning Agents, was
conpi | ed.

TABLE 3. 2: 1993 CONSUMPTI ON OF DRY CLEANI NG AGENT

aTY AMOUNT X 1000 LI TRES
Kanpal a 50
Jinja 23. 4
Ent ebbe 15.8
Tot al 89.2

3.3

Again using the default values from the CORI NAIR as already quoted
above, the em ssion of NWOQCCs was esti mated.

CARBON TETRACHLORI DE

From a report of a UNEP Sponsored National Case Studies on Ozone of
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1993, small quantities of tetrachloride were found to be
inported for use as solvents, mainly in |aboratories. The users of
car bon tetrachl ori de identified t hr ough survey wer e
Universities, School Laboratories and textile industries. The
total inport | ess than ton per year. This source was

t herefore

i ngor ed.

Tabl e

below, therefore, gives the

estimates of NWQOCs eni ssions fromthe use of sol vents.

TABLE 3. 3: NWOC EM SSI ONS FROM SCLVENCY

SURFACE USE KT EM SSI ON &g EM SSI ON FLOOR
Pai nt 1.87 0. 935 . 500
Dry d eaning 0. 071 0. 057 . 800
Tot al 0. 992

3.4 CONCLUSI ON

A nore detailed survey and data collection should be carried out in
the future which will make it possible to divide the sources in the
categories proposed in the |IPCOOECD guidelines and also to
determ ne country specific em ssion factors.
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CHAPTER FOURCHAPTER FOUR

4. GREENHOUSE GAS (GHG) EM SSI ONS FROM . GREENHOUSE GAS
(GHG) EM SSI ONS FROM

AGRI CULTURE AND SAVANNA BURNI NG

4.1 METHANE EM SSI ONS FROM LI VESTOCK
4.1.1 BACKGROUND

O donesticated animals, rumnant aninmals (cattle, buffalo sheep,
goats and canels) are the mmjor source of nethane em ssions wth
cattle being the nost inportant source globally.

Met hane is produced as part of the normal fernentative digestive
process of aninals. Rum nant aninmals are characterized by a |large
"fore-stomach"™ or runen. Wthin the runen mcrobial fernmentation
breaks down feed into soluble products which together with the
digestion products are utilized by the aninmal. The m crobi al
fermentation that occurs in the runmen enables rumnant aninmals to
digest conplex plant carbohydrates which nonogastric aninals
i ncl udi ng humans cannot di gest.

Met hane is produced in the runmen by bacteria as a by-product of the
fermentation process. This nethane is eructated and exhal ed by the
ani mal .

There are a variety of factors that affect methane production in
rum nant animals based on the scientific information avail able such
as the physical and chem cal characteristics of the feed; the
feeding level and schedule; the mcrobial mx wthin the runen
including the population densities of protozoa; the use of feed
additives to pronote production efficiencies and the health and
activity of the animal. O these factors, the feed conposition and
characteristics and feeding | evel have the nost influence.

4.1.2 EM SSI ON | NVENTORY METHOD

In order to estimate em ssions of nethane from livestock, the OECD
(1991) Report recommends the follow ng steps:

(a) Enunerate the nunber of animals by species.

(b) Characterise the population of each animl species and divide
the population into reasonably honbgeneous categories, e.g.
age, size, feeding and production |level; and mnagenent
system

(c) Estimate nmethane em ssion factors for each category of aninal
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by:

(1) estimating the animal feed energy intake for each
ani mal representative of the category.

(1) estimating the portion of the feed energy intake
that will be converted to nethane.

(rii) estimating the emssion factor by nultiplying the
feed intake by the portion of the feed energy
converted to net hane.

(d) Estimate total nethane em ssions by multiplying the em ssions
factor by the nunber of animals for each category and sunmm ng
across categori es.

4.1.2.1 Enuner ati on

The National Census of Agriculture and Livestock was undertaken as
a joint effort between the Governnent of Uganda, UNDP as the
funding agency and FAO as the executing agency in 1990 - 1991.
(Vol 1 Methodol ogy of Census). However, the main |ivestock area of
Karanbja and districts of @lu, Kitgum Kum and Soroti were
excluded due to the then prevailing insurgency in the region.
Kanpala District which is predomnantly urban was also excluded
from the census coverage. The National Census gave the cattle
nunbers as 4.332, 4.560, 4.800 mllion for 1988, 1989, and 1990
respectively. According to FAO AGROSTAT P however, the cattle
position stood as 4.26 mllion mninmm and 4.738 mllion nean in
1988 with a national herd growth of 5%

The projection therefore would give cattle nunbers as indicated
bel ow.

M ni num Mean
1988 - 4.260 mllion 4.734 mllion
1989 - 4,473 mllion 4.975 mllion
1990 - 4.699 mllion 5.224 mllion
1991 - 4.932 mllion 5.485 mllion

Projection for other donmestic aninals were as follows in mllions:
Year Sheep CGoat s Pi gs Poul try
1988 0.74 3.1 0.90 11.1

® The FAO AGROSTAT PC is a statistical Package which gives
figures of production and consunption
for the whole world, country by country
and sub-sector by sub-sector in the
fields of livestock, crops and fish-
eries.
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1989 0.79 3.5 0.77 12.3
1990 0.84 3.8 0.76 13. 7
1991 0.9 4.1 0. 80 15.2

4.1.2. 2. Donestic _Ani nal s Cat eqgorisation

Uganda's National herd nmainly conprises of indigenous cattle. The
average mature weight is 220 kg and the average m |k production is
two litres per day (source, Mnistry of Agriculture, Animal
I ndustry and Fi sheries).

4.1.2.3 Estimati on of Met hane Eni ssion Factors

Efforts are being made to get country specific factors required to
determ ne nethane em ssion factors of Uganda cattle. This report
contains default factors which will be replaced as soon as country
specific factors are determ ned. The nmethod of determning the
nmet hane em ssion factors is outlined in Section 4.1.2.

4.1.2.3.1 Feed | ntake Level

Estimate of daily feed intake as a percentage of |ive weight
using the OECD (1991) nethod for cattle consumng straw wth
50 percent digestibilities are given as foll ows:

100 kg live weight: 2.2 percent of |ive weight
200 kg live weight: 1.9 percent of |ive weight
300 kg live weight: 1.9 percent of |ive weight
400 kg live weight: 1.6 percent of live weight

Assum ng that Uganda's national sward is also of 50 percent
digestibility and taking the average |live weight to be 220 kg,
the average daily feed intake should be 1.9 percent of 220 kg
per animal which is close to 4 kg. Because the cattle that
consune nostly low quality forage in tropical regions have
relatively low rates of growmh and m |k production, estinmates
of the efficiency of energy retention for growh or mlk
production do not contribute significantly to the estimate of
total feed intake. Using nore recent work perforned in
Australia, the followng activity factors are recomended for
the energy required for grazing (Mchael J. Gbbs, et a
1993).

Confined Animals (pens and stalls); no addition NEnm

Ani mal s grazing good quality pasture; 17 percent of NEm and
Ani mal s grazing over very |large areas 37 percent of NEm

where NEm is the net energy required for nmaintenance in
Megaj oul es ( M/ day).

Uganda's cattle fall in the category of grazing over very
| ar ge areas.
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NEm is estimated by the following equation: NEm (M)/day) =
0.322 x (weight in kg)%"

NEm (MJ/ day) = 0.322 x (220)%7° = 18.4

Because of grazing over very l|large areas 37 percent of NEm
will be required which is 37 x 18.4 = 6.8 M/ day

100

Total net feed energy required wll be 18.4 + 6.8 = 25.2
Ml/ day.

The gross-feed energy intake is estimated from the net-feed
i nt ake above, using the follow ng equation:

GE = [{NEn + NE}/NE/ DE + NE/ ( NEy/ DE)]/ DE% 100

Wer e:
CGE = G oss-feed energy iIntake

NEm = 18,4 M)/ day, Net energy required for
mai nt enance

NE;r = 6.8 MJ/day, Net energy required for grazing
NE/ DE = 0.298 + 0.0035 x DE%

DE = 60% (default val ue)

Therefore: NE/DE = 0.508

NE; = Net energy required for growth (negligible)

Ther ef or e, i gnoring t he term NEg, t he above
equation gives: GE = 87.18 M/ day.

4.1.2.4 Conversion of feed intake to nethane

CECD (1991) reconmmends the statistical relationship deve-loped by
Bal axter and C appeton (1965) to estimate the portion of feed
intake that will be converted to nethane in well balanced forage
diets and mxed with forage/grain diets as found in tenperate
agriculture systens.

To sinplify matters sonewhat for poor quality tropical agriculture
diets, a general assunption that 6.0 percent of feed energy is
converted to nethane is used.

Ther ef or e:

6.0 x (84.19) = 5.05 M)/ day gives the energy
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............. converted to nethane.

The Methane Emi ssion factor in kg/head/year is therefore estimted
as.

4.96 Ml/day x 365 days = 1810.6 M/ head/year. 55.65 M} is
equivalent to 1 kg of CHs

Therefore, 1810.6 x 0.018 = 32.59 kg CH4/ head/ year.
4.1.3 METHANE EM SSI ONS FROM RUM NANT AND PSEUDO RUM NANTS

The sinple nmethod based on emssion factor per aninmal has been
adopted here. An Em ssion factor for cattle in Uganda has been
cal cul ated as above. Em ssion factors as calcula-ted by Crutzen et
al (1986) from nean animal nasses and nean intake of feed will be
used for goats, sheep and pigs. (See Table 4.1 bel ow).
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4.

2

METHANE EM SSI ONS FROM LI VESTOCK NMANURE

4.2.1 BACKGROUND

Manure is primarily conposed of organic nmaterial and therefore the
potential for methane em ssions is great. The portion of this
em ssion potential which is actually realised is a function of the
manur e nmanagenent system  Anaerobic conditions will result in nuch
met hane production whereas nmanure kept in contact with oxygen (e.g.
spread on fields) produces Ilittle amunts of nethane. O her

princi pal determ nants of nethane production from |livestock manure
are characterisation of the manure and the climate (G bbs MS., et
al 1993).

Uganda's national herd mainly conprises of indigenous cattle and
t he manure nmanagenent systemis by deposits on pastures and ranges.
The exotic cattle population is considered insignificant conpared
to the indigenous cattle. The conposition of Iivestock manure
which is primarily a function of the animal species and diet,
determ nes its nmaxi mum net hane produci ng capacity. In the tropics
cattle are mainly fed on roughage diet which wll produce |ess bio-
degradabl e manure containing nore conplex organic substances such
as hem-cellulose, cellulose and Ilignin. On the other hand
however, because of |ess digestibility of the pastures, cattle wll
take in a |l ot and produce nuch manure.

The climatic paraneters |like tenperature and rainfall wll affect
both the rate and total anmount of methane production in manure. A
warm and noi st environnment pronotes nethane production. Uganda
whose annual rainfall varies between 2500 nm -700 mm and nean
maxi num tenperature 30°C - 25°C has favourable conditions for
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met hane production from aninal manure although the nmanure
managenent system produces m ni mal em ssions

4.2.2 METHODOLOGY FOR ESTIMATING EM SSIONS FROM LI VESTOCK
MANURE

The major steps of the nethodol ogy recommended in the CECD (1991)
Report are as foll ows:

(1) Estimate the anount of volatile solid produced for each
animal type (VS) using published statistics on aninal
popul ati ons, aninmal sizes and manure generation rates.

(i) Estimate the nmaxi num nethane producing capacity for the
manure from each ani mal type (Bo).

(rii) Define the manure managenent systens in use and for each
systemestimate its methane produci ng potential (MCF).

(1v) Estimate mnmethane emssions for each animal type and
manure managenent system (TM by multiplying the anount
of volatile solids produced by the animal type (VS) by
the nethane producing capacity of the manure Bo and by
the nethane producing capacity potentials of the manure
managenment system ( MCF).

(v) Total nethane emssion will be the sum over all animls
types and all manure systens.

4.2.3 Cal cul ation of Eni ssions

Total Methane em ssions for each animal type for one year may be
calculated wwth the follow ng fornmula recormended by OECD 1991.

TM= VS x Bo x MCF x 365 x Density of CHi/ 10°
Density of Methane = 0.662 kg/nt.

The estimates of VS, Bo, MF were recently nodified by the US
Envi ronnent Protection Agency EPA 1993 (G bbs MJ. et al 1993) -see
Tabl e 4.2 bel ow.

Omng to lack of country specific data for those paraneters, the
EPA nodified estimates will be used.

For Waste Production in cattle, the Tanzania figures, where experi-
ments have been carried out, wll be used since they are nore
representative of the region. These figures are given in the
Tanzania prelimnary report on sources and sinks of greenhouse
gases.

TABLE 4. 2
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DESCRI PTI ON

CATTLE SHEEP GOATS Pl GS POULTRY
VS kg/ head/ day 1.7 0. 37 0. 49 0.41 0. 02
Bo(n? CHi/ kg VS) 0.10 0.13 0.13 0. 29 0.24
Manur e Manage- Past ure PRP PRP Solid PRP
ment System Range and St or age

Paddock and Dryl ot

( PRP)
MCF at 30° 2% 2% 2% 5% 2%
MCF at 20°C 1. 5% 1.5% 1.5% 1.5% 1.5%

Usi ng the ani nmal

popul ation figures given in 1.2.1 and MCF at 30°C,

the foll owi ng em ssions were obtained - see Table 4.3 bel ow.
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In the final draft of G eenhouse Gas I|Inventory workbook, the Manure
Managenment Em ssions Factors are given as:

kg/ head/ year

Sheep 0.21
Goat s 0. 22
Poul try 0. 023
Cattle 1.00
Pi gs 2.00

These figures are for developing countries with warm clinates.
Conparing the em ssions using the default em ssion factors and the
em ssions as conputed above for 1990 (nean).

DEFAULT COMPUTED
Cattle 0.005 Tg 0.00385 Tg
Sheep 0. 00018 Tg 0. 00019 Tg
Poul try 0. 00032 Tg 0.00039 Tg
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4.3

Goat s 0. 001 Tg 0.00177 Tg
Pi gs 0.0015 Tg 0.00109 Tg

The results are conparable.

METHANE FROM RI CE PRODUCTI ON

4.3.1 Backagr ound

O the wide variety of sources for atnospheric CHi;, rice paddy
fields are considered an inportant source because of the recent
increase in their harvested area in the world. There are |arge
tenporal variations of CHs fluxes at various |ocations of the world.
The fluxes differ markedly with soil type, application of organic
matter and mneral ferti-lizer. The wide variations in CHs fluxes
also indicate that the fluxes are critically dependent upon several
factors including climate, characteristics of soils and paddy and
agriculture practices.

The Intergovernnental Panel on Cinmate Change estimated the gl obal
em ssion rate from paddy fields to be ranging from 20 -150 Tg/year
with an average of 60 Tg/year. This is about 5% - 30% of the total

em ssions from all sources (Katsuyuki M nam 1993). Thi s
significant percentage necessitates investigating em ssions from
ri ce paddies. The distribution of the harvested area of rice in
the world is as follows:

Asi a 129.011 x 10° ha

Areri ca 9.609 x 10° ha

Africa 4.755 x 10° ha

Rest 1.156 x 10° ha

Africa's harvested area is 3.3% of the world' s (Katsuyuki M nam
1993).

4.3.2 R CE GRON NG | N UGANDA

Paddy Rice is grown in reclained swanps. Uganda has a swanp area

of about 520,000 hectares. Paddy rice is mainly grown in two

districts nanely Iganga at Kibinba R ce Schene and Tororo at Doho.
(Nkal ubo M S. Z. 1990).

@Qulu District grows mainly upland rice. At Kibinba Rice Schene

about 520 hectares are wunder rice cultivation. Two crops are
planted a year; the first crop planted during February/March is
harvested in June/July. The second crop planted during August/
Septenber is harvested in Decenber/ January. The type of rice

grown is Indica varieties K23 and K264 in the l|ocal coding. Al

the breeds are inported mainly from Philippines. The cultivation
period is 120 days and the active flooding period is 90 days.
Water supply for the crop is by irrigation which is supplenmented by
the seasonal rainfall (1400 mm per vyear) which cones in two
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seasons, March - May and Septenber - Novenber. Flash irrigation is
done at germ nation. Two-three weeks after germ nation permanent
flooding is done with flood depth being increased with growth of
the rice up to a maximum of 10 - 15 cm The area of paddy rice
harvested in 1990 in all districts was given as 40349 ha and 7101
ha for upland rice growm in GQulu (source Mnistry of Agriculture
Monthly Reports). In 1991, there was 5.5% increase in the harves-
ted area to 51934 ha; with 32904 ha under paddy rice and 19030
under upland rice.

4.3.3 RECOMVENDED  METHODOLOGY OF CH4 EM SSION  FROM RICE
Cul tivation

Base year: 1990 as average over 1990 - 1991.

Area of rice under flooded region A(nf.

Eni ssion factor for flooded condition E(Tg/nf/ day).

Nunber of days under cultivation (season |ength) = D(days/year).
Cal cul ate flux (flooded) = A x B x C.

Area of rice under flooded regines for the two crops in the year
for 1990 is 40349 ha.

Em ssion factors for flooded conditions are obtained from flux
stan-dards corrected for tenperature as given by Katsuyuki M nam
1993 who divided the world's harvested area of rice paddies into 12
Climatic regions. Uganda fits better in the Ml ay-Northern Borneo
Regi on which has a tenperature of 27°C and a mninmum flux of 0.25
g/ nf/ day and a maxi mum of 0.82 g/ nf/ day.

Nunmber of days under cultivation is 120.

Low Estimate for 1990

CHs & = (Area in hectares x Nunmber of days/year (when flooded) x
Emission factor 10°nf/hectare x 10°% = 40,349 hectares x 120
days/year x 0.25 g/nf/day x 10*nf/ hectares x 10°° = 12.129.

Low estimate for 1991

= 32,904 hectares x 120 days/year x 0.25 g/nf/day x
10*nf/ hectares x 10°° = 9. 907.

Average Low estimate = 11.018 & CHs
Hi gh Estimate for 1990

CHs Gy = 40,349 hectares x 120 days/year x 0.82 g/nf/day x
10*nf/ hectares x 10°° = 39.693 Gy CHs

Hi gh Estimate for 1991
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4.4

= 32,904 hectares x 120 days/year x 0.82 g/nf/day x
10*nf/ hectares x 10°° = 32.413

Average Hi gh Estimate = 36. 053 & CHi.
The 1 PCC Final Draft G eenhouse Gas |nventory Wrkbook, Volune 2

gives default activity data for harvested rice throughout the
wor | d. The default figures given for Uganda, however, differ from

those used in this report. Since the figures used in this report
are country specific neasurenents by the Mnistry of Agriculture,
Ani mal  Industry and Fisheries, they should be considered nore
accurate.

NI TROUS OXI DE EM SSI ONS FROM FERTI LI ZER USE
4.4.1 FERTI LI ZER CONSUMPTI ON | N UGANDA

The majority of Uganda farners, except for large estates |ike sugar
and tea, have not taken use of fertilizers seriously. The ot her
inportant crop to use fertilizer (Urea especially) is pineapples.
O herwise the overall national demand is |low hence its supply is
also low (Mnistry of Agriculture, Animal Industry and Fi sheries).

Up to 1975, the country had the capacity to produce phos-phate
ferti-lizers. Now fertilizers cone into the country through
donations and by direct inportation through Bank of Uganda.

Because agricultural activities fluctuate from year to year due to
economc, climatic and other variables, em ssion estinmtes based on
a specific year of fertilizer consunp-tion data could result into
m srepresentative estimtes. |PCC CECD net hodol ogy recommends t hat
an average of three years of fertilizer consunption centred on 1988
can be used. The data of fertilizers used in 1990 - 1992 is given
in the Table 4.4 bel ow.

TABLE 4. 4
ANNUAL FERTI LI ZER USE ( METRI C TONNES)

YEAR NPK UREA CAN ASN
1990 500 150 N A 20
1991 620 200 10 N A
1992 1880 N A N A N A
TOTAL 2920 350 10 20
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Aver age 973 180 10 20

wher e:

NPK - Ni trogen Phosphorous Potassium
CAN - Cal ci um Ammoni um Nitrates

ASN - Ammoni um Sul phate Nitrate

N A - Not avail able

4.4.2 NoO Eni ssi on Met hodol ogy

The CECD (1991) nethodol ogy is based on the anount of each type of
fertilizer consuned and nitrogen content. An em ssion co-efficient
for the fraction of applied N that is released as NoON for each
fertilizer type, and a factor used to convert the em ssions for NO
N to N2O should be determined. The em ssions of NbO- N are estinmated
for each fertilizer type, summed over all types and then converted
to units of NO

NoO Emi ssions (tonnes NbO-N) = Summation (Fr X Ef)
where F = Annual Fertilizer Consunption (tonnes N)

E = Em ssi on Co-efficient (tonnes N.O- N) rel eased/
(tonnes N applied).

f = Fertilizer type

NoO Emi ssions (tonnes NbO) = NbO-N Em ssions (tonnes NoO-N) x 44/ 28.

4.4.3 EM SSI ONS RESULTS

Table 4.5 below gives the emssions calculated using the above
met hodol ogy.

TABLE 4.5
FERTI - | AVERAGE | NoO-EM SSI ON (TONNES | N;O EM SSI ONS ( TONNES
LI ZER | AMOUNT N2O- N) N2.O)
CON-
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SUMED

( TONNES
N)
MEDIUM | LON | HIGH | MEDIUM| LOW | H GH
NPK 973 1.07 |0.010| 66.6 | 1.68 | 0.02 | 104.6
UREA 180 0.20 | 0.13 | 0.27 | 0.31 | 0.20 | 0.42
CAN 10 0.03 [0.004| 0.17 | 0.05 |0.006| 0.27
ASN 20 0.05 [0.008| 0.34 | 0.8 | 0.13 | 0.13
TOTAL | 1.185 1.35 | 0.15 [67.38| 2.12 | 0.24 | 105.42

Em ssion Co-efficient as given by CECD (1991) on page 5 - 50 in %

NoO- N produced are shown in Table 4.6.

TABLE 4.6
VEDI UM RANGE
NPK 0.11 0.001 - 6.84
UREA 0.11 0.07 - 1.5
CAN 0. 28 0.04 - 1.71
ASN 0. 20 0.04 - 1.71

4.5 CARBON DI OXI DE RELEASED DUE TO BURNI NG OF AGRI CULTURAL CROP WASTES

4.5.1 BACKGROUND

The basis for the determ nation of greenhouse gas em ssions from
burning of agricultural wastes is on the anount of carbon burned
and the em ssion ratios of CH;, CO MNO and NO to CO neasured in
the snmoke fires (Crutzen and Andrea, 1990).

To determine the total carbon burned in agricultural wastes, six
paranmeters for each crop type were determ ned through both field,
and | aboratory experinents and measurenents:

Amount of crops produced wth residues that are comonly
bur ned
Ratio of residue to crop product

Fraction of residue burned

Dry matter content of residue

Car bon content of the residue

Ni t rogen/ Carbon rati o of the residue

4.5.2 DETERM NATI ON OF CARBON BURNED

The total carbon burned from all crops was determined from tota

58



carbon burned (tonnes C) = (P * R * B * DM * &)
VWere: P Crop Production (tonnes)

Resi due/ Crop Ratio

Resi due Burned (%

Dry Matter Content (%

Car bon Content (tonnes C/tonnes DW
Crop Type

OOEWJU

It should be noted however that sonme of the agricultural residues
could be burnt for energy purposes. In such cases, the fraction
burnt for energy purposes should be determned and its em ssions
estimated under the energy

sector.
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The results are shown in Table 4.7 bel ow.

TABLE 4.7

CARBON DI OXI DE RELEASED FROM BURNI NG OF AGRI CULTURAL CRCOP WASTES

CROP TYPE CRCP RESI - RESI DUE DRY CARBON TOTAL CO, RELEASED
PRODUC- DUE/ CRO BURNED MATTER CONTENT CARBON = 0.9 X
TION X P RATI O (% CONTENT ( TONNES BURNED TOTAL
10° (% C/ TONNES X 10° | CARBON X 10°
TONNES DRY ( TONNES BURNED ('t -
MATTER) O c)
Banana 7293 0.4 15 45 0. 312 61. 4 55. 26
Finger MII et 578 1.1 20 85 0. 326 35.2 31.68
Mai ze 400 1 30 75 0. 329 32.6 29. 34
Sor ghum 344 1.2 40 80 0. 284 52.2 46. 98
Ri ce 23 1.4 60 85 0. 248 4.1 3.69
wheat 13 1.2 40 90 0. 314 1.8 1.62
Sweet Pot at oes 1716 0.3 5 40 0. 365 3.8 3.42
Irish Potatoes 190 0.4 5 40 0. 345 0.52 0. 47
Cassava 3271 0.3 5 50 0. 332 8.1 7.29
Beans 330 0.7 5 80 0. 297 2.8 2.52
Fi el d Peas 12 0.6 5 80 0. 297 0. 09 0. 08
Cow Peas 38 0.6 5 80 0. 293 0. 27 0.24
Pi geon Peas 42 0.7 5 80 0. 299 0.35 0.32
(Pea Nuts) 134 1 60 76 0. 296 18.1 16. 30
G oundnut s
Soya Beans 14 0.7 5 88 0. 335 0.14 0.13
Si msi m 36 5.1 95 73 0. 189 24.1 21. 7
Sugar cane 351.4 0.3 95 90 0. 347 291.9 28. 17
Cof fee (A&R) 174 0.8 30 42 0. 381 6.7 6. 03
Cotton 3.2 12.5 95 80 0. 342 10. 4 9. 36
293.9 264.5
(264. 8)
294 265
NOTES: 1. The Crop Production figures are for 1988.

2. The sugar cane production includes an approxi mate 10% out-growers production
r nol asses production.

3. Source of crop production figures is Mnistry of Agriculture, Animal
he rest of the factors are from Laboratory anal ysis,

Makerere University.

I ndustry and

TABLE 4.8: GREENHOUSE GAS EM SSI ONS FROM BURNI NG OF AGRI CULTURAL CROP
WASTES | N UGANDA
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TABLE 4.7

CARBON DI OXI DE RELEASED FROM BURNI NG OF AGRI CULTURAL CROP WASTES

CO, CH, -C CH; Emi ssi on CO -C CO Em ssion x
REL EASED Eni ssions x | x 103(tonnes) Eni ssi on x 10® (Tonnes)
X103 (t- 0O 103%(t-C) 103%(t-C)
Low Hi gh Low Hi gh Low Hi gh Low Hi gh
265 0.79 1.85 1.06 2.5 10. 6 21.2 24. 7 49. 4

TABLE 4. 8 " CONTI NUED'

NoO -N Em ssi on x

NoO Emi ssion x

NO- N Em ssi on x

NO; Em ssi on X

103(t-N) 10° (Tonnes) 103(t-N) 103( Tonnes)
Low Hi gh Low Hi gh Low Hi gh Low Hi gh
0. 03 0. 45 0. 05 0.71 0.55 7.4 1.18 15.9
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4.5.3 GREENHOUSE GAS EM SSI ON RATI OS

The em ssions of CHi;, CO MNO and NO¢ were then calcul ated
based on the nethodology in Crutzen and Andreae (1990). In
the calcu-lation of CHy and CO em ssions due to crop residue
burni ng, the anount of carbon burning is multiplied by 0.9 to
account for approximately 10% of the carbon that remains on
the ground (Seilar and Crutzen, 1980; Crutzen and Andreae,
1990 - cited | PCC Met hodol ogy).

The resulting figure which is the anmunt of CO released
i nstan-taneously neasured in wunits of carbon, was then
multiplied by the ratios of em ssions of CH, and COrelative to
CO, (See Appendix 1) to yield emssions of CHs and COin units
of carbon. The em ssions of CH, and CO are then nultiplied by
16/12 and 28/ 12, respectively, to convert to full nolecular
wei ght s.

The em ssions of NO and NO: due to burning of crop residue
were calculated by multiplying the total carbon burned (in
equation (1) by the NC ratio of the fuel by weight to
calculate the total anmpunt of nitrogen rel eased. A range of
(0.02 - 0.17) was adopted to give the low and high em ssion
scenari os based on the | aboratory results of the crop-type NC
val ues. The details of these ratios, together wth other
em ssion factors used in this Chapter, are given in Chapter
Seven of this report.

The total N released was nultiplied by the ratios of em ssion
of NbO and NOx relative to the N content of the fuel (see
Appendix 1) to yield em ssions of NO and NOx in units of N
The em s-sions of NoO and NOx were converted to full nol ecul ar
weights by multiplying their em ssions by 44/28 and 30/14
respectively.

Summary of calculations of CHi CO NO and NO em ssions from
burni ng of Agricultural Wstes:

CH; - Cemssions (low) = (carbon burned) x (0.90) x (0.003)
CH; - C emissions (high) = (carbon burned) x (0.90) x (0.007)

CHy emssions (low, high) = CHy - C emssions (low, high) X
16/ 12

CO- Cemssions (low = (carbon burned) x (0.90) x (0.04)

CO - Cemssions (high) = (carbon burned) x (0.90) x (0.08)

CO emssions (low, high) = CO - C emssions (low, high) x
28/ 12

N2O - N emissions (low = (carbon burned) x (0.02) x (0.005)

N2O - N emi ssions (high) = (carbon burned) x (0.17) x (0.009)
NoO - N emssions (low, high) = NO - emssions (low, high) x
44/ 28

NO« - N emssions (low = (carbon burned) x (0.02) x (0.094)
NO; - N em ssions (high) = (carbon burned) x (0.17 x (0.148)
NO¢ - emssions (low, high) = NO - N emssions (low, high) x

62



30/ 14

These results are displayed in Table 4.8 above.

APPENDI X I
Em ssion Ratios for Biomass Burning Cal cul ations
Conpound Rat i os
CH, 0. 003 - 0.007
CO 0.04 - 0.08
N.O 0. 005 - 0.009
NG« 0.094 - 0.148
4.5.4 Sour ce: Crutzen and Andreae, 1990.
4.5.5 Not es:

(1) Ratios for CHs and CO are mass of Carbon
Compound released in units of C relative to
mass of CO, released from burning (in units of
0.

(i11) Ratios for NO and NO are expressed as the
ratios of emssions relative to the nitrogen
content of the fuel.

4.6 CGREENHOUSE GAS EM SSI ONS FROM SAVANNA BURNI NG

Gr eenhouse gas em ssions from savanna burning was deter-
mned on the basis of the quantity of carbon dioxide
rel eased instantaneously due to the burning.

Based on the estimate of carbon dioxide emtted, the
emssions of CO, CH;, NO and NO to CO; were then
determ ned based on the emssion ratios in Crutzen and
Andrea (1990). The em ssions of CO, are not included in
the inventory because CO, rel eased from savanna burning is
assured to be re-absorbed during the next growth period.

4.6.1 CARBON DI OXI DE RELEASED DUE TO SAVANNA BURNI NG

The CO rel eased due to savanna burning was determ ned by
use of the equations bel ow
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(i)

bi omass/ ha) .

(i)
(t

(iii)
dead

(iv)

4.6. 2.

B = As * Po * (AGB)

where: By, = Biomass Burned (t biomass)
As = Area of Savanna (ha)
P, = Portion Burned (%
(AGB) = Above ground Bionass Density
exposed to bur ni ng (t

(COR)wm =B * (BE)p * (LP) * (CGO)B

where: (CO)m = CO, Rel eased from Live Materi al
Co - O

Bb = Bi omass burned (t bi omass)
(LP) = Live Portion of Biomass (%
(BE)p = Burning Efficiency (% of Live

Portion
(GO g = Carbon Content of Live Bi omass
(t dt Biomass)

(CO)om = Bp * (DP) * (BE)jor * (CC)om

where: (CQ)ow = Carbon dioxide released from
material (t C& - O

(DP) = Dead Portion of Biomass (%

(BE) pp Burning Efficiency of Dead Portion (%

(GO om Carbon Content of Dead Biomass (t C/t
bi omass) .

Total CO, Released (t CO, - O = (CO)wm + (CO) pm

Results are shown in Table 4.9 bel ow.

GREENHOUSE GAS EM SSI ON RATI OS

The emssions of CHi;, CO NO and NO: were calcul ated
based on the |PCC nethodol ogy according to Crutzen and
Andr eae (1990).

The total

ambunt of CO, - C released due to savanna

burning was nmultiplied by the em ssion ratios of CHs and
CO relative to emssions of CO (as per Appendix 1
attached and Summary below) to obtain em ssions of CH,

and CO

each is expressed in units of carbon. The

emssions of CHy and CO were multiplied by 16/12 and

28/ 12,

wei ght s.

respectively, to convert to full nmol ecul ar

The emssions of NGO NO were determned by first
multiplying the total CO, - C released by the estimted
NC ratio of the biomass (as per results of the biomass
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characterisa-tion) to yield the total anount of nitrogen
(N) released. The total N released was then multiplied
by the ratios of em ssions of NO and NOx relative to the
N- content of the biofuel/or biomass (as per Appendix 1
attached and Sunmary below) to yield em ssions of NO and
NOQ., expressed in units of N The em ssions of NO and
NOc were converted to full nol ecul ar  weights by
mul tiplying emssions by 44/28 and 30/ 14 respectively.

Summary of calculations of CH;,, CO NO and NO( em ssions
from savanna burning is as follows:

CH; - Cemssions (low) = (CO, - C Released) x (0.007)
CH, - Cemssions (high) = (C& - Creleased) x 0.013)

CH; - emissions (low, high)-CHs-C Em ssions (low, high) x
16/ 12
CO- Cemssions (low = (CO, - C Released) x (0.075)
CO - Cemssions (high) = CO - C Released) x (0.125)
CO em ssion (low, high) = CO - C emssions (low, high) x
(28/12
NoO - N emissions (low) = (CO, - C released) x (0.0625) x
(0. 005)
N2O - N emissions (high) = (CO - Creleased) x (0.0625) x
(0.009)
NO em ssions (low, high) = NO - N em ssions (low, high)
(441 28)
NGO - N emssions (low) = (CO - C Released) x (0.0625) x
(0.094)
NO« - N emssions (high) = (CO - C Released) x (0.0625) x
(0.148)

NGO em ssions (low, high) = NO - N em ssions (low, high)
30/ 14
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Results are shown in Table 4.10 bel ow.

TABLE 4.9
CARBON DI OXI DE RELEASED DUE TO SAVANNA BURNI NG
Savanna Area x | Portion Above Bi omass Li ve Li ve
10* Bur ned gr ound burned x | portion | Burn-
(ha) (% Bi onass 10° (t- (% i ng
density bi omass) Effi-
exposed to ci ency
burni ng (t (%
bi omass/ ha)
Per manent 92.04 5 200 9.2 100 20
Swanp
Seasonal 186. 44 44 54 44. 3 5 70
Swanp
Savanna 82.11 48 26 10. 25 10 70
Woodl and
Savanna 1073. 8 50 36 193. 3 5 70
G assl and
Dry 177 56 4 3.96 . -
Thi cket
TABLE 4.9 " CONTI NUED"
Savanna G COo Dead Dead C- Con- coz Tot al
Cont ent Rel ease | Por - Porti on t ent Rel ease
of live | d from | tion | Burning of d from | Rel eased
Bi omass live (% Effi- Dead Dead x 10°(t
(t-c/t materi a ciency | Biomas | Materia | CO2 - O
Bi omass | | x 103 (% S | x 10°
) (t C& (t C&
- O - O
Per manent 0. 1020 36. 82 - - - - 0. 037
Swanp
Seasonal 0. 020 31.01 95 100 0.77 11. 66 11. 67
Swanp
Savanna 0. 026 18. 65 90 100 0. 306 22.82 2.84
Woodl and
Savanna 0. 026 175. 89 95 100 0. 306 56.19 56. 36
G assl and
Dry - - 100 100 0. 306 1.21 1.21
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Thi cket

72.13

NOTE:

The figures of the area of savanna burned are fromthe

try of Agriculture, Aninal

rs are fromthe Laboratory Analysis,

I ndustry and Fi sheri es.
Makerere University.

The rest of the

TABLE 4. 10

GREENHOUSE GAS EM SSI ONS DUE TO SAVANNA BURNI NG

CH, - C CH; - Em ssion | COC Em ssion | CO Em ssion X
Rel eased Eni ssi on x x 10° (Tonnes) | x 10° (t - «¢) 10° (Tonnes)
10%(t - «¢)
Low Hi gh Low Hi gh Low Hi gh Low Hi gh
72.13 0.50 0. 94 0. 67 1.25 5.41 9.02 | 12.62 | 21.04
TABLE 4. 10 " CONTI NUED'
NoO- N Emi ssi on NoO Emi ssion x NOx- N NOx Em ssion
Rel eased | x 10° (t - N 10° (Tonnes) Eni ssi on x x 10°
10° (t - N ( Tonnes)
Low Hi gh Low Hi gh Low Hi gh Low Hi gh
72.13 0. 023 0. 041 0. 035 0. 064 0.42 0. 67 0.91 1.42
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Average of NNC ratio for biomass - 0.0625 is adopted
in the determnation of NO and NO; emi ssions. N C
ratio varies significantly from the |PCC default
val ue of 0.006. This variation could have arisen
from a nunber of factors: in particular, the
presence of some mneral ions in the soil e.g.
calcium is known to greatly increase uptake of
Ni t rogen by plants.

The Sunmmary of results is given below in the M ninum Data
Tabl es 4A - 4C.
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CHAPTER FI VECHAPTER FI VE

5.0 GREENHOUSE GASES (GHG)

EM SSI ONS FROM OGREENHOUSE GASES (GHG EM SSI ONS FROM

5.

1

LAND- USE CHANGE AND FORESTRY

| NTRODUCT1 ON

Land-use changes affect the chem cal conposition of the
at nrosphere. CO is the major gas released as a result of

| and- use change. O her gases such as Methane, N trous
Oxi de, Carbon Monoxide, etc. are also released due to
changes in land-use. Al these emssions |lead to concen-
trations of greenhouse gases. The renoval of CO is done
by photosynthetic activity of plants. If the vegetation
is cleared this inportant process is curtailed. In this
chapter the estimation of CO, em ssions and renovals are
present ed.

The first part of the Chapter gives an account of the
net hodol ogy adopted in the estimation of GHGs in the
Forestry sector. During the assessnent, a w de range of
literature reviews were nade and conparisons between the
data were critically made in order to filter out the nost
reliable data.

Forest area statistics have been normally assessed,
updated and stored as Departnental Records by the
Departnment of Forestry but these records are nainly
concerned with the gazetted areas. Even so these area
statements of the Forest Estate are now outdated

Therefore, an up to date inventory of all the Forest
Reserves is urgently required. As for the forested areas
outside the forest reserves, there is hardly any data.
There has been a gradual but serious reduction of the
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forest estate both within and outside the gazetted areas
and the rate of deforestation in Uganda is currently not
known except for estimates namde by various institutions
both in and outside the country.

Fortunately, the National Biomass Study which is currently
inits final year of inplenentation is expected to cone up
wWth nore accurate estimates of Uganda's woody bionass
situation with proper estimtes of the present area of the
| and- use/ cover types. Fromthis information and with the
use of the earlier area estimates of the forest and other
| and-use cover types in the country, a nore realistic rate
of degradation or deforestation shall be arrived at.

In I'ight of the above background, it should be noted that
for the estimation of the GHG em ssions, especially for
the reference year of 1990, no current information exists,
ot her than data from woody bionmass grow ng stocks fromthe
Nat i onal Bionmass Study Report. Therefore, earlier esti-
mates near the reference year are used in this report.

The Section is organised according to the followng
categories as outlined in the I PCC I nventory workbooks:

A Forest C earings
(1)CO em ssions fromimedi at e burni ngs
(i1)Co em ssions from decay
(111)CO emssions fromsoil carbon rel ease
(iv) Total em ssions fromforest clearings
B Section B | ooks at the em ssions due to conversion of
grasslands to croplands. The em ssions are estinated
under these sub-sections:
(1) Met hane upt ake reducti on.

(ii)Carbon Dioxide emssions due to a decrease in
above ground bionass.

(iii)Loss of soil carbon due to oxidation.
C Car bon si nks/em ssions from managed forests
Bi omass bur ni ng nodul es
5 A EOREST CLEARI NG
5 A1CO, FROM BURNI NG ABOVE- GROUND Bl OVASS
(i)Area Estimates

Data which is available on Uganda's forest estate is
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mainly confined to the gazetted areas. This inplies
that outside the gazetted areas there is hardly any
reliable data.

The following Table illustrates the areas of the
forest estate by type and their sources:

Tropical H gh Forests

Source and Year Area (ha) Type

Langdal e Brown (1958) 1,117,600 | Total Tropical and noi st
forest cover
Atlas of Uganda (1967) 689, 000 | Tropi cal high forest
73,000 | Banboo

Lockwood consul tants 732,000 | Tropi cal high forest
(1973)

For est Depart nent 729,865 | Tropi cal high forest
(1987)

FAO 765, 000 | Tropi cal high forest

In the above Table the Forestry Departnent estimate though
reliable does not take into account the area of forest
which was lost due to encroachnment since 1972 and the
additional forest land on private/public |ands.

Langdale Brown's estimate in 1958 which covers all forest
types based on the aerial photography of 1950s is a

reasonable one as this is taken to be the earliest esti-
mates of forest cover in the country ever since.

(i1)Wodl ands

74



Very little information exists on Savannah Wodl ands.
Recent area estimates vary nuch and are as foll ows:

Atl as of Uganda (1967) 699, 000 ha
Lockwood Consultants (1973) 776,000 ha
FAO (1985) 5, 250, 000 ha

Forestry Departnent (1987) 680, 000 ha

(iii)Plantation

According to Forestry Departnment Records of 1987, the
areas of plantations by then were as foll ows:

Sof twood Pl ant ati ons 13.4 kha

Eucal yptus pl antati ons 14. 35 kha
Eucal yptus Pl antations

(Tobacco CQO) 10. 56 kha

(iv)Rate of Deforestation

In the calculation of the rate of deforestation over a
period of 25 years, Langdale's estimate (for tropical and
noi st forests only) was taken as a base year and that of
the Forestry Departnent in 1987 is taken as the nearest
reference year for the GIG em ssions estimate. The |oss,
therefore, of the Tropical H gh Forest Area over a period
of 29 years is, 387,735 Ha, giving an annual deforestation
rate of 13,400 Ha. Since no reliable data exists for
areas outside forest reserves, it was difficult to
estimate the rate of deforestation outside the gazetted
ar eas. However FAO in 1990 estimated the rate of
deforestation in Uganda over a ten year period based on
the interpretation of multi-date Landsat MSS imageries
(1980 and 1990), covering four sanple areas of Uganda.
From their estinmates, the annual rate of deforestation in
Uganda over the last ten years was 64,500 Ha. This figure
was considered to be rather too high and therefore not
used. Since no data is available and we did not want to
| eave out an inportant part of the estimate of
deforestation, the same figures used for gazetted areas
have been used for the deforesta-tion outside the gazetted
areas. One has to keep in mnd, however, that this figure
is solely based on expert judge-nent and shoul d be handl ed
with extrene caution.

(v) Gow ng Stock

The followi ng Table shows the data on growi ng stock from
t he National Biomass Study:

St andi ng Stock Tropical H gh Forest Qpen Forest
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Bef or e 202 t dm ha 32 t dm ha

After 59.46 t dni ha 10 t dnl ha

Loss 143 t dm ha 22 t dm ha

Sour ce: Nati onal Bionmass Study, Forestry Departnent,
Kanpal a.

(vi) EOREST CLEARI NG | PCC METHODA OGY

Below is an outline of the steps used in the calculation
as recommended by the | PCC Met hodol ogy:

Bur ni ng of Above-ground Bi onass

Estimate area of cleared Forest.

Esti mate the standi ng stock before and after burning.
Estimate net | oss.

Reduce the Quantity by 0.5.

Convert to Carbon Equivalent by nultiplying by 0.45.

Convert the above to CO; Released assuming that (0.87 is
CO and 0.13 is left as charcoal .

Repeat Steps 1 to 6 for each Forest Type.

5 A20On-Site Burning of cleared forests: Trace Gases
Em ssi on

5 A 3Decay of Above-ground Bi onass

Sane as in (vi) above except annual rate is
based on a ten year peri od.

5 A 4Soi |l Carbon Rel ease.

Forest Type: Tropi cal H gh Forest excluding OQpen Forests
- area multiplied by anount of soil carbon.

The Summary of the results is given belowin Table 5 A 1.
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C eari ng:

Table 5 A1

c2

Rel eased

For est
from

Bur ni ng of Above-ground Bi onmass

Source and sink cat - Activity Data Em ssion | Aggre-
egori es s Esti - gat e
mat es Em ssi o
ns
Fact or
A B C D E
Ar ea Tot al Quantity | Quantity My
cl eared | Bi onass of of CO/ kt
k ha change Bi omass Car bon dm
kt dm Bur ned Rel eased | burned
(on and & CO;
of f -
site)
kt dm
E=D/ C
Tropic | dosed Undi stu
al Forests r bed
Br ead- Logged 13.4 143 371 391.79 1.05
| eaf
d osed Undi stu
Forests r bed
Coni fers | Logged
Unpr odu
ctive
d osed Sub-
For ests Tot al
Open Pr oduct
Forests ive
Unpr odu 13.4 22 57 60. 21 1.05
ctive
Sub- 26. 8 83* 428 451. 6 1. 05*
Tot al

* mean of the two val ues
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5 A 20n-Site Burning of C eared Forests:

Trace Gases Emni ssions

SOURCE AND ACTI VI TY DATA EM SSI ONS ESTI MATE
SI NK CAT-
ECORI ES
A B C
Car bon Ni t rogen Em ssions Estinmate
Rel ease Rel ease &
) )
CH, CO NO NG
On Site Burn- 123. 166 1.232 1.971 17. 243 0.014 0. 319
ing of Ceared
Forests
5 A2On-Site Burning of Ceared Forests "Continued”
Source and Si nk AGGREGATE EM SSI ON RATI OGS
Cat egori es
D
Aggregat e Em ssion Ratios
D=CA D=dCB
CH, CO N.O NG
On-Site Burning of 0. 016 0. 139 0.01 0. 258
Cl eared Forests
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Sources: Extracts from the results of the conputation of
M NERGG - software. Columm A is from the burning of
above- ground bi omass and colums B and C are fromthe
Sunmary Report as conputed by the software for the on
site burning of above-ground bionass.

5 A3EOREST A EARING CO REALISED FROM DECAY OF ABOVE- GROUND
Bl OVASS

(i)Area Estimates

The area estimates of annual rate of deforestation were
obtained from UNEP 1988 where it was estinated that
between 1977 and 1987, i.e. over a ten year period over
100, 000 ha of Forests were cleared-annual rate is 10,000
ha. As for the Qpen Forests (Wodl ands) data was obtai ned
from The FAO 1990 Forest Assessnent (see above).

(ii)Qowing Stock

Standing Stock before and after were initially got from
the Table 6 -1 fromthe |IPCC worksheet as default val ues
whereby Tropical H gh Forest was given as 260 t dmha
undi sturbed cl osed broadl eaf and 210 t dm ha | ogged. For
the open forests which, in Uganda's case, is woodl ands,
the default values given were 45 ha t dmha and 10 t

dni ha. However, the national data from the National
Bi omass Study are now avail abl e and they have been used in
the <calculations as follows: Tropical high forest

undi sturbed 202 t dmha and disturbed (encroached) is
59.46 t dmha. (Qpen forest (woodlands) 32 t dniha and 10
t dm ha.

The results of the calculations are summarised in the
M ni nrum Data Table 5 A 3 bel ow
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Cl earing:

Table 5 A 3

Forest

C2 Rel eased from Decay

of Above-ground Bi onmass

Source and sink cat - Activity Data Em ssio | Aggre-
egori es ns gat e
Esti - Em ssi on
mates | s Factor
A B C D E
10- Year | 10- Year | Average CO, Em ssi on
Average | Average | Quantity | Em ssio Fact or
area Act ual of ns &g My
cleared | Loss of | Bi onmass CO, CO/ kt
k ha Bi omass | to Decay dm
kt dm kt dm
E=D/ C
Tropic | A osed Undi st u
al Forests r bed
Br ead- Logged 10 143 71 86. 51 1.2
| eaf
Cl osed Undi st u
Forests r bed
Coni fers | Logged
Unpr odu
ctive
Cl osed Sub-
Forests Tot al
Open Pr oduct
Forests ive
Unprodu | 10 22 11 13.31 1.2
ctive
Sub- 20 83 825 99. 82 1.2
Tot al
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5 A 4ECREST CLEARING SO L CARBON RELEASE

The sources of data in this section are obtained from

wor ksheet 1.1 using the default values as in the
wor ksheet . The details of +the calculations are
sumarised in Table 5 A 4 bel ow
Table 5 A 4 Forest clearing: Soil Carbon Rel ease
Sour ce Activity Data Em ssi ons Aggr egat e
and si nk Esti nat es Em ssi ons
cat - Fact or
egori es
For est A B C D
Types Ave. ann. Soi | carbon CO Aggr egat e
f or est content of rel eased em ssi ons
converted to| land before | fromsoil factor from
pasture or cl earing & CO; soi |l carbon
crop over 25 t C ha My/ ha
years D=C A
Tr opi cal 13.4 100 2,383. 33 177. 86

5 A 5FOREST CLEARING TOTAL EM SSI ON FROM FOREST CLEARI NG

The Table below is a summary of the total em ssions

fromforest clearings.

Table 5 A5 Total CO Em ssion From Forest C earings

Cat egory Em ssions (&)
CO from burning of cleared bionmass 451, 6
CO, fromdecay of cleared bionmass 99. 82
CO, fromsoil carbon rel ease 2,283. 33
Tot al 2,834.75

5B CHi UPTAKE REDUCTION AND NET CO, EMSSIONS DUE TO
CONVERSI ON OF GRASSLANDS TO CULTI VATED LANDS

5 B 1BACKGROUND | NFORNMATI ON

Conversion of grassland to cultivated |and could result in

net CO emssions to the atnosphere due to soil
di sturbance and resultant oxidation of soil carbon and to
oxi dation of carbon in the vegetation if there is a net

reduction in standi ng bionass.
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Simlarly, abandonnent of cultivated |land and subsequent
regrowh of natural vegetation could result in net uptake
of atnospheric CO. Such activities could also affect net
NO and CO fluxes, although both the direction and
magni t ude of the effects are highly uncertain.

5 B 2ABANDONMVENT OF MANAGED LANDS

I f managed |ands, e.g. croplands and pastures, are aban-
doned, carbon may re-accunulate on the land and in the
soil, although abandoned agricultural land is often too
infertile, saline, or eroded for regrowh to occur. I n
this case, |and degradati on and associ ated | oss of organic
material (i.e. carbon in the biomass and the soils)
fol | ows abandonnent.

5 B 3NET_EM SSI ONS DUE TO SHI FTI NG CULTI VATI ON

This step could not be calculated because no data is
available about the rate at which nanaged |ands are
abandoned. It was however noted that due to the high rate
of population increase, there is a very high pressure on
the arable land and therefore shifting cultivation is
hardly practised. This inplies that skipping this step
may not introduce a significant error.

5 B 4CH, UPTAKE REDUCTION AND NET GO EM SSIONS DUE TO
CONVERSI ON OF GRASSLANDS TO CULTI VATED LANDS

5 B4.1 NOTE:

Here, the grasslands were supposed to be con-
sidered separately by type. However, no data
was available in which the area conversion was
given by grassland type. So from the avail able
data, an average annual rate of conversion for
all grassland types considered together was
conput ed. A value of 941 x 10%® x hal/year was
got as shown bel ow

YEAR | TOTAL GRASSLAND AREA SOURCE
UNDER CULTI VATI ON
1958 |26, 600 knf (13% MacMast er 1962
1967 | 34,297 knf (17% Langl ands (1967)
1989 55, 000 knf M nistry of Agriculture, Anina
| ndustry and Fi sheries

Ther ef or e:
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(i)Between 1958 to 1967 is a period of nine years and a
total area of 7,697 knf of grassland was
converted to cropland. This gives. an annual
conversion rate of 7,697/9 = 855.2 knf/year.

(ii1)Between 1967 and 1989 is a period of 22 years and a
total of 20,703 knf of grassland was converted
into cropland. This gives an annual conversion
rate of 20,203/22 = 941 knf/year.

From the available literature and the explanation of the
nmet hods used in the area estinations it was found that the
1967 and 1989 estinates were nore reliable so the annual
conversion rate of 941 knf/year was adopt ed.

5B4.2 No value is available for the average annual CH,
uptake in Uganda and also no country specific
data was available for Uganda and hence the
default value for Ganbia was used.

5B 4.3 Default values for the annual CO-C em ssions
per unit area of grasslands before and after
conversion as given in the Ganbia report were
al so adopt ed.

CH; Upt ake Reduction = Area converted x (Average Annual CHs
Upt ake per unit area before conversion) x 0.40 x 16/12.

Area converted = 941 x 10° halyear.

Average annual CH; uptake = 0.8 g Cth-C/'nf - (default val ue
fromthe Ganbi a Report).

941 x 10%® x (0.8 x 10* g

Therefore, CH: uptake reduction

CHs-C/ ha) x 0.4 x 16/12 = 4.015 x 10° g CHy = 4.015 - Gy CHy

CO emssions = Area converted x {(Annual CO - C em ssion
per wunit area before conversion) x (Annual CO - C
em ssion per unit area after conversion)} x 44/12 = 941 x
10° x (7.3 - 6.0) x 44/12 = 4.485.4 Gy CO..

5 B 5Loss of soil carbon

TABLE 5 B 2 : LGSS OF SO L CARBON

conver si on of
grasslands to
cultivated | and

A 25 year Tot al B C=Ax B x 0.025 x 44/ 12 D=CA

(000) ha
941 x 25 98.7 2,156.6 0. 09
B = Soil carbon content of grasslands in Tonnes/ ha. It
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should be noted that no default value was avail able
so six soil sanples were collected fromthe six nmgjor
grassland types in Uganda and they were tested in the
| aboratory for their carbon content. An aver age
value of the six sanples was then wused in the
calculation. The results of the |aboratory analysis
are given bel ow.

TABLE 5 B 3: SO L - CARBON CONTENT

SO L - CARBON CONTENT RESULTS

GRASSLAND TYPE LOCATI ON SO L CARBON

CONTENT
(t/ha)
M xed Savanna Arua, Nebbi 67. 2
But yr osper mum Savanna Lira, Qulu 94.5
Conbr et um Savanna Nakasongol a, Masi ndi 82.2
Dry Acaci a Savanna Senbabyul e, Masaka 86. 6
G ass- Heneda Savanna Moar ar a 103.9
Mbi st Acaci a Savanna Bushenyi 151.2
Aver age 98. 7

C = Total carbon dioxide

rel eased from the twenty five
year historic conversion in kt - CO ().

D = Average Em ssion Factor in M/ ha.

D MANACGED FORESTS

(i) Area Estimates

Sources of data on Plantations (Eucal yptus and M xed
H gh Forests are mainly from
As for the closed Forests the

Sof t wod) and Tropi cal
Forestry Departnent.
data was obtained

Conservati on in
Reserves | UCN'.
Forest Cover for

pl antation ar eas

from Howard P.C
Uganda's  Tropi cal H gh
According to Howard the productive
Uganda's twelve principal
Tropi cal H gh Forests were about 384,200 ha.
and  woodl ands, t he

Departnent estimates of 1987 were used.

(ii1) Annual G owth Rates

1991

"Nat ur e
For est

Reserved
For the
Forestry

The annual growth rates were obtained fromthe Tabl es
6 - 5 and 6 - 6 as default val ues. Currently, the

data on annual growh rate from the National
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Study is being worked on and if finished, it shall be
incorporated into the national figures. The annua

harvest figures were derived from the Forestry
Departnment Records and the renovals from the open
forests area are assuned to be mainly wod-fuels. A
little caution nust be given here - that not all
fuel -wood renoved cones from Managed Forest Reserves.

In actual fact a |ot of wood-fuel cones from nearby
farm and areas and open forests and bushl ands out si de
the gazetted forested ar eas. Therefore in
interpreting the sinks and em ssions one should be
aware of this fact.

5D1 STEPS OF CALCULATI ON AND SUMVARY OF RESULTS

Annual G owth

Area of Managed Forest (k Ha)
Gowth rate t dm Ha
Bi omass | ncrenment (kt dm
Carbon Content of Dry Bi onass
Tot al Carbon | ncrenent

5 D 2HARVESTS
(1) Annual Harvests
(ii1) Commrercial Harvests

Commercial Harvest Round-wood (180 Kn? Forest
Depart ment sources 1988)

Commer ci al Harvest (131.4 kt dm
Fuel - wood
Popul ation = 16.5 mllion

Per capita fuel -wood Consunption 0.66 kt dm 1000
persons = 11.025 kt.

85



86

The following Tables are the summaries of t he
cal cul ati ons:
Table 5 D 1 Managed Forests: Annual G owth I ncrenent
Sour ce and sink categories Activity Em ssi ons/ si nk
Dat a esti mates
Forest Type A B
Area of Co: renoval
managed & C
forests
k ha
Tr opi Pl antati ons | Eucal ypt us 24.915 163. 125
cal (specify
type)
M xed Coni - 13. 038 84. 825
fers
Logged Cl osed 384. 002 1900. 008
br oadl eaf
C osed
conifers
Qpen forests 680. 000 2,019. 600
Tot al 1064. 000 4, 168. 000
Table 5 D 2 Managed Forests: Harvest
Sour ce and Activity Em ssions Esti - Aggr egat e
Si nk Dat a mat es Em ssi ons
Cat egori es Fact or
A B C
Anount of CO2 Em ssi on/ Si nk CO2 Em ssion
Bi omass Estimates Gy C of | Factors My/t dm
Har vest ed full mass pol | u-




kt dm t ant
C=PBA
Conmmer ci al 126 56.7 0. 45
Ti nber
Fuel - wood 11, 025 4.961. 25 0. 45
G her
(specify)

Table 5 D 3 Managed Forests: Net  Em ssi ons/ Renoval s

(Summary)
Cat egory Em ssi ons/ Renoval s ( ()
Total G owth Increnent 4,168
Tot al Harvest 5,522
Net Em ssions(+) or Renovals (-) 1, 354
D4 VWEAKNESSES AND STRENGTHS OF THE NMETHODOL OGY

(1) dassification System

The <classification system of the IPCC Mthodology is
rather Iimting and does not allow for any changes in the
soft -war e. It also assunes that all Forests are nmanaged
and that sinks and renovals also take place only in these
type of forests. But in reality a ot of carbon is being
fixed even in areas which are not traditionally |ooked at
as forests.

However, for Uganda's case, there is currently an on-going
project the National Biomass Study. In this study, a
country-w de mappi ng of the Land-use/cover and the assess-
ment (inventory) of the woody biomass (grow ng stock per
unit area and annual increnent) is being done. Monitoring
of the woody biomass dynamics in the country is also being
establ i shed as part of this study.

Here below is a full extract of the classification of the
Land-use/ cover adopted in the National Biomass Study.
This classification should be the one to be used for
Managed Forests for Uganda's case, if a reliable estimate
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of sinks and em ssions of carbon is to be achi eved.

(ii) Table XII -Land-use/Land Cover O asses

Pl antati ons and woodl ots - deci duous trees/broadl eaves ("hardwood").
Pl antations and woodl ots - coniferous trees ("softwood").

Tropi cal high forest - normally stocked.

Tropi cal high forest - depl eted/encroached.

Wodl and - trees and shrubs (average height > 4 n).

Bushl and - bush, thickets, scrubs (average

height <4 m. (Some shrubs and scattered trees may occur).

Grassl and, rangel ands, pasture | and, open savannah. (Sone scattered trees,
shrubs, scrubs and thickets may occur).

Vet and vegetati on, swanp areas, papyrus.

Subsi stent, mxed farm and recently used or in use - with/w thout scattered
trees, agricultural fallow areas.

Uni form nono-cropped, non-seasonal farm and wi thout any trees and shrubs -
e.g. tea and sugar estates.

Urban or rural built up area, bare rock, m scellaneous inpedinent.

Water - larger rivers, ponds and | akes.

(iii1)Some types of vegetation nentioned in this Chapter
need further explanation. There appears to be a
|l ot of confusion and disagreenent in general
regarding the understanding and definition of
bush, shrub, scrub and thicket. In this study,
the follow ng definitions were used:

(a) Shrub: branchy "tree" wthout a clear/straight
bole/stem mainly 4 - 10 m hi gh.

(b) Scrub: without a defined bole/stem |ess than 4
m high, mainly one species isolated in a
cluster.

(c) Thicket: many non-defined stem growhs of a
nunber of species growing in clusters, mainly
| ess than 7 m hi gh.

(d) Bush: continuous w de spread growing scrub and
t hi cket.

Comment s and expl anations of the classification systemare
f ound bel ow

(iv) Plantations
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These are the man-nmade tree plantations. Young generation
woodl ots are domnant in this class in the project areas.

(a) Cdass 1 consists of deciduous, broad-I|eaved
trees mainly of Eucalyptus spp., Maesopsis
emmi, Acacia nearnsii (Black Wattle) and sone
Mar kham a Pl at ycal yx.

(b) dass 2 includes the Conifers; Pine spp. and
Cypress spp.

(v) Tropical H gh Forest

These natural forests with a high variety of species were
divided into two cl asses:

(a) Cass 3 is normally stocked Tropical H gh Forest
(THF). This was found both in the formof |arge
forests (e.g. Mabira Forest in the Jinja Project
Area) and in snaller patches.

(b) dass is depleted/ degraded/ encroached and has a
reduced richness of species conposition. The
understorey is domnated by secondary bush and
shrubs, in particular Sol anum spp.

(vi) Wbodl and, Bushl and and G assl and

This group covers all internediate |and-use/cover classes
frombare grassland to densely stocked woodl and:

(a) dass 5 represents the nost woody areas where
trees and shrubs are the predom nant cover.
There is both a wet type occurring as a zone
along wetlands (riverine forest) and a dry type
appearing on dry, grass-covered areas. To
qualify as woodland the average height of the
trees nmust exceed 4 m

(b) dass 6 refers to vegetation dom nated by bush,
scrubs and thickets growi ng together as an enti-
ty, but not exceeding an average height of 4 m

This class may have different origins. In dry, grass-
covered areas it appears to be permanent, including for
exanple normally taller growing species which have been
arrested from their potential by persistent fires and/or
other biotic factors; (for exanple Acacia hockii in
Moarara and Comm phora africana in Mroto).
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This class also occurs on abandoned farmland in the form
of a late fallow with rapid inpetus of nmaminly Lantana
camara. On clear cut abandoned forest |and the vegetation
is rapidly progressing to bush conprising many different
pi oneer species as the first phase of succession.

(a) dass 7: Gazing grounds, whether rangel ands,
i nproved pastures or natural savannah grassland
are all grouped together in this class. Various

trees - bush/woody vegetation frequently occur
on this land, but grass cover dom nates the
scene.

(vii)Wetl ands

class 8 conprises both permanent wetland - wusually wth
papyrus and reeds - and sone seasonally flooded areas.
These are found along |ake shores and in valleys wth
i npeded drainage, where the vegetation shows clear
synptons of frequent high water table. Various vegetation
may occur, but the nbst domnant is wet grass. Anong the
indicator trees are Acacia siberiana and palnms such as
Phoeni x reclinata.

(viii) Farm and Area

(a) dass 9: Included in this class are all the
smal | - hol der subsistence farm units. Al kinds
of cropping systens are found: m xed croppi ng,
multiple cropping and shifting cultivation
conbined wthin snall ar eas. Scattered
trees/tree clusters are also frequently found
especially in the near vicinity of the hone-
st eads. These are nostly fruit trees and
various nultipurpose trees as support to and
integrated in the farmng system (agroforestry).

The bi omass coverage displays a wi de range from
bare ground to al nost closed forest.

(b) dass 10: These are large scale comercia
farms such as tea and sugar estates, especially
found in Jinja Project Area.

(i x) Inpedinent Area

Areas grouped here were for various reasons thought to be
mai nl y non- producti ve.

(a) dass 11 includes towns, village trading
centres, quarries, honesteads, school conpounds,
roads, bare rock and recreational grounds.
However, nost of the class 11 areas encountered
were built-up areas and here considerable
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bi omass was recorded; in particular as various
compound trees and nultiple use trees grow ng
cl ose to be honesteads. As can be easily seen
in Chapter 11.10, the total anount of biomass
per ha exceeded the anmobunt per ha in class 9 for
nost proj ect areas.

(b) dass 12 conprises open water, like large
rivers, ponds and | akes. The boundary between
open water and surrounding wetland wth a
per manent high water tabl e IS sonet i nes
difficult to draw. In considered a nain problem
in the nine project areas, though

Wen the results of the national Bionmass Study are
released later this year and based on the above
classification, the results of the GHG Inventory w Il have
to be refined accordingly.

(x) Harvesting

The harvested commercial volume which is used in the
calculation is derived from the Forestry Departnent while
fuel -wood consunption was derived from the estinmates nade
by the National Biomass Study, which was also based on a
nunber of sources and their own estimates for urban and

rural consunption. The software only allows for two
entries to be nade, i.e. per capita consunption and tota
popul ation of the country. It does not take into account

the fact that per capita consunption of wood-fuel is only
for that fraction of the population which relies on wood-
fuel Besides this problem the country data is normally
broken down into fire-wood and charcoal. In order to
facilitate the calculations, the per capita estinmates as
made by the National Bionmass Study had to be adjusted from
0.75 tons (for firewod) to 0.668 tonnes and the
popul ation figure of 16.5 mllion (1991 census) were used
- refer to Chapter One on Total Wodfuel Consunption.

(xi) Abandonnent of Managed Lands (previous 20 years)

After a careful consideration of the worksheet, the
foll owi ng deci sions were nade:

(a) Al emssions of GHGs from forests are covered
in the other worksheets on | and- use.

(b) Uganda does not have nmanaged |ands abandoned
over the previous 20 years because of the ever
increasing population pressure which denmands
nore |l and for agriculture.

(xii) GENERAL CONCLUSI ON
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In the calculations of Annual Gowth and harvesting, it
has been assuned that all fuel-wood cones from Mnaged
Forests (in Uganda's case gazetted Forest Reserves). But
in reality fuel-wood originates from scattered trees in
farm | and areas. So, if it is assunmed that half of the
firewood does not cone from Managed Forests and that the
increnent of farm trees, etc. conpensates the other half
of the fuel wod consunmed, Uganda will be a net sink rather
than a net emtter as the prelimnary results show

However, when the final results from the National Bionass
Study cone out later this year, an anendnent to the
inventory shall be nade.
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CHAPTER SI XCHAPTER

GHG EM SSI ONS FROM WASTES. GHG EM SSI ONS FROM WASTES

6.1 ESTIMATES OF METHANE PRODUCTION FROM MJN Cl PAL
GARBAGE

Quantities of Muinicipal garbage collected for dunping were
obtained from the Gty and Minicipal Records. The
expected waste generation in Kanpala from a study carried
out in 1989 and released in 1990 by Engi neering Section of
the Gty Council is as follows:
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Donesti c waste 0.8 kg/ head/ day

Mar ket wast e 0. 05 kg/ head/ day
Commercial and Industrial 0.2 kg/head/day
Street sweepi ngs 0.1 kg/ head/ day
Tot al 1. 15 kg/ head/ day

However, several organisations, including the Wrld Bank,
have conplained that the rate of 1.15 kg/head/ day is
unreliable and nost likely too high. The Cty Council has
confirmed that several conplaints have been raised before
and the study is to be redone. Their view is that the
rate is nost |ikely between 0.6 and 0.7 kg/ head/ day.

6. 1. 1Managenent Practices

6.1.1.1. Dunping

The Minicipal solid wastes in the min towns of
Uganda are dunped in valleys or shallow pits
originally used for extraction of marram for road
const ructi on. The wastes end up in relatively
shal | ow, open piles deconposing nainly under aerobic
conditions to produce carbon dioxide and a snall
anmount of nethane. Typical dunping sites in Kanpal a
Cty cover an area up to about 50,000 sqg. netres.
The garbage is heaped in isolated heaps of up to five
netres high. The heaps overlap over tine to form
some kind of hill ocks.

6.1.1.2 Conposition

The garbage collected in nost of the tows is over
90% vegetable matter/agricultural waste products. In
one of the studies carried out for Kanpala Gty
Council and Jinja Minicipal Council by the Wrld
Bank, the conposition was found to be as given in
Tabl e 6.1 bel ow.

TABLE 6.1
COVPCSI TI ON OF MUNI Cl PAL GARBAGE (%
KAMPALA JINJA
Veget abl e matter 73.8 93.0
Paper 5.4 3.0
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Pl astic 1.6 1.0
Met al 3.1 0.5
d ass 0.9 1.1
Street debris 5.5 1.4
Tree cuttings 8.0 -
Sawdust 1.7 -

6.1. 2Esti mati on _of Met hane Em ssions

Since the Minicipal Solid Wastes are virtually not |and-
filled it is difficult to use sone of the formulae sug-
gest ed. Sonme estinmates have however been nade based on
the conversion factor of 21.5 kg of nethane per tonne of
garbage suggested by Olich (1990) for Muinicipal garbage
from devel oping countries. This conversion factor is 50%
of the average nethane recovery determned for the USA
using an enpirical nodel based on landfill gas recovery
dat a. Due to I|imted basic data from devel oping
countries, the range of default values of 25% to 75% of
the USA nean recovery value, is suggested for the
devel oping countries. The |ower conversion factor for
developing countries is due to differences in garbage
conposition factor and managenent practices. Most of the
| andfills in developing countries, including Uganda, are
open dunps. This situation tends to suppress anaerobic
deconposition while enhancing aerobic deconposition where
much of the methane forned is oxidised.

However, due to the high content of vegetable matter
(about 90% in the Uganda garbage, the nethane recovery
potential is nost likely higher than the average value
bei ng used in the cal cul ations.
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Table 6.2 below gives a summary of Muinicipal Garbage Collection and Methane Em ssions from
t he Garbage.
TABLE 6. 2
MUNI Cl PAL GARBAGE COLLECTI ON AND METHANE RELEASE ( TONNES)
YEAR 1988 1989 1990 1991
NAIVE GARBAGE METHANE GARBAGE METHANE GARBAGE METHANE GARBAGE METHANE
KAMPALA 43139 928 56870 1238 60087 1292 66591 1432
JI NJA 19934 429 22485 483 24985 537 27485 590
TORORO 1384 30 1456 31 1528 33 1600 34
MBALE 3921 84 4214 91 4507 97 4800 103
MASAKA 12067 259 9905 213 13770 296 1600 344
VBARARA 8506 183 9016 194 9526 205 10036 216
TOTAL 88951 1913 103948 2250 114403 2460 126512 2720
Source of Data: From G ty/ Town Council Records
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During the climte chanbge project sponsored by the US
CGovernment under the US Country Studies Programme, several
urban centres which were not covered under the UNEP/ GEF
project were visited and data on waste disposal was
collected. The conposition of the cabbage in nost of the
urban centres visited was mainly of vegetable matter and
paper and the nost comon disposal nethod was open
dunpi ng.

The towns of Kabale, Fort Portal, Msindi, Hoima, Lira and
@Qulu were visited and from the data collected, Table 6.2a
bel ow was conpi | ed.
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TABLE 6. 2a

M NI Cl PAL GARBACE COLLECTI ON AND METHANE EM SSI ONS ( TONNES)

YEAR 1988 1989 1990 1991
NAME OF TOW | GARBAGE METHANE GARBAGE | METHANE | GARBACGCE METHANE GARBAGE METHANE
Kabal e 6, 156 133 6, 765 146 8, 188 176 9, 026 194
Fort Port al 4,216 91 4,618 99 5, 020 108 5, 580 120
Masi ndi 2,662 57 2,816 61 2,913 63 3,026 65
Hoi ma 2,418 52 2,264 49 2,551 55 2,816 61
Lira 1, 346 29 1, 448 31 1, 562 34 1, 558 34
Gul u 1,244 27 1, 336 29 1, 384 30 1,492 32
Tot al 18, 042 389 19, 247 415 21,618 466 23,498 506

N. B. The nethodol ogy for estimation of nethane as explained in the first part of this Chapter was
foll owed for conparision purposes.
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6.1. 3Error Margins

6.2

There seens to be large differences between the expected
waste generation and the actual waste <collected for
dunmping. Wen the figures of garbage collected in Kanpal a
are conpared with the expected waste generation of 1.15
kg/ head/day it is found that the garbage collected is
about a quarter of that expected to have been generated.
Even if 1.15 kg/ head/day is too high, half of it is still
|l ess than 50% of the garbage is collected for conmunal
dunmpi ng. However, in the majority of cases the garbage is
di sposed of locally in shallow pits where it deconposes
aerobi cal ly.

SANI TATI ON FACI LI TI ES

The follow ng sanitation facilities exist in the country:
(1) Water borne - use of sewer lines or septic tanks.

(2) VIP Latrine - a recent innovation nostly being intro-
duced by NGO and UN CEF.

(3) Bucket latrine system - though a very old nethod and
out-dated sone towns, e.g. Arua and Kabale stil
mai ntain this system

(4) Straight drop pit latrine - these are the nost common
in all areas of the country.

(5 None at all
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The Table 6.3 below based on the 1991 housing and

popul ati on census sumari ses the use of toilets:
TABLE 6. 3
PERCENTACGE USE OF SANI TATI ON FACI LI TI ES
TA LET KAMPALA OTHER URBAN RURAL AREAS

Wat er borne, not 8.5 8.7 0. 08
shar ed
Wat er borne shared 5.6 11.6 0. 04
Pit latrine not 11.5 13.6 52.6
shar ed
Pit Latrines shared 71.1 61. 3 22.6
None 2.6 4.5 24. 5
Q hers 0.7 0.3 0.7
Popul ati on 773, 000 1, 103, 000 14, 707, 000
Popul ati on using pit 643, 136 826, 147 11, 059, 664
| atrines
Tot al 12, 528, 947

From Table 6.3 above, it is very clear that use of pit

latrines is the nost preval ent

75% in the urban and rura

of Kanpal a.

tion facilities wll
from pit
concerni ng urban water

rel ease

first.

at the nonent
| atri nes.

borne t

in the country,
areas and about 83%in the city
Cal cul ation of nethane released from sanita-
only take into account
sone
facilities are given

However ,
oil et

6.2.1Urban water borne toilet facilities

The wurban popul ation estinated
facilities
the total

toil et
0. 02% of

i s about

nati ona

the population as pointed out
The results of a survey carried out by nenbers of the task

force in

the nmajor

t owns

popul ati on.

regarding use of

to be using water
332,900 people which is about
The mgjority of
before use pit

bei ng about

statistics

bor ne

| atri nes.

wat er borne

toilet facilities is given in Table 6.4. bel ow
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TABLE 6. 4

STATI ON AVAI LABLE RECORDS

Kanpala | None - files m spl aced.

Jinja Uses sewage | agoons and septic tanks

Moal e Two sewage | agoons in use for the inner town while
nei ghbouring areas use septic tanks. Fromthe Water
and Sewerage Corporation, Male, there are about
2,000 famly accounts wi th about six people per
famly, that is 12,000 people.

Masaka Al nost full records were available from 1990 - 1992.
The records are as foll ows:
1990 - 69.3 netric tons
1991 - 65.7 netric tons
1992 - 76.7 netric tons

Moarara | Two sewerage | agoons avail able but not in nuch use,
presently septic tanks are being used.

Tororo Two sewerage | agoons in use for inner town, neigh-

bouring areas use septic tanks. Qut of the town's
26,000 people it is estimated that 25%is connected
to the sewerage | agoons.

6.2.2Met hane rel ease frompit latrines

To calculate the nethane released from pit latrines the
formula recommended (for sewage treatnent facilities) in
the proceedings of the International |PCC Wrkshop on
Met hane  and Ni trous oxi de in nat i onal em ssi ons
inventories and options for control (February 1993) was

adapt ed.

In this formul a,

Em ssions (kg CHi/ year)

Popul ation x kg BOD/Capita/day x 365 x Production
Potential kg CHis/ kg BOD x Fraction anaerobically

di gest ed.

Wher e:

Popul ation using pit latrines = 12.529 x 10°%
Kg BOD Capita/day = 0.037 (default value for Africa);

101




6. 2. 3Production Potenti al

In an experinent by a Tanzanian GHG I nventory Teamto
determne the CHy and CO; emi ssion factors from septic
tanks, pit latrines and anaerobic ponds using the
five day bio-chem cal oxygen demand for Dar-es-Sal aam
the followi ng results were obtained.

WASTE SYSTEM PRODUCT! ON POTEN- PRODUCTI ON POTEN-
TI AL TI AL kg/ CHy/ kg BOD
(gramres/litre)
(g/l)
Septi c Tanks 18 0. 0857
Anaer obi ¢ pounds 10 0. 0769
Pit Latrines 5 0. 0227

6. 2. 4Sour ce of Dat a:

Tanzani an Nat i onal GHG | nvent ory Repor t
1994

The production potential for the pit latrines is taken as
0. 0227 kg CHs/ kg BQOD;

6. 2. 5Fracti on Anaerobically digested

An average pit latrine in Uganda can reasonably be assuned
to be about six netres, being generally deeper in the
urban areas and shallower in the rural areas. Si nce
anaerobic digestion is expected to take place below a
depth of one netre, the greatest fraction of anaerobically
digested matter is 5/6(0.833) and the |owest zero.
Therefore, the average is 0.417 which is taken as the
fracti on anaerobically digested.

Substituting for these factors,
therefore, Em ssions (kg CHi year)
12.529 x 10° x 0.037 x 365 x 0.0227 x 0.417 kg

1. 60167 x 10° kg
1.602 &g

If <calculations are mde wusing a nethane production
potential of 5 g/l and an average excreta density of 1.464
kg/l as estimated by the Tanzanian's, the nethane rel ease
of about 1.6 x 10° kg/year would inply an average excreta
generation of about 100 g/person/day which | think is not
unr easonabl e.
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This inplies that the calculated em ssion of 1.60 Cg/year
for pit latrines is within reasonable limts.

The summary of results is given below in Mninmm Data
Tabl es 6A and 6B.
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7.

CHAPTER SEVENCHAPTER SEVEN

Bl OVASS AND Bl O FUEL CHARACTER!I SATI O\ 1.

"G eenhouse Gas Em ssions from agricul tural
Resi due Bur ni ng" To be presented at the
UNESCO' | PPS  Regi onal Conference on Capacity
Bui I ding in Physics, Nairobi, Kenya, 19th - 23rd
Sept enber 1994. 2. To be published in the
Proceedi ngs under UNESCO African Network of
Scientific and Technological Institutions as
present ed in (1) above. 3.
"Characterisation of Agricultural Crops for
Estimation of Energy and G eenhouse (gases
released in Burning of their Residues" in the
African Journal of Science and
Technol ogy UNESCQO ANSTI, Nairobi, Kenya. .

Bl OVASS AND BI O FUEL CHARACTERI SATI O\

1. " & eenhouse Gas Em ssi ons from
agricultural Residue Burning". To be presented
at the UNESCOIPPS Regional Conference on
Capacity Building in Physics, Nairobi, Kenya,
19th - 23rd Septenber 1994. 2. To be
published in the Proceedings wunder UNESCO
African Network of Scientific and Technol ogi cal
Institutions as presented in (1) above. 3.

"Characterisation of Agricultural Crops for
Estimation of Energy and G eenhouse gases
released in Burning of their Residues"” in the

African Journal of Science and
Technol ogy UNESCQO ANSTI, Nairobi, Kenya.

Bi omass and Bio-fuels vary in their carbon and nitrogen
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contents depending on the climate and soil-type in a given
regi on. This wvariation therefore influences the net-
heating values of the bio-fuels as well as their intensity
of the GHG em ssi on.

A variety of species of biomss comonly conbusted during
bush clearing by fires were collected through a process of
stratified sanpling, where the spatial distribution as per
ecosystem was the basis for stratification. Twel ve
sanmples of grass as well as thirty six sanples of
agricultural crops in Uganda were collected by stratifying
areas in the country according to vegetation and the
comon bio-fuels used. These sanples were subjected to
| aboratory investigation. A total of sixteen sanples of
wood-fuel and seven sanples of charcoal from known trees
of origin, were investigated.

Bi o-gas from cowdung arising from anaerobic digestion in
a digester with a retention tinme of 60 days or nore, was
al so examned. Wile this is not strictly the concern of
the current study, its future potential as a viable bio-

fuel makes a worthy investigation for conpleteness. In
any case the materials from which the biogas nmay be
generated would have known C/ N ratios. Finally, the

heating values of all the biomass and bio-fuel sanples
were al so det erm ned.

7.1 DETERM NATI ON OF CARBON CONTENT

Carbon is oxidized at a tenperature of approximately 120
degrees celsius by adding a potassium dichromat sol ution
and concentrated sulphuric acid to a given bionmass/bio-
fuel sanple in powder form The excess of potassium
di chromat, not reduced by the organic matter of the
sanple, is determned by titration with ferrous sul phate
and wth diphenyl am ne-4-sul phonic acid Ba-salt as an

i ndi cator. Phosphoric acid is added to form a conplex
with ferric iron providing a sharper colour change of the
i ndi cat or. The carbon content of a sanple was then

determned fromthe equation:

C%={[3(b - s)]/b/W x Mx 100

wher e

b =mM of FeSo4 used for the blank determ nation
s =m of FeSod used for the sanple determnation
3 = equi val ent wei ght of carbon

W= wei ght of sanple

M = noisture correction factor

7.2 DETERM NATI ON OF NI TROGEN CONTENT
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Conmpounds containing Nitrogen in the Bionass/Bio-fuels are
reduced to ammoni um conpounds by Kjeldal digestion pro-
cedure nmaking use of sulphuric acid, selenium copper
sul phat e and sodi um sul phat e.

Sul phuric acid is a dehydrating as well as an oxidizing
agent whereas Se and CuSo4 are catalytic agents. The
Na2So4 increases the boiling tenperature. After the
digestion is conpleted, a sub-sanple is taken out to which
an excess of NaOH is added. Ammonia, NH3 is subsequently
distilled over into boric acid and then titrated wth
pot assi um bi -i odate. The N trogen content of sanple is
t hen cal cul ated fromthe equation:

No=[(s - b MW x 14 x (50/V x Mx 100

wher e

S=m of KH(103)2 used for sanple titration
b =m of KH(103)2 used for blank titration
m= nolarity of the KH(103)2

14 = atomc weight of N

50 = volune of digestion tube

V = m used of the digest

100 = conversion factor for %
W= wei ght of sanple
M = noi sture correction factor

7.3 THE G AND N CONTENT OF Bl O GAS

The carbon content of Bio-gas was determ ned using the
conposition analysis by Osat Chem cal absorption Appar-
atus. The main contribution to G is C& and CHi. The CO
and other trace gases are in mnute quantities and in any
case i ncl udi ng CO would gi ve doubl e counti ng.
Contribution to N (which is near zero) is largely from
NO‘ and NHs which appear only in traces and hence CNratio

has not been nade. In actual fact, it is really the CN
ratio of the materials digested to produce Bio-gas which
is of cardinal inportance. In the Osat Chem cal

Absor ption Apparatus, the constituent gases of Bio-gas are
absorbed separately one after the other in different
absorption vessels containing various chem cal s.

7.4 NET HEATI NG VALUE OF Bl O FUEL

Measured quantities of the bio-fuel sanples were each
conpletely burned in a conbustion chanber. The net
heating values (equal to the gross heating value less the
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heat carried away by the products of conbustion) estimated
over the heat gained by neasured quantities of water in a
i ght calorinmeter of known mnass.

In the case of Bio-gas, the gross heating value is given.
This is obtained through a calculation based on the
conposition conponents which are mainly CH, and CO. The
hi gh heating value, therefore, assunes that all Bio-gas
is made up of CHs with only traces of COp.

7.5 OITHER PARAMETERS

Wet or dry matter weights and related quantities, as well
as product to residue ratio, were determned by sinple
measurenents on the bi omass sanpl es when wet and dry. The
residue of any sanple of biomass is actually the part
which is considered waste for exanple, the peels of
bananas or potatoes and the husks of grain crops, etc.
The carbon content per tonne of dry matter is obviously
much higher than that of wet matter and hence, nost
nmeasurenents adopted are those of dry matter. For wet
wood, the values are 0.030 to 0.055 conpared to 0. 380.

The above-ground mass of the biomass was determ ned by
specific field neasurenents and extrapolations based on
vegetation distribution and on site sanples of comon bush
clearing by fire.

The  summary  of results for the Bi omass/ Bi o-f uel

characterisation are shown in the Table 7.1 and 7.2 at the
end of this description.

7.6 ESTI MATI ON OF ERRORS

The errors obtainable in the tabulated results are from

the experinental neasurenents. The intrinsic qualities
like water content of the raw material, dry or wet, are
al so a source of uncertainty in the final results. It is

considered sufficient to give possible error Iimts for G
, N contents and the derived ratios at 5% The heating
values have error limts of the order of 2% whereas the
resi due/ product is about 5% on the average.

TABLE 7.1
Bl OMASS/ FUEL EXPERI MENTAL PARAMETERS
BIOFUEL | C COM N- CON- C/'N N C ENERGY
TENT TENT RATI O RATI O OUTPUT
(TONNES | ( TONNES NET
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OF C PER | OF N PER HEATI NG
TONNE OF | TONNE OF VALUE
DRY MAT- DRY MAT- (Q&/t)
TER) TER)
WOOD 0.272 0. 0098 13.9 0. 0253 9.3
TO to to to to
0. 388 0. 0197 39.6 0.0720 11.6
CHARCQAL 0. 794 - - - 25.2
to to
0.901 29.4
Bl O GAS 8% FROM - (H G&H) ( NEAR LOW 26. 6
00 ZERO) H GH
(68. 4% 48% FROM 42.0
CHy M/ CUBI C
CHa) = 56% c- M
( GROSS)
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TABLE 7.2

Bl OVASS/ Bl O FUEL EXPERI MENTAL PARAMETERS FOR CRCP RESI DUES

CROP WASTE C- CONTENT N- CONTENT aN N C ENERGY RES/ PROD
(tonne of (tonne of QUTPUT UCT
Ctonne (Dry N tonne (Dry (&r/t) RATI O
Mat t er) Matter)
Bananas 0. 312 0. 009 34.7 0. 0288 7.6 0.4
Finger Ml et 0. 326 0.016 20.4 0. 0491 8.4 1.1
Mai ze 0. 329 0. 0053 62.1 0.0161 8.9 1.0
Sor ghum 0.284 0.011 25.8 0. 0387 8.3 1.2
Rice 0.248 0.012 20.7 0. 0484 8.1 1.4
Wieat 0.314 0.014 22.4 0. 0446 7.2 1.2
Sweet Pot at o 0. 365 0.0123 29.7 0. 0337 7.9 0.3
Irish Potato 0. 345 0. 0175 19.7 0. 0507 7.6 0.4
Cassava 0. 332 0.023 14. 4 0. 0693 8.3 0.3
Beans 0.297 0. 007 42. 4 0. 0236 7.7 0.7
Fi el d Peas 0.297 0. 033 9.0 0.1111 7.6 0.6
Cow Peas 0.293 0. 0245 12.0 0. 0836 7.7 0.6
Pi geon Peas 0. 299 0.034 8.8 0.1137 7.6 0.7
G oundnut s 0. 296 0.014 21.1 0. 0473 8.3 1.0
Soya Beans 0. 335 0.021 16.0 0. 0627 7.8 0.7
Si msi m 0. 189 0. 033 5.7 0.1746 8.3 5.1
Sugar cane 0. 347 0. 0035 99.1 0. 0100 8.8 0.3
Cof f ee 0. 381 0.0175 21.8 0. 0459 8.9 0.8
Cotton (Stalk) 0. 342 0.0192 17.8 0. 0561 9.1 12.5
M xed grass 0. 305 0. 0183 16.7 0. 0600 7.9 -
El ephant Grass 0. 269 0.014 19.2 0. 0520 8.0 -
Swanp G ass 0.277 0.018 15. 4 0. 0650 7.4 -
Savanna G ass 0. 306 0. 019 6.1 0. 0621 7.6 -
Papyrus G ass 0.314 0. 0099 31.7 0. 0315 7.3 -
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GOSSARY AND  ACRONYMS  USED  IN  THE
REPORTG OSSARY AND ACRONYMS USED IN_THE
REPORT

ASN = Ammoni um Sul phate N trate

BOD = Bi o-chem cal oxygen demand

CAA = CGvil Aviation Authority

CAN = Calcium Ac”Tmonium Nitrat e

CaO = Cal ci um Oxi de

CFCs = Chl orof | uor ocar bons

CHy = Met hane

Cl DA = Canadi an I nternational Devel opnent Agency
CO, = Carbon D oxi de

ESMAP = Energy Sector Managenent/Assessnent Program (World
Bank)

FCCC = Framewor k Convention on O imate Change
FUELWOCOD = Fi rewood

g = gramme

GDP = G oss Donestic Product

GEF = d obal Envi ronrrent Facility

& = G ga grammes (10°)

GHG = G eenhouse Gases

| NC = Intergovernnental Negotiating Commttee

| PCC = Intergovernnental Panel on dinmate Change
kg = Ki | ogramme

I =litre

LPG = Liquid Petrol eum Gas

MV = Mega (MIlion) Watts

N.O = Nitrous Oxide

NBS = National Bionmass Study

NEAP = National Environnment Action Plan

NEC = National Enterprises Corporation

NGO = Non- Gover nnental Organi sati on

NWQOC = Non- Met hane Vol atil e O gani c Conpounds
NO = xi des of N trogen

NPK = N trogen Phosphat es Pot assi um

OECD = Organisation for Economc Co-operation and
devel opnent

SCOUL = Sugar Corporati on of Uganda Limted

Tg = Tera grammes (10%g)

TCE = Tonnes of Q| Equival ent

TPPP = Transport Policy and Pl anni ng Proj ect

UEB = Uganda El ectricity Board

UN = United Nations

UNCED = United Nations Conference on Environnent and
Devel oprrent

UNEP = United Nations Environnent Progranme

113



UNI CEF = United Nations Children's Fund
URC = Uganda Rai | ways Cor poration
WOOD- FUEL = Charcoal and Firewood

APPENDI X 1APPENDI X 1

COMVENTS ON THE | PCC
METHODOL OGYCOVVENTS ON THE | PCC METHODOL OGY

Sector specific comments on the | PCC Methodol ogy have been given in
the main Report under the various sectors. A few nore comments are given
her e bel ow

1. The recomended Methodology for the conversion of wood-fuel to
charcoal was found to give erroneous results. So a sinplified Methodol ogy was
adopted as can be seen in Section 1.9. 3.

2. Conversion of grasslands to cultivated lands results in a reduction
of the above ground Bi onass. A Met hodology for estimating the CO em ssions
due to this reduction in Biomass should therefore be devel oped.

3. The sanitation facilities used by the majority of the population in
devel oping countries is pit latrines. It is therefore necessary to develop a
nmet hodol ogy which can be used to estimate nethane emssions from these
sanitation facilities.
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APPENDI X 2APPENDI X 2

This Appendix 2 contains the resolutions and recommendations from
the Steering Conmttee Meeting and the National Wrkshop.

1. STEERI NG COW TTEE MEETI NG
1.1 POLICY OPTIONS AND VI EVWS

The following are the Policy Options and Recomendations from the
proceedings of the Steering Commttee Meting on the National Inventory of
Ant hr opogeni ¢ Sources and Sinks of G eenhouse Gases which was held on 7 March 1994
I n Kanpal a.

a. Participants agreed that even a snall country |ike Uganda
contributes GHG em ssions to the atnosphere. Therefore, it was argued that these
st udi es shoul d be supported and Environnental Research should receive nore support.

b. Menbers noted that nore work ought to be done on |and-use as it
could be the key to GHG i ssues and other related activities. This is especially so
considering that this inventory will be used in formulating further policy options

I n ot her aspects of environnental nanagenent.

C. Noted that efficient utilisation of fuels nade good econom c sense
and was good for the environnent. It was therefore essential to adapt cleaner and
nore efficient fuels.

d. Re-afforestation was recommended as a policy except that it should
always follow appropriate research to ensure the right species for maxinmun
absor pti on.

e. Oh emssion permts and regulations, the neeting noted that
subsidies and taxation may be difficult to inplenent and that such policies should
be adapted after ascertaining the capacity to inplenent them For exanple |icensees
may often be the culprits (due to taxation) and hence wll fail to inplenent
policies due to different interest groups. It was therefore necessary to | ook at
other alternatives as incentives within the natural resources sector. For exanple,
tax reductions could be incentives.

f. It was noted that awareness was still a problem and the nenbers
recommended that environnent awareness should be nmade a major policy of governnent.
If taxes, for exanple, are inposed, people should be well inforned so as to
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understand the role of taxation.

. Most menbers were of the view that Uganda is not a net emtter.
They felt that data used was rather scattered and hence the GHG estinmate was not
accurate. They recommended further research and fine-tuning through increased data
col I ecti on.

h Participants called for nore research before suggesting policies
whi ch should have a legal frame-work. They noted that nost policies are hurriedly
put in place w thout ensuring inplenmentation capacity.

At policy level, investnent objectives should be synchronised wth
t he environnental managenent objectives. This will call for nore coordination with
t he various sub-sectors.

1.2 RECOMVENDATI ONS AND POLI CY | MPLI CATI ONS

The neeting endorsed the strategies as recommended s which were as
foll ows:

a. Strategies to limt CGHG em ssions

i | mproving energy efficiency so as to reduce demand for
energy and hence the amount of O generated during energy production - thus inprov-
I ng econom ¢ performance, reducing other pollutant em ssions and increasing energy
security.

ii. Using cleaner energy sources and technologies - this
reduces em ssions of CO and pollutants that cause acid rain and ot her environnental
probl ens.

iii. Inmproving forest managenent and expanding forest areas
thus increasing the size of a major global carbon sink.

iv. Adapting agricultural practices which reduce em ssions of
CHs and NO, e.g. inproving livestock waste mnanagenent, reducing the nitrogen
content of fertilizer and inproving rice cultivation techniques.

b. Strategies to reduce the inpacts of clinmate change.

i devel opi ng energency and disaster preparedness policies
and programres;

ii. Inmproving the efficiency of natural resource use to
mnimse the inpact of clinmte change on e.g. food security, water supplies and bio-
di versity.

C. Strategies to help society to adapt to new clinatic conditions.

o i_ research to r educe scientific and SOcCi 0- econoni c
uncertainties about climte change;

ii. expansion in ocean/|ake observation and nonitoring;
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iii. developnment of new technologies in the fields of energy,
I ndustry and agriculture, e.g. efficient cook stoves;

iv. reviews of planning in the fields of energy, industry and
agriculture, e.g. drought resistant crops.

V. Public information programes advocating changes in
behavi our, e.g. reduction in the use of private transport.

d. Limtation and adaptation policies can be inplenmented through
channel s such as:

o o Regul ations and econom c mechanisns, e.g. emssion fees,
fuel subsidies; em ssion permts and regul ations can encourage industry to adopt |ow
em ssion fuels and technol ogi es;

ii. Technol ogy devel opnent and transfer;

iii. International agreenents, e.g. Mntreal Protocol UNFCCC
etc.

Finally, it was agreed that the polluter pays principle should be
encour aged. This should be applied selectively first covering only those who are
supposed to know and can afford it, e.g. Industrialists and Institutions.

2 THE NATI ONAL WORKSHOP

The following are reconmendations on policy and technol ogical options
from the proceedings of the National Wrkshop on Sources and Sinks of G eenhouse
Gases held in Kanpala from 31 May to 1 June 1994.

2.1 WORKING GROUP ONE: ENERGY, | NDUSTRY AND WASTES

a. Enerqy Sector

i That use of large Transit Transport Systens be adopted
instead of the cars and m nibuses which are costly, cause congestion and give high
em ssi ons;

ii. That there is need for capacity building for
handl i ng em ssi ons of greenhouse gases;

iii. That Governments should handle (estimate) their own |oca
aviation em ssions but where this is not possible, then an international opinion be
sought, e.g. overflying planes; and

iv. That regional co-operation in fuel taxation should be
encouraged so as to harnoni se fuel prices and thus conbat snuggling.

b. | ndustry Sector

i that bodies |ike the Uganda Manufacturers Association
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(UMA) Uganda |Investnent Authority (U A) and Uganda Natural Bureau of Standards
(UNBS) should work jointly in setting up standards for industrial products so as to
standardi se their quality;

ii. that institutions which use wood-fuels be encouraged to
have their own raw material sources, (i.e. tree plantations);

iii. adoption of appropriate and cost effective technol ogy
whi ch suits the environnental requirenents should be encouraged.

C. Sol vents _and Waste

i that the Departnent of Environnent should be requested to
set up standards on the use of Solvents;

ii. that recycling of industrial and Donestic Wste be
encour aged;

iii. that proper waste disposal facilities be set up so as to
enabl e net hane harvest; and

iv. that the use of bio-degradable paper bags as packaging
mat eri al shoul d be encouraged as opposed to the use of plastic bags.

2.2 WORKING GROP TWO  AGRI CULTURE AND SAVANNA BURNI NG

i That for a conplete inventory, the role of fruit trees and
shrubs as sinks of CO should be put under consideration;

ii. That the populace should be sensitized on the adverse effects
of bush burning and that the existing |laws against indiscrimnate bush burning
shoul d be reinforced,

iii. That the em ssions from wi | d-gane especially those confined in
zoos and National Parks should be consi dered;

iv. That proper use of some agriculture wastes as nul ches or ani nal
f eed shoul d be encouraged i nstead of burning;

V. That conversion of sonme agricultural wastes into energy through
bi o- degradati on shoul d be encouraged;

vi. That the growth of wupland rice be encouraged so as to reduce
the growth of paddy rice which results in CH; production;

vii. That the use of organic manure should be pronoted as opposed to
| nor gani ¢ manur e;

viii.That these given recommendati ons and other relevant environnent
educati on aspects should be included in the school syllabi; and

iXx. That extension workers should be given refresher courses about
greenhouse gases from time to time so as to encourage continuous nonitoring of
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em ssions fromagricultural practices.

2.3 WORKING GROUP THREE: LAND- USE CHANGE AND FORESTRY

i That fresh clearance of forests and grasslands for agriculture
and ot her purposes shoul d be di scouraged,;

ii. That the existing legislation covering the gazetted forest
areas should be strengthened and that a new |l egislation to cover forests outside the
gazetted areas should be established so as to enable the proper nonitoring of
changes in the privately owned forests;

iii. That the use of proper agricultural practices which reduce the
rate of forest and grassland clearing shoul d be encouraged,

iv. That to the extent possible, the wuse of wetlands for
agricul tural purposes should be discouraged and in cases where this is not possible
t hen sustai nabl e use of the wetlands shoul d be encouraged;

V. That forestry programmes which result into re-afforestation
shoul d be enhanced;

vi. That the population should be sensitized on the sustainable use
of forestry resources;

vii. That agro-forestry shoul d be encouraged;

viii.That funding (both | ocal and external) , transfer of

appropriate technol ogy, capacity buil ding, public awareness, research and
devel opnent shoul d be encouraged.

APPENDI X 3APPENDI X 3

M NERGG SOFTWAREM NERGG SOFTWARE

Copies of the MNERGG Software outputs have been attached for
conparison with the results in the main report.
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