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Brief Profile

Full name: The Republic of Angola
Population: 18.9 million (UN, 2010)

Capital: Luanda

Area: 1.25m sq km (481,354 sq miles)

Major languages:  Portuguese (official), Umbundu,

Kimbundu, Kikongo
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Major religion: Christianity

47 years (men), 51 years
(women) (UN)

1 kwanza = 100 lwei

Oil, diamonds, minerals, coffee,

fish, timber

Life expectancy:

Monetary unit:
Main exports
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Economy, Growth and Emissions

Energy Sector

The energy sector is mostly dominated by biomass, as 65% of the total primary energy
demand is covered by the use of biomass, mostly as firewood but also as charcoal from
wood and residues?. The intensive use of firewood is fuelling factor for deforestation;
therefore, possibilities for emission reductions exist through more efficient use and re-
placement of non-renewable biomass.

Approximately 10-13% of the population has access to electricity in Angola3. Electricity
consumption in the capital city of Luanda accounts for 65% of the total demand. The grid
and electrical distribution in Luanda is the responsibility of the state-owned EDEL. The
national grids consist of three larger non-connected distribution grids, including the one in
Luanda. A number of other isolated grids are spread throughout the country, some of
which used to be a part of the larger system, however due to the civil war they are now
isolated because of broken transmission lines. Most industries, and many households, in
Angola have their own backup generation systems to compensate for frequent outages of
grid supplies. This eventually leads to very high electricity costs for many consumers, in
practice, despite the low electricity tariffs. The electrical capacity is mainly dominated by
hydropower, as in many other African countries. About 65-70% is derived from hydro-
power, 25% is from gas and diesel in dispersed generators, and the last 5-10% is from
imported coal.

The northern grid, wherein Luanda is located, is by far the largest of the three grids with
approximately 88% of the total Angolan operational capacity. There is, in fact, an oversup-
ply of electricity in the northern grid. A connection to the central grid, and further to the
southern, is still in the planning process. Moreover, no international connections are es-
tablished, although there are plans to be a part of the Southern African Power Pool (SAPP).

The Empresa Nacional de Electricidade (ENE) is a vertical integrated state-owned utility,
responsible for generation, transmission and distribution, with the exception of Luanda
where EDEL is responsible for distribution. The Ministry of Energy and Water (MEWA)
has already developed a sector strategy with other donor assistance that includes unbun-
dling the Angolan power sector while engaging the private sector in management, opera-
tion, and possibly ownership of distribution, transmission, and generation infrastructure.
A regulatory body for electricity is also in the process of being established. When opera-
tional, it will oversee the national electricity sector, ensuring electricity related law im-

2 2011, www.reegle.info

32006, International Energy Agency “Angola - Towards an energy strategy 2006”.
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plementation, electricity generation concessions/licenses, and import/export of electric-
ity

Angola also has a surplus production of oil products, and by 2009 the country became a
member of OPEC. In 2008, crude-oil production was 1.875 million barrels per day (bpd).
This was up from 745,000 bpd in 1999, and as the domestic consumption was only 64,000
bpd, much of the oil production was exported. In addition to oil production, Angola has a
small natural gas production industry, which is used for the industry sector. Angola has
9.5 trillion cubic feet (Tcf) of natural gas reserves, as of 1 January 20085. The current and
potential levels of oil and natural gas production are areas for possible CDM projects in
terms of flaring and fuel-switch.

Economy
The graphs below give an overview of the structure and growth of Angola’s economy over
the years, as well as the progression in emissions.
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Figure 3. Economic growth since 1990 (GDP percent change)
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Figure 4. Economic growth since 1990 (GDP USD billions)

Figure 5. Economic growth since 1990 (GDP per capita)
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Figure 6. COz emissions per year in ktCOz/year

Status of CDM Development
and Capacity Building in Angola

No CDM projects have been registered in Angola yet despite the vast potential described in
the coming sections. However, in November 2011 five large-scale project PDDs had been
delivered to undergo the validation process. Four of the projects were implementing re-
newable energy technologies, while three were hydropower, and one was a wind power
project. The last project was producing liquid natural gas (LNG) from natural gas that, in
the absence of the project activity, was flared or used for energy purposes on-site. An
overview of the projects can be seen below.

Name Status Type tCO, reduction/ Date of

year submission
Cambambe Hydroelectric At validation Hydropower 3,282,016 10-11-2011
Second Power Plant CDM project

Project - Angola

Tombwa Wind Farm CDM At validation Wind power 157,258 10-11-2011
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Project - Angola project

Repowering of Cambambe At validation Solar (Solar PV 1,529,311 10-11-2011
Central | Hydroelectric Power water disinfec-

Plant CDM Project - Angola tion)

Gove Hydroelectric Power At validation Energy efficiency 169,275 10-11-2011
Plant CDM Project - Angola households

Angola LNG Project of Cap- At validation Energy efficiency 13,709,960 10-11-2011
ture and Utilization of Asso- households

ciated Gas

These projects generally hold the largest potentials for emissions reduction as a result of
the relatively high level of national oil and gas exploration, followed by reduction poten-
tials in wind energy and hydropower.

The Angolan DNA is in place and functional in all five projects, which are developed by the
same private company, Angola Carbon S.A., who have been through the approval process
carried out by the DNA. Furthermore, a grid emission factor has been calculated for two of
the three largest separated grids. Both the northern and southern grids have the same
emission factor of 0.473 tCO2/MWHhe.

Angola is also amongst the countries taking part in the ACP-CD4CDM project, implemented
by the UNEP Risoe Centre. The project is part of the European Commission Programme for
Capacity Building related to Multilateral Environmental Agreements (MEAs) in African,
Caribbean and Pacific (ACP) countries. The aim of the project is to enable countries to take
part in the carbon market through capacity building.

Overview of CDM Opportunities in Angola

Agriculture and Forests

According to Angola’s National Communication, 53,000,000 ha of land are considered for-
est, which translates into 43.3% of the national territory. However, only 2% is comprised
of humid natural forests with high biodiversity; 65.2% constitute a mosaic of forest and
savannah, including woodlands (miombos), which are socially and economically important
for the production of fuelwood and NTFP (Non-Timber Forest Products). The remaining
percentage is occupied by dry savannah, with sparse trees and/or bushes, desert and sub-
desert steppes of low productivity.” Mangroves also form an important part of Angola’s
coastal areas. The terrestrial carbon stocks amount to a total of approximately 9,650 Mt,

6 From the PDD’s of the “Cambambe Hydroelectric Second Power Plant CDM Project - Angola” and the “Tombwa Wind Farm
CDM Project - Angola” CDM-projects.

7 http://unfccc.int/resource/docs/natc/agoncl.pdf
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where 7,600 Mt are stored in biomass, and the remaining 2,050 MT in soils.8 According to
estimates from the Global Forestry Resources Evaluation, Angola has a current annual
deforestation rate of 0.2% and 0.25% for natural forest coverage and forested plantations,
respectively.

Forest Carbon Options

Angola possesses significant opportunities for initiating large-scale afforesta-
tion/reforestation activities, which hold several economic, social and environmental ad-
vantages while alleviating the pressure on natural forests. There are large extensions of
existing land that have the potential to implement such programmes. Additionally, much
of these areas are marginal and not appropriate for agriculture, making the land ideal for
the re-conversion of forest plantations.

Afforestation and Reforestation of degraded forest lands and mangrove habitats are possi-
ble under the Clean Development Mechanism. However, despite the potential to mitigate
climate change through forest regeneration, A/R CDM activities have remained underde-
veloped compared to other CDM sectors. This is mainly related to the complexity of the
A/R CDM procedure and the limited market demand for A/R CDM credits, since CERs from
these projects are not eligible in the European Emission Trading System. Furthermore, in
order to address issues related to non-permanence, only tCERs are issued to A/R CDM
projects. Nonetheless, Africa holds a significant share in the global CDM forestry sector by
hosting 30% of all A/R CDM activities, which represent 8% of CDM activities in Africa®,
altogether reflecting the continent’s potential for abatement in the LULUCF sector. While
there are currently no A/R CDM activities in Angola, the country holds significant potential
for generating financial flows from forest carbon activities under the CDM as well as under
REDD+ and NAMA initiatives.

The forestry sector in Angola is managed by a set of institutions that are responsible for
defining and developing policies, and for being decision-makers. Due to a lack of human
and financial resources, it has been difficult for the organizations to carry out their re-
sponsibilities. Nevertheless, Angola is currently undertaking legislative reforms in the for-
estry sector, while FAO is assisting the Government of Angola in carrying out a national
forestry assessment with the aim of producing comprehensive information on the state of
forests in the country. Presently, Angola is not participating in any REDD+ preparedness
activities, but potential income from REDD+ projects in the country are considered to be
substantial.10

8 http://rainforests.mongabay.com/20angola.htm
9 UNEP Risoe CDM/]I Pipeline Analysis and Database, June 1st 2012.

10 http://www.sadc.int/REDD/index.php/redd-in-sadc-countries/angola/
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Calculating the potential emission reductions from REDD+ activities in Angola demon-
strates that there is mitigation potential if deforestation is avoided completely. Assuming
that the baseline is entirely based on historical emissions, avoided emissions are calcu-
lated by multiplying the annual deforestation in Angola, estimated to be 124,800 ha per
year (based on numbers from the period 1990-2010),1t with 82 tC/ha, which is the ap-
proximate amount of tons of carbon stored per ha in the country’s forests, annually.12
Based on this data, and the conversion of 1 ton of biomass carbon to the equivalent of 3.67
tCO,13, avoiding deforestation, alone, in Angola has the potential to contribute to more
than 35 million tons in CO; emission reductions every year. Reversing the trend and add-
ing forest regeneration to these estimates would increase this number even more. Affore-
station/reforestation initiatives aiming to replant 50% of the loss in forest cover during
1990-2005 (-1,872,000 ha), would require the regeneration of 936,000 ha of forest land,
which could generate about 280 million tCOze reductions every year.

Technology type Emission Reduction Potential Baseline Methodologies
per year (tCO,e)

REDD+ / Avoided deforestation 37,557,312 Historical baseline
Afforestation/ 281,679,840 AR-AM1, AR-AM3, AR-AM4, AR-AM5,
Reforestation AR-AM9, AR-AM10, AR-AMS1, AR-

ACM1, AR-ACM2

Fuelwood

As in so many other African countries the majority of the population depend on biomass
for their everyday energy purposes, i.e. water heating, cooking and lighting. In Angola this
adds up to be about 80% of the population,!* the majority of which are living in rural areas
and utilizing biomass as firewood. In urban and peri-urban areas, the biomass is mostly
utilized as charcoal. The demand for wood is, therefore, also a significant driver of forest
degradation and, subsequently, the release of GHG emissions. For this reason, any project
that could make the use of biomass more efficient, cleaner, cheaper, etc., or even replace
the use of biomass, will have a great impact on sustainable development in terms of health,
economic, daily workload and environmental issues. Nevertheless, there are some issues
regarding projects where the quantity of non-renewable biomass is used as a baseline, as
this fraction of used biomass that is non-renewable is very difficult to establish.

11 http://rainforests.mongabay.com/deforestation/2000/Angola.htm
12 ftp://ftp.fao.org/docrep/fao/011/i0350e/i0350e04c.pdf
13 http://aciar.gov.au/files/node/8864/TR68%20part%202.pdf

14 2006, International Energy Agency “Angola - Towards an energy strategy 2006”.

10
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Firewood

Biomass consumption (wood-energy and agricultural residues) remains the main source
of domestic energy, and energy in small-scale commercial sectors. Reducing the demand
for firewood is, therefore, an important strategy to reduce drivers of deforestation and an
exhaustion of Angola’s natural resources. Such strategies include improved fuel-efficient
cook stoves, and alternative fuels and techniques for cooking and baking, which altogether
might have a significant impact on GHG emissions.

Charcoal

Approximately 80% of the population depend on firewood or charcoal to meet residential
energy needs, making the use widespread. The intense cutting of trees to produce and
supply charcoal to the urban and peri-urban areas is putting an extreme pressure on the
local resources. In some cases it would be possible to determine a baseline with 100%
non-renewable biomass, but analyses and samples need to be conducted to determine if
this is the case. Almost all charcoal is produced in inefficient traditional earth mound kilns
in Angola. As these are very inefficient, they are worsening both the rate of deforestation
and GHG emissions. Two-thirds of the population in Luanda are living in peri-urban areas,
and approximately 270,000 tons of charcoal are utilized in the capitol city annually. If all of
these charcoal production sites were included in a CDM project activity refurbishing them
into efficient brick kilns, the potential emissions reduction would be 209,790 tCO;/year. If
all of Angola’s earth kilns were included in this type of project, the potential of the produc-
tion of 293,494 tons of charcoal would be 228,044 tCO/year. These calculations are based
on the assumption that the anticipated methane emissions reduction per ton of produced
charcoal is 0.037 tons!5, corresponding to 0.777 tons of carbon emissions reduced per ton
of produced charcoal, based on the global warming factor of 21.

Type of Technology Emission Reduction Potential Baseline Methodologies
per year (tCO,e)

Charcoal production 228,044 AMS-I.C., AMS-III.K.,
ACMO00021,
AMO0041

Some sawmilling activity is also taking place in Angola, mostly in the northern part of the
country. The production of logs from the Cabinda and Kwanza Norte provinces totalled
45,900 m3 in 2006, and the government estimates that Angola could sustainably produce
330,000 m3 per year.16 According to FOA, 55% of the stem is lost as waste when producing
timber. If all the residues from the sawmills in the above mentioned provinces were gath-
ered, the potential emissions reduction, if the waste were utilized as fuel for electricity
production and provided to the grid, would then be about 8,000 tCO,/year.

15 http://www.fao.org/docrep/x2740E/x2740e60.pdf

16 EIU CP Angola, 2008.

11
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Agriculture

Approximately 65% of the Angolan population depend on agriculture, and the majority of
them at a subsistence level. Nevertheless, the total economic activity in the agricultural
sector only sums up to be 8% of the GNP, while oil and gas is covering 57% of the GDP.17

Angola is a rich agricultural country. Traditional crops include cassava and beans in the
north, maize in the centre, and millet and sorghum in the south. Other crops include rice,
bananas, sugarcane, palm oil, cotton and tobacco. Cash crops have declined into insignifi-
cance. Coffee production, mainly of the robusta variety, was 220,000 tons in 1974, just
before independence, but by 2002 had fallen to a mere 1,260 tons. Production of other
cash crops, including sisal, cotton, palm oil and tobacco, has also plummeted?8. There is
still no significant export of cash crops, but the sector seems to attract some investors and
might grow in the coming years.

Angola produced roughly 300,000 tons of sugarcane in 2002. From the sugarcane resi-
dues, bagasse, a potential power production could be utilized, and a rough estimate shows
a potential electricity production of 10-15 GWh per year. If the electricity from utilizing
the bagasse were sent to either the northern or southern grids, the potential emissions
reduction would be 4,730-7,095 tCO,/year. As the production of other cash crops relevant
to potential CDM project activities is still small and insufficient, there is little to no CER
potential.

Waste

Waste management is a major issue in sub-Saharan Africa, as well as in Angola. Almost
one-third of the population (more than 5 million) lives in Luanda. The vast majority (about
75%) lives in the so-called Musseques, where very little infrastructure is functional. Al-
most no waste management takes place and, thereby, very little gathering of the waste is
carried out. This poses a serious health risk to the people living there. Moreover, there are
no sewers in the Musseques or even in the centre of Luanda, as the insufficient sewers do
not serve all parts of the city. The sewer wastewater is eventually directed into the sea as
opposed to a sewage treatment plant™. In both cases (for solid waste and for wastewater)
these practises are problematic in terms of establishing a suitable baseline, as the anaero-
bic treatment (or lack of treatment) is inadequate.

With regard to agricultural waste, the case is the same. Large-scale agro-industrial activi-
ties currently taking place in Angola are limited, while small-scale activities are not pro-
viding sufficient residues to establish a baseline.

17 2008 OECD - African Economy Outlook 2008, Angola.
18 EIU CP Angola, 2008.

19 World Bank 2005, LUPP 2007.

12
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As a result of the aforementioned lack of suitable baseline scenarios, the emissions reduc-
tion potential is very limited.

Agricultural Waste

There is very little, or no, potential in agricultural waste in Angola, as a result of the lack of
activities in the sector. The country is still far below the pre-war levels of agricultural pro-
duction, agro-processing and export. As Angola has one of the fastest growing economies
among sub-Saharan African countries, it could be expected that the very fertile rural areas
will be, to some extent, further utilized for cash crop production.

Angola has 5-8 million ha of arable land and extensive pastures in the south, which is free
from tsetse flies. Before independence Angola was self-sufficient in food, and a large ex-
porter of cash crops, notably coffee and sugar. However, following independence the con-
fiscation of private farms, the creation of inefficient state farms, and the civil war all con-
tributed to the collapse of commercial agriculture and rural marketing. As a result, Angola
has been dependent on food aid and food imports since the early 1980s. According to the
UN Food and Agriculture Organisation (FAO), as a result of poor rains Angola's total cereal
production fell by 14.5% in 2008, to 738,000 tons, 3% below the five-year average.

The following table shows the production numbers of the 20 most produced agricultural

products:
Rank Commodity Production (MT)
1 Cassava 5,600,000
2 Maize 510,000
3 Sweet Potatoes 430,000
4 Sugarcane 360,000
5 Bananas 300,000
6 Vegetables, Fresh 245,000
7 Cow Milk, Whole, Fresh 195,000
8 Millet 96,000
9 Indigenous Beef 85,019
10 Citrus Fruit 78,000
11 Beans, Dry 66,000
12 Oil of Palm 58,000
13 Pineapples 40,000
14 Fruit, Fresh 32,000
15 Groundnuts in Shell 30,000
16 Indigenous Pork 27,885
17 Potatoes 27,000
18 Honey 23,000

13
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19 Palm Kernels 16,500
20 Rice, Paddy 16,000
Bagasse

There are still some unused resources in the sector that could lead to emissions reduction.
For example, the residues from sugarcanes, bagasse, are very well suited for electric pro-
duction in a biomass power plant. In 2004 the sugarcane production was 360,000 tons,
and the estimated heat and power potential from the residue bagasse was about 30,000
MWh. Assuming that these residues could be gathered and utilized for heat and power on
a 60/40 percent ratio, the potential electricity generated from this and exported to the
national grid would be 12,000 MWh. Using the Angolan grid emission factor of 0.473
tCO2/MWh29, the potential emissions reduction is then 12,000 MWh * 0.473 tCO,/MWh =
5,676 tCO;/year. The heat could also be utilized and replace the heat generated from fossil
fuels, but there is no information available on nearby suitable locations where this could
be realized. In comparison with other types of agricultural production, the processing of
sugarcane is normally carried out in a more central location, thereby making it more suit-
able for power production from the residues.

Technology type Emission Reduction Potential per Baseline Methodologies
year (tCO.,e)

Bagasse power 5,676 AM36, ACM6, ACM2, AMS-1.D.,
AMS-I.C.

Maize Residues

The residues from maize production are also a commonly used resource for waste-to-
power projects. As seen in the table above, this is one of the most common agricultural
crops in Angola. With the production to waste ratio of about 2.3 for maize, the residues
from this crop have the potential for powering a 100 MW power plant. However, as the
maize production is mainly decentralized in small household communities, the gathering
of the residues is very difficult. Nevertheless, if 10% of the residues could be gathered in a
10 MW power plant operating 300 days a year, the potential emissions reduction would be
10 MW * 24 hours * 300 days * 0.473 tCO2/MWh = 34,056 tCO;/year.

Technology type Emission Reduction Potential per Baseline Methodologies
year (tCO.e)

Maize residues to power production 34,056 AM36, ACM6, ACM3, ACM2
ACM18, AMS-III.Z., AMS-IIILH.,
AMS-IIIL.F., AMS-IIL.E., AMS-II.D.
AMS-1.D., AMS-I.C.

For the potential in forest residues, please see the Forest and Agriculture section.

20 "Cambambe Hydroelectric Second Power Plant CDM Project - Angola” Project PDD from unfccc.int
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Household Livestock

Another potential emissions reduction could be from the methane emitted from livestock
manure. Due to the dispersed livestock concentration, the current manure treatment is
almost entirely aerobic and, therefore, the emission potential is very sparse or almost non-
existent. Another way to use this resource for emissions reduction purposes could be to
gather the manure at household levels, whereby the methane generated could replace the
fuel for cooking and/or lighting. There are approximately 1.6 million agricultural house-
holds in Angola, and about 2 million cattle?!. Assuming that 10% of the agricultural house-
holds have three or more cattle per household, and that they are using kerosene, non-
renewable biomass, or other emitting sources as fuel for cooking in the baseline scenario,
the potential emissions reduction would then be from replacing 0.5 litres of kerosene per
day as a default value applying the common practise in similar areas. If a household biogas
digester were installed in 160,000 household, the potential emissions reduction would
then be 0.5 litres * 2.58 kg CO/litre * 160,000 households * 365 days = 75,336 tCO;/year.

Technology type Emission Reduction Potential per Baseline Methodologies
year (tCO,e)
Manure methane for cooking/lighting 75,336 AMS-III.R., AMS-L.E. and AMS-
I.C.
Solid Waste

The limited gathering and management of solid waste in bigger cities such as Luanda is a
huge barrier for implementing realizable CDM projects in the waste sector, as no suitable
baseline can be determined. As mentioned in Angola’s Initial National Communication to
the United Nations Framework Convention on Climate Change, there are a number of fac-
tors that make the gathering of solid waste very challenged. Even though a new landfill is
under development in Luanda, its emissions reduction effect is difficult to establish as
waste is currently burnt in the streets, and organic wastes are mostly decomposing an-
aerobically, whereas in the landfill it will generate methane that needs to be destructed to
remain emission neutral. Nevertheless, it is mentioned in the National Communication
that the yearly methane emissions from solid waste were 35,780 tons in 2005, equalling
751,380 tCOze/year. This reduction potential, however, is very difficult to reduce, as a
proper waste management system has yet to be established, and only after some years can
the potential be reached.

Technology type Emission Reduction Potential per Baseline Methodologies
year (tCO.e)
Landfill methane capture 751,380 AM36, ACM6, ACM2, AMS-I.C.,

AM36, ACM6, ACM2, AMS-I.D.,
AMS-1.C., ACM6, ACM2, AMS-
I.D. and AMS-I.C.

21 "Country Study: Angola" - Technical Centre for Agricultural and Rural Cooperation, 2006.
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Liquid Waste

With regard to liquid waste or wastewater, there is also little, to no, potential. Again, this is
as a result of the present condition of the sewage system and the wastewater management
systems. Using the methane emissions from the National Communication, the emissions
from wastewater in 2005 were 220 tons of methane, which, converted to COze, was 4,620
tCO2/year. This is a theoretical number as the proper wastewater handling should be in
place, in addition to a methane capturing system which should be built.

Technology type Emission Reduction Potential per Baseline Methodologies
year (tCO.e)

Wastewater methane capture 4,620 AMS-1.A,C,D. AMS-III.H. AMS-
111.D., AMS-IIILF., AMS-IIL.I.,
ACM14, AM25, AM80

Conventional Power Production

The total installed electricity capacity in Angola in 2009 was 1,003 MW. Although the
country is rich with oil resources and is one of the largest crude oil producers in Africa,
most of the domestic power supply is produced using hydropower. From the installed
capacity, approximately 76% is hydro, 8% is thermal and 16% is gas*’.

There are three major grids, which are not interconnected, of which the vast majority of
the total operational capacity comes from the northern grid (almost 90%)®. It is also in
the northern grid wherein Luanda is supplied. The central and southern grids have 5%
and 4% of the total operational capacity, respectively, while the last 4% of the capacity is
from isolated grids or installations. Power outages and surges are frequent in the country,
and in the southern and central grids there is an acute shortage of electricity, while the
northern grid experiences surplus of supply. The lack of capacity and the poor state of the
distribution network is due to natural ageing of the equipment, poor maintenance and lack
of investment, as well as the negative effects of the civil war. The distribution losses were
estimated to be at 14.6% in 2011,

Angola is a net exporter of fossil fuels, and by now the second largest oil producer in sub-
Saharan Africa after Nigeria, but only 40% of operational power plants are based on fossil
fuels, which is approximately 140 MW. Of these 140 MW, gas is the source of 40 MW and
diesel the remaining 100 MW. A possibility within the CDM system is to make fuel switch
projects in the diesel power plants, as natural gas is a less carbon intensive fuel. Of the 100
MW diesel capacity, about 80 MW is connected to one of the grids and, therefore, relatively
close to the coastline. If small-scale method AMS-IILB., or large-scale methods ACM9 or

22 REEEP Policy Database, http://www.reegle.info/countries/angola-energy-profile/AO
23 2006, International Energy Agency “Angola - Towards an energy strategy 2006”".

24 Business monitor International, Angola Power Report Q3, 2012, http://www.marketresearch.com/Business-Monitor-
International-v304/Angola-Power-Q3-7011757/
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ACM11 are used to calculate a broad estimate of the emissions reduction from switching
100 MW of diesel capacity emitting 270 gCO;/kwh to natural gas that emits 200
gC02/kwh, the result would be 52,500 tCO,/year - assuming a 7500 full load hours of
power production.

Projects regarding the emissions reduction in the oil and gas industry are described in the

Industry section.
Technology type Emission Reduction Potential Baseline Methodologies
per year (tCO,e)
Fossil fuel switch 52,500 AMS-1II.B., ACM9, ACM11, AM8, AMS-
11.D., AMS-1IIl.LAH., AMS-III.Q.

Renewable Energy

Since the end of the civil war in 2002, generating capacity expanded to 1,160 MW in 2007,
of which 67% was hydroelectric and 33% was diesel-generated. Construction of the Ca-
panda dam on the Kwanza River near the northern town of Malange began in 1985, how-
ever, production did not start until 2004, with two turbines producing 260 MW following a
112 million USD investment, which doubled its capacity to 520 MW.

Northern Angola has the 180 MW Cambambe dam on the Kwanza River, which supplies
Luanda, and the 18 MW Mabubas dam on the Dande River. The Bidpio hydro plant on the
Catumbela River and several small thermal plants serve the central provinces. The 51 MW
Matala dam on the Cunene River, which started rehabilitation in 2007, is the main source
of electricity in the southwest.

Despite the rapid expansion of capacity, Angola's internal electricity grid is weak and
poorly integrated, with much power lost in transmission. Power outages are common,
worsened by poor maintenance and below-cost tariff structures. Less than 20% of An-
gola's population has access to electricity, with most depending on wood or charcoal. Ap-
proximately 75% of national electricity output is consumed in Luanda, but only about one-
quarter of the city's residents have access to a regular power supply.

As a result of power cuts, 68% of businesses are forced to rely on their own generators for
power - the highest recorded rate in Africa.

There is current awareness, specifically in the Ministry of Energy, that CDMs can provide
required revenues for development of the hydropower sector in Angola, in particular the
small-scale hydropower sector and potentially other renewable energy projects. However,
there is limited understanding of how to integrate the CDM into any long-term strategy of
the sector.
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A national initiative, “Programme for development of small hydroelectric plants”, exists
and the CDM should be integrated into the programme in order to take advantage of the
potential carbon revenue from small hydropower plants.

Hydro

Angola has an estimated hydropower potential of 150,000 GWh/year (defined as not
technically or economically feasible), of which about 65,000 GWh/year is considered to be
technically and economically viable2s. This suggests that current installed capacity repre-
sents only about 3% of the country's potential. According to IEA at least seven additional
sites on the Kwanza River have been identified as being suitable for large-scale hydroelec-
tric plants.26

When using the grid emission factor provided by Angola Carbon (0.473), the emissions reduc-
tion potential is calculated to be 61.5 mtCO,/year. This is not a realistic figure for generation of
CERs. The approximately 400 MW diesel-generated electricity, currently produced in Angola,
can potentially be replaced by hydro, amounting to emission reductions of about
768,000/ year.

In the medium-term, the government plans to promote 4,646 MW of hydropower for the
country.

The program involving this expansion has its period envisaged for 2017, and is building in
Cabaco, Cambambe Lauca and Kwanza, Jamba, Mina, Jamba and Oma Baynes Cunene basin,
Lupasso, Chicapa, Dala Chiumbe Luachimo, Kuang, and in the basin Cacombo Catumbela.

Technology type Emission Reduction Potential Baseline Methodologies
per year (tCO,e)

Hydro 768,000 AMS-1.A. AMS-I.D, AMS-L.F,
ACM2

Wind

It is forecasted that 50 wind turbines will soon be built in the district of Tombwa, Namibe
province. The wind turbines (2 MW each) have a total capacity of 100 MW and are part of
a broader project led by the Ministry of Energy and Water, aiming to expand the use of
renewable energy.2’ The wind turbines will be the first to be built in Angola. The project is
under validation in the CDM pipeline. A feasibility study on wind energy has also been
conducted at the Tigers Bay wind farm, which showed a potential of 23.8 MW?28,

25 www.reeep.org/xml/policy-db/A0.xml
26 http://www.iea.org/impagr/cip/pdf/Angolalnterviewlssue37.pdf
27 http://www.windfair.net/press/10600.html

28 http://gotpowered.com/2011/over-30-locations-in-angola-installed-solar-pv-systems/
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According to the Ministry of Energy, Angola has an estimated production potential of
18,000 MW, and the government recently established a programme that has set a target of
5,000 MW of production by 2016.2% Such expansion of the generative capacity would re-
quire a parallel development of the grid infrastructure, either domestically or internation-
ally by connecting Angola to the Southern African Power Pool. As a compromise calcula-
tion, the short-term, grid connected wind power is assumed to potentially replace the ex-
isting diesel-generated electricity and generate 768,000 CERs/year - the same figure as
for hydro and disregarding that the same generation capacity cannot be replaced twice
without assuming a grid expansion.

Technology type Emission Reduction Potential Baseline Methodologies
per year (tCO,e)

Wind 768,000 ACM2, AMS-I.D., AMS-I.F.

Solar

Off-grid technology is the short and medium-term solution to providing electricity to rural
communities in Angola. Solar irradiation levels are high in Angola, attaining 5
kWh/m2/day in Luanda, throughout the year. There is clear potential in the country for
using solar energy, particularly to supply electricity to small communities and families in
areas with no grid access. Solar energy could be used, for example, in health clinics for
refrigeration of medicines, in schools, in operating pumps for water supply, and in tele-
communications.3 To date, programmes aimed at promoting household use have focused
on photovoltaic (PV) systems, and have been limited to a few pilot projects. Currently, the
capacity for exploiting solar energy is low in private households.

A Programme of Activities named “ENERCAP SunLighting™ Africa - Programme to replace
kerosene lamps with micro PV LED systems in the sub-Sahara region”3! is currently in the
process of validation covering a number of African countries, including Angola. Only 12%
of the estimated 6.5 million households have access to electricity, which add up to as many
as 5.7 million households without electricity that could potentially be involved in the pro-

gramme.

The PoA aims at distributing up to 750,000 solar lamps under a single CPA, delivering
emissions reductions of up to 60,000 tons of CO. This would mean that there is need for
implementation of at least 4-5 initiatives of the same scale (of 750,000 solar lamps),
amounting to emission reductions of approximately 240,000 tons of CO».

29 www.evwind.es/2012/08/09/...angola.../21352/

31 http://cdm.unfccc.int/filestorage/1/N/W/INWSU40G318YDAP27]9RFZMLOBH5TC/PoA_v1-SunLighting-
SC.pdf?t=Uld8bThmc21zfDBaRItTTSbO77uxZAvNbX0q
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Solar PV

In a 2012 Bloomberg article, Angola revealed its plans to invest in about 130 solar pro-
jects3?, although there was no information regarding the size or technology. There is also a
CDM project in the feasibility stage, providing a total of 0.730 MW from 70 solar PV vil-
lages (grid connected). Furthermore, a capacity building programme conducted by Econ
Poyry emphasizes a large potential for solar PV in the south of the country, where hydro-
power resources are more limited. The study includes a 3 MW solar plant in Tombua, with
potentially further solar plants being installed in Namibe and Benguela.

Technology type Emission Reduction Potential Baseline Methodologies
per year (tCO,e)

Solar lightning 240,000 CERs AMS-11.C., AMS-II.)., AM46, AMS-
Solar PV n/a I.A.

Energy Consumption

Greater efficiency in the consumption of energy is commonly an attractive option for emis-
sions reduction, due to its dual benefit of reducing both emissions and the size of the en-
ergy bill. However, despite many years of promotion, it is also the most overlooked option.
In CDMs, for instance, demand-side energy efficiency projects only make up 1% of the CER
generation. Among the many reasons for this is the fact that most developing countries
focus on energy access, rather than energy saving. In 2007, 37.5% of Angolan households
had access to electricity33, but it was unevenly distributed, with Luanda accounting for
88% of electricity consumption in the country34. Therefore, the city of Luanda, with 8.5
million inhabitants in the greater metropolitan area, is the only clear target for electricity-
related energy efficiency initiatives. In 2009 electricity consumption per capita was 202
kWh35, which took into account not only those without access to electricity but also energy
consumed by the public and industrial sectors. While appliances may not have been read-
ily considered, a programme for distribution of CFL bulbs would have significant potential
with relative ease of distribution in metropolitan Luanda.

If 2 million households each change 1 incandescent bulb of 60 W to a 15 W CFL with an
estimated usage time of 4 hours per day per bulb, electricity consumption is reduced by
about 131,000 MWhsé, Angola’s grid emission factor, however, is very low with about 97%

32 http://www.bloomberg.com/news/2012-04-30/angola-plans-to-invest-in-130-solar-energy-projects-angop-says.html

33 http://datamarket.com/data/set/1459/household-electrification-rate-of-
households#!display=line&ds=1459!g6f=1h.21.2.1v.y.29. This figure differs from official statistics that have the country's electri-
fication rate at approximately 26%, with 13.7 million people lacking access to electricity
(http://www.eia.gov/emeu/cabs/angola/full html) - a difference that might be explained by the relatively high level of losses
(about 14%), among other reasons, due to theft.

34 (http://www.clubofmozambique.com/solutions1/sectionnews.php?secao=international&id=22205&tipo=one)

35 www.google.com/publicdata (source: World Bank)

36 This compares well to the actual reductions from CDM project no. 1754 in India, see:
http://cdm.unfccc.int/filestorage/M/5/U/M5U90L1EXQT8367WH]NGF4RZPCDVAB/OSRAM%20MR.pdf?t=Wjl8bTV2NmNnfDA

20


http://www.bloomberg.com/news/2012-04-30/angola-plans-to-invest-in-130-solar-energy-projects-angop-says.html
http://datamarket.com/data/set/1459/household-electrification-rate-of-households#!display=line&ds=1459!g6f=1h.21.2.1v.y.29
http://datamarket.com/data/set/1459/household-electrification-rate-of-households#!display=line&ds=1459!g6f=1h.21.2.1v.y.29
http://www.google.com/publicdata

EMISSIONS REDUCTION PROFILE Angola

of production based on hydropower resources. Natural gas fired power plants are being
planned to off-take the unused natural gas from oil extraction, but in the short-term this
will not alter the energy balance in any significant manner. However, if Angola is con-
nected to the grid of the Southern African Power Pool (SAPP) in 2014, as planned, a CFL
programme will be viable in emissions reduction terms. The SAPP grid emission factor is
0.9176 tCO2e/MWh, which - if adopted in this example - would return 120,000 tCOze
emissions reduction per year. A similar programme focusing on the public and industry
sectors should be expected to return at least an equivalent amount. These are theoretical
figures for full penetration in the greater Luanda metropolis. For logistical reasons, pro-
vincial initiatives are likely not viable.

With the majority of households without access to electricity, emissions reduction options
in households must focus on other sources of energy consumption, specifically cook
stoves. A small-scale Programme of Activities (PoA) aiming to reduce emissions through
distribution of Energy Efficient Cook Stoves (EECS) to households and institutions
throughout the Southern African Development Community (SADC) member countries has
recently (February 2012) been developed3’. The Programme targets rural and urban
households as well as small businesses and institutions using biomass energy (fuelwood,
charcoal) for thermal processes -- mainly cooking. Efficient cook stoves allow for reduc-
tion in the fuelwood needed for energy consumption, thereby having both positive eco-
nomic and GHG effect. The potential for cook stoves in Angola is not easily assessable.
There is an estimated 2million rural households predominantly relying on fuelwood,
which if converted to efficient stoves could generate up to 4 million tCO.e of emissions
reduction under the assumptionthat each cook stove has an emissions reduction potential
of 2 tCO.e/year (a common figure used in many PoAs). To what extent the full potential
can be exploited, is not clear. Furthermore, it is uncertain how large a share of households
in greater Luanda should be included in the estimate.

Technology type Emission Reduction Potential Baseline Methodologies
per year (tCO,e)

CFL distribution 120,000 AMS-II.E.
AMS-I11.J.
Efficient stoves 4,000,000 AMS-I.E.
AMS-II.G.
AMS-1.C.

Industrial Production Processes

Industrial activities cover several industry sectors and reduction options related to energy
efficiency, as well as change of processes and substitution of materials. In developing

Tv-68gj0Gxtd_jrzMQcS7

37 http://www.cdmloanscheme.org/sites/default/files/poa-dd.2-
promotion_of energy_efficient_cook_stoves_within_southern_african_development_community.pdf

21



EMISSIONS REDUCTION PROFILE Angola

countries there are many cottage industries, such as small-scale brick production, or even
household-based production, like textiles, which in most cases are not represented and do
not constitute noteworthy emissions reduction options. In many countries, brick kilns are
the exception, and may even represent considerable reduction potentials. In Angola, oil is
the exception. Over the past three years, Angola has become the largest crude oil produc-
ing country in Africa, surpassing Nigeria in 2009 due to attacks on the oil infrastructure in
the Niger Delta. Oil plays an important role in the Angolan economy, accounting for over
90% of export revenues and over 80% of the GDP. Despite crude oil production limitations
imposed by OPEC, Angola is expected to increase oil production and capacity in the short-
term as new offshore projects come online and foreign investment continues to flow into
the sector.38

There are options for reducing emissions from oil exploration either by flaring methane
that is currently vented, or by utilizing methane that is currently flared (or vented) for
production purposes. In 2009, Angola produced an average of 1.82 million bbl/d of crude
oil, placing it seventh among OPEC members according to EIA.39

Natural gas production in Angola is tied directly to oil production and is often vented or
flared, with limited volumes consumed domestically. Developments are underway to cap-
ture and market this natural gas for domestic electricity generation, and to export most of
it in the form of liquefied natural gas (LNG) by 201240, This is demonstrated by the current
development of an oil field flaring reduction project as a CDM activity*!, expecting the re-
duction of 13,710,000 tCOze/year - making it the world’s largest CDM project in reduction
terms. However, calculated on the basis of a gas/oil ratio of 500 scf/bbl (not verified) the
reduction potential from further flaring reduction and LPG production may be more than 4
times this figure from the current production, which is slated for expansion.

In refineries some project activities aim at reducing oil and gas processing flaring due to
leaks in pressurized equipment and various other unintended or irregular releases of
gases. Other options include recovery of CO; from flaring and its utilization as feedstock
for other industrial processes, e.g. the production of liquid CO2, or capturing waste heat
and gas in petrochemical installations and utilizing it as process heat. Angola has one re-
finery, in Luanda, operated by sole owner Sonangol -- the state-owned oil company and
regulator. There are plans to increase capacity of the Luanda refinery from 40,000 bpd to
100,000 bpd. Decade-old plans for construction of a second refinery in Lobito with pro-
jected production of 200,000 bpd are proceeding slowly due to financing difficulties, al-
though U.S. company KBR has been selected for the front-end engineering and design

38 http://www.eia.gov/countries/cab.cfm?fips=A0
39 http://www.eia.gov/countries/cab.cfm?fips=A0
40 http://www.eia.gov/emeu/cabs/angola/full html

41 The ‘Angola LNG Project of Capture and Utilization of Associated Gas’, see:
http://cdm.unfccc.int/Projects/Validation/DB/Q03PZB4DEUDY8MX3TEAMCVHMH8NOAU/view.html
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work.#2 Thus, the bulk of Angolan oil is refined outside the country. To compare, the
60,000 bbl/day Numaligarh Refinery in Assam in India, CDM project no. 1644, reduces
42,000 tCOze by capturing waste heat and using it in internal processes.3 On that basis,
and from the fact that the Sonangol refinery is old, a relative reduction potential from
waste heat recovery at the plant is assumed to be 28,000 tCOze.

Apart from oil, diamonds make up the majority of Angola's remaining exports. In 2010,
diamond production in the country reached 8.5 million carats, representing revenues es-
timated at $995 million. Despite increased corporate ownership of diamond fields, much
production is currently in the hands of small-scale prospectors, often operating illegally.
Eight large-scale mines operate out of a total of 145 concessions,** which could hamper
energy efficiency measures. Given the disbursed nature of the sector, an attempt to assess
reduction options has not been made.

Technology type Emission Reduction Baseline Methodologies
Potential per year
(tCOe)

Oil field flaring reduction 54,800,000 AM9

Petrochemicals waste heat recovery 28,000 ACM4

Transportation

There are about 5,000 public buses in Angola. The implementation of a new system has
recently been announced, with the objective to monitor movements. This is also proven to
be a good platform for initiatives to reduce emissions from public transport. Assuming an
average daily mileage of about 500 km per bus, the total distance travelled per year is ap-
proximately 900 million km, corresponding to about 600 million litres of diesel or total
emissions of 1.444 MtCOze. There may be two options of conversion: either to Compressed
Natural Gas (CNG), which Angola can supply from domestic sources, or to biodiesel, the
supply of which would be longer term, as a national biofuels strategy was only adopted in
2010. According to studies by L. Pelkman?5, in emission terms CNG buses may be about
15% more efficient than diesel, revealing a 200,000 tCOze reduction potential for a full
CNG conversion of the fleet of public buses. Conversion to biodiesel clearly holds larger
theoretical potential, but plans are not very advanced. In late 2011, Italy’s Eni signed an
agreement with the country’s national oil company Sonangol to jointly develop projects,

42 http://www.state.gov/r/pa/ei/bgn/6619.htm

43 http://cdm.unfccc.int/filestorage/W/X/6/WX6AEJKTBV32IP4L80R1GIDQNSFYM5/2.%20NRL_PDD_06-04-
12_ver4 notification%200f%20change%20and%20RMP.pdf?t=d1p8bTk5MWs5fDC_EOPhU36cWEDZzabaGELQ

44 http://www.state.gov/r/pa/ei/bgn/6619.htm

45 Emissions and fuel consumption of natural gas powered city buses versus diesel buses in real city traffic L. Pelkmans, D. De
Keukeleere & G. Lenaers Vito . Flemish Institute for Technological Research, Belgium.
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including a pilot project on food and biodiesel, though the main focus of this agreement
concerned gas exploration. Sonangol also collaborates with Brazilian Odebrecht, exploring
opportunities for cane-based ethanol through the $256 million Biocom project as a way to
diversify Angola’s energy matrix, supported by the National Strategy on Biofuel. While a
shift to ethanol, in full or in part, will help reduce emissions from the rapidly growing car
stock (estimated at about 700,000), it has limited, if any, potential as a CDM activity. The
conversion of one average car to 50% ethanol (10 km/litre, 10,000 km/year) would re-
duce about 1 tCOze using 500 litres of ethanol - which can be produced from about 7.5
tons of sugarcane growing on 1,000 m2 of land#¢. Thus, 500,000 cars would require pro-
duction of sugarcane from 50,000 ha or 500 km? of land.

BRT potential has not been assessed for Luanda.

Summary

The combined potential for CO; reductions in Angola is summarized in the table below.

Technology type Emission Reduction Potential per year (tCO,e)
REDD + / avoided deforestation 37,557,312
Afforestation/ 281,679,840
Reforestation

Charcoal production 228,044
Agricultural Waste 115,068
Liquid Waste 6,420

Solid Waste 751,380
Fossil fuel switch 52,500
Hydro 768,000
Wind 768,000
Solar lighting 240,000

CFL distribution 120,000
Efficient stoves 4,000,000
QOil field flaring reduction 54,800,000
Petrochemicals waste heat recovery 28,000

These estimates should not be regarded as being precise. Rather, they represent a form of
calculation that allows comparison among economies, and their relative attractiveness as

destinations for carbon finance.

46
http://books.google.dk/books?id=iRRRGIN9vDcC&pg=PA501&Ipg=PA501&dq=square+meter+sugar+cane+per+liter+ethanol&s
ource=bl&ots=MmmFcuMLP8&sig=poMNkCK]5eCiQQ1kAe8SnefM3oc&hl=en&sa=X&ei=WYTtT7jkEleE4gTaiq3bDQ&redir_esc=y
#v=onepage&q=square%20meter%20sugar%20cane%20per%20liter%20ethanol&f=false
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It should be emphasized that while attempting to be exhaustive, the estimates here do not
claim to be all-inclusive. There may be unidentified sources of reductions not included in
the technology overview, and not represented by existing methodologies, but in all likeli-
hood these would be minor compared to the potentials identified.
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