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Executive summary
Introduction

The purposes of this study are to quantify and assess the microeconomic and macroeconomic
impact of:

w A 20-megawatt (MW) gratefired biomass powelplant adjacent to the Otjikoto
substation, near Tsumeb, Namibia, over itsy2ar lifespan.

w The fuel supply and harvesting activities for a 20MW powsant at the
aforementioned site, over a 2pearperiod.

The study aims to both assess the direct, indirect and induced impacts of the project on the
Namibian economy, and endeavours to identify the broad beneficiaries of such.

The key findings for the study are presented below for each of the main secfitmsreport.

The report quantifies the benefits, both in the microeconomic and macroeconomic sections,
in real prices (i.e. adjusted for inflation) palowatt hour(kWh) of energy producedn other
words, the value of benefits or value generated byaativity are shown per kilowatt hour of
electricity generated by the power plantinless otherwise indicated, nominal prices have
been adjusted to reflect future value and ensure consistency. All prices, unless otherwise
indicated, were escalated atfixed rate of 6% per year in order to compensate for inflation.
Where appropriate, nominal prices were discounted to real, 2018, values

Assumptions

A number of assumptions were received from NamPower. The grate fired power plant has a
capacity of 20MW, a# load factor of 85%. This translates to annual generation of 148.92
gigawatt hours GWH. The plant lifetime is given at 25 years, and depreciation is to follow
the straightline method. NamPower also provided the proposed harvesting area, the capital
costs of the power plant, revenue generated by tariffs, the fuel input of 106t&00es of dry
biomass per annum, and the expected staffing complement for the power plant. With a
demand of 106,50@nnes of feedstock per annum, and an average yield26%tonnes per
hectare, the project will be responsible for the thinning of 8,4E&taresof landannually.
Three price points for biomass were provided by NamPower, as per the terms of reference.
These are N$450/t, N$600/t and N$75@&018 prices)correced for moisturecontentand
delivered to the plant gate. The construction and operational timeline of the power plant was
also provided by NamPower. Generation is assumed to begin in January 2022, with
construction taking place in thereceding30 months.

Biomass demand and supply

The proposed harvesting site is a radius of approximately 100km.assumed sustainable
harvesting yield of 12.6%nnes of biomass per hectare, on a dry matter basigansan
estimated 46.7 milliotonnes of biomasss availablewithin the proposed harvesting area.
The power plant has an annual fuel requirement of 106,500t of biognakich equates to



just 5.7% of the available encroacher bush being utilised over the fyle@blifespanThe
Ohorongo Cement factory mak use gf amongst otherswoodchips to fire its kiln, and its
encroacher bush harvesting area overlaps with the proposed harvesting area for the
NamPower power plant. The charcoal industry is the single largesilkaf of biomass in the
country and is forecast toremain so. The proposed harvesting area falls within one of the
main charcoal producing areas of the country. An upper limit of 8D per annum of
biomass for charcoal within this area is assunsdopuntingto 21.4% of the current resource
harvested within the proposed area over the-gBarperiod Rural and informal households
make use of firewood and encroacher bush as an energy source for heating and cooking. An
upper limit of 137,000t per annum is anticipated, equating to 7.4% of the resoaver the
25-year lifespan of the power plant. Based on these calculations, about 61% (or 28.5 million
tonnes) of the biomass in the agewill remain unused. Thus, the availability of biomass far
exceeds totahnticipateddemand, and means competitionrfthe resource itself ignlikely

to be sufficientlylarge to jeopardise the viability of the project

Harvesting

The assumptions relating to harvesting methods were provided by GIZ studies and
consultations withthe Namibia Biomass Industry Group-BiG. It was proposed that
harvesters charge land owneen averagefee of N$300/hectare for the bush thinning
services!. The modelling also assumeiat land owners will be responsible for aftercare
treatmentson the bush thinned land, atraaveragecost of N5200/hectare incurredevery

three years, in order to prevente-encroachment Three harvesting methods were
considered, namely manual, semiechanised and fully mechaniséﬂne manual harvesting
method is labour intensive, the semiechanised method isoth relativelycapital and labour

intensive, while the fully manual method Iisbourintensive.[‘l’he price received peonne [Kommemiert [C1]: Needs revision

plays a key factor in the commercial feasibility of harvesting projdttis found that
harvestes do not earn a feasible retarat the lowest price poinbf N$450/t (marginally

1 NamPower has expressed concerns as to the ability of farmers to pay this fee, due toythedanegative

cash flow associated with the once off payment and time it takes to start generating positive cash flows from
the increases in livestock carrying capacity. At N$300/hectare for-thishing services and with an assumed
8,419 hectares clead per year, the cost for clearing services would be an approximate N$2.53 million per year,
likely shared between twio-three farmersg this is not entirely true. The regulations walttuallyincentivize
farmers against harvesting large portions of ithiarms, and rather to do smaller sections each year. So these
costs will likely be sired between far more farmersach yeathan suggestedAdditionally, this cannot beaid

in isolation, because after investing such costs, the farmers increase tloeiugtion by 70%, so surely this is a

net benefit to them? What is the breakeven of such an investrfenthe farmer? NamPoweR 2 yh&vé a clue
about rangelandrestoration nor harvesting g KA OK (KA& dO2y OSNycsoll TREYAE 1jdzAa G S
understand how they seem to be able to dictate these misqguided concerns wisimygbunterargumentsfrom

the actual expert8, depending on farm size and area cleared per farm. While this amount may be material to
these farmers, it is not materiao the findings of this study with regards to harvesting revenues and profits, and
the proposed poweplant. Thus, the assumption could be dismissed without a material bearing on the study
findings.Any farmer who now reads thigithin the public domainvill expect that harvesting be offered to them

for free ¢ disruptingthe current harvesting industryc so can this really be justified because af anfounded
concern?

8
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positivereturnsfor manual and seminechanised), while at the highest price pojN$750/t),
the power plant earns a low modified internal rate of return. At the middle price point
(N$600/t), harvesters generate a return, on averagel06f3%, while the plant generates an
internal rate of return of4.1% over the period In consultation with NamPower, GIZ and N
BiG, it was decided tmrther model two scenarios that utilise a combination oétharvesting
methods. Scenario lencompasses two fully mechanised harwegt units, producing a
combined 96,000onnes of biomassper annum, with the seminechanised and manual
harvesters sharing the remaining 10,500nes per annum.Scenario 2nakes us®f one fully
mechanised harvestg unit producing 48,00Qonnes of biomassper annum, with the
remaining 59,00Gonnes being shared between semechanised and manual harvesters.
There is slight harvesting overcapacity under both scenarios, due to théh&carvesting
units areassumechot to bedivisible.

Microeconomic findings

The microeconomisection of the report focuses on the benefits to gross value addition (GDP)
in the country, looking particularly at thenpacton agriculturaloutput, valueaddition from
biomass harvesting, benefits accruing to the environment and ecosystem seaicks
employment The power plant will directly employ 239 people during the construction phase,
and 62 people during it85-year operational phaserhe 62 employeewill be made up of 35
operational/maintenance staff and 27 service staff. The majority of the power plant staff will
be skilled and serskilled workers. It may be difficult to find skilled workers in the vicinity of
the power plant,but thesecould be @pointed from elsewhere in the country or abroad.
Semiskilled staff, such as administrative staff and machinery operators, and service staff will
likely be available from the surrounding tow$owever, he overwhelming majority of jobs
createdby the prgectwill be indirect and induced. Many indirect jobs will be created on the
biomass supply chain (i.e. harvestengd processingperations), while induced employment
will be the result of the increased local consumption of goods and services as aofebelt
employment created by the power plant and biomass supply chain.

The two harvesting scenarios have significantly different capital, labour and skill
requirements. Scenario 1 makes use of more mechanised harvesters, thereby employing
fewer people ata total of 156, but a greater proportion of seskilled people. Scenario 2
employs significantly more people overall at a total of 603, however the majoritiyesk
employeesareassumed to be at lower skill levels. Discourfieain nominal to real (inflaon
adjusted)at 6% per annumScenario 1 generatea benefit ofN$352 million in direct wages,

2NJ bbPndandg LISNI 12K 2F St SO0 NJed ifdiime. $dbhRrR @20 S R
being more labour intensive, generates a total benefit of N$534anmilh direct wages over

the 25year lifespan, or N$0.14 per kWh.

In the agriculture sector, the assumption is that bush thinned land will be usedatte
farming. Should land owners choose to deviate from this, the assumption is that this is
because ay alternative practice will generate greater returns. The model runs under the

20SN) GKS
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assumption that the carrying capacity of encroached landribekctares per head of cattle
(large stock unit)and that carrying capacity witicreaseto 10 hectares per head of cattle
four years after bush thinning. Livestockrfeers will begin marketing cattle in yeiur, using
the prior years to restock. Over the project lifetime, an additior@P33cattle will be added,
based on the improved carngrcapacitieswith an additionalB47 cattle becomingeligible for
marketing each yearafter yearfour. Cattle are valued based on the 2017 average beef
producer price of N$35/kg (inflated at 6% per annum) and a conversion factor of pBokg
head of cattt. The average direct value addition from livestock per kWh over thge2s
lifespan of thepower plant in 2018 terms, iBl$61.5 million worth of gross value added in the
form of operating profit in 2018 terms. This equatesN$0.02ZkWh?3. These valueaccrue to
the farmerswhose land is cleared

The environmental and ecosystem services benefits were assessed, with the quantified
benefits focusing on improved groundwater recharge and impact on greenhouse gas
emissions. An average rate of groundwaterhage at 1% of rainfall is used as the baseline
for bush encroached landvhilea conservative estimate of improvement to 2&ehargeon
bush-controlledland was appliedSomestudies suggest much higher recharge ratesyever

this analysis retains theonservative assumptions found in th@o NNFstudiedstudies(2016

and 2017)and thus notea possible bias to underestimate the level of the groundwater
resource improvement. The extractable groundwater level increase needs to be offset by the
increases war usage attributable to larger cattle herds, as well as water usage by the power
plant. Once all offsets are accounted for, the extractable groundwater resource is expected
to increase by 9.33 million hover the 25year project lifespan. Based on the #@led cost
approach,the real net value of groundwater rechargm 2018 termsis N$212 million, or
N$0.®/kWh, over the 25year lifespan

Burning the biomass to fire the power plant assource of greenhouse gas emissions.
However, it is assumed that these emissions will be recaptured by plant growth and is termed
biogenic carborg and therefore has a net zero emissions assumption. However, the supply
chain and livestock farming will coifiute to emissions. The use of fully and sengchanised
harvesting methods, as well as the transport of the biomass to the power plant, contribute to
emissions. Supply chain emissions will total abbg®,000 TCé over the 25year period.

2 The formal literature on this topic suggests that a minimum of a 100% increase in carrying capacity can be

expected after bustthinning has taken place, however it is the view of NamPower that this figure is highly

optimistic. As a result, following consation with farmers in the regiorr_which farmersin the region?A

representative sample? Did those farmers publighifiabledata, and did they followp the initial harvesting

with reqular aftercare? & A G aGl yRaS &2dz YI 1S dsihaveib®eh Yustified throughh | Yt 2 6 SNDa 02y OSNJ
weighted evidence when in actual fact, it is based on a fesglected opinionsit was decided that a more

conservative increase in carrying capacity, of 70%, would be utilized.

81t is worth noting that the contribution ofgriculture in to GDP is highly sensitive to the increases in stocking
values following bustthinning, due to the large fixed cosbmponent of the clearing and after care activities
required for cleared land.

10



The methane enssions bythe additional cattle are converted to a GCequivalent, and
amount to approximately 665,000 Te®ver the 25year power plant lifespan.

To produce an aggregate value for the microeconomic benefits, a fmiue of biomass of
N$600 is used. Qhe three provided price points, the N$6@6hne option provides the best
trade-off in terms of returns for both the harvesters and the power plant itdelhetpresent

value terms (discounted at 6%, the assumed annual inflation rate), the aggredateofa
gross value additiomnder Senario 1 90%mechanised) is N$1.4illion of valueaddition

that would otherwise not take place werenbt for this project, or N$0.4@Wh; and under
Senario 2 45% mechanisgds N$1.52 billion, or N$0.A4Wh. The second scenario results

in a marginally higher aggregate value of gross value addition due to its significantly higher
employment and therefordighertotal wage contributions.

Macroeconomic findings

The construction of the power plant will see theegtest shoriterm addition to GDP, while

the operational phase will provide a lower, but londieed contribution. The total
construction cost is estimated at N$941.07 million, on an assumed exchange rate of N$12 to
the US dollar. Approximately 45% ofghiill be spent on direct imports (such as the boiler
and steam turbine), andiill thereforeregister as a negative contribution to GDBnly gross
value addition (i.e. output less intermediate consumption) on the remaining construction
activity positivey contributes to GDP. Factoring in this large import component results in a
net contribution of-0.16% of forecast 2018 GDR 2018 value termsThe construction
industry has a 2.36x multiplier, implying that for every N$1 spent on construction, N$2.36 of
output is produced in the economy as a whole.

During the operational phase, the assumption is that power generated is offset against
imported power from the Southern African Power Pool. In-pedsentvalue terms, the

reduced electricity importg{import substitution effect)2 @S NJ { K S -yelaif lifespdnQa H p
equate toa benefit of N$087/kWh, as the imported value of electricity over ti&-year

period, in 2018 viae terms, is approximately N$3.24 billion

fThe price that NamPower pays for biomasys a large role in the GDP contribution of the
power plant. In nefpresent@ £ dzS (G SNX a apér&tibdaliffekirfe, dféfedstgok Q &
price of N$450onne returns N$018/kWh, N$600fonne returns N$0.@/kWh, and
N$750tonne returns -N$0.®B/kWh. The® figures represent the gross value addition from

the powerplant in terms of gross operating surplus from the operation of the pep#ant.\ Kommentiert [C2]: This makes it seem that the above
Lo . . . . . . _ | import substitution benefits and the contribution of the
The indirect contribution to the economy will primarily come from the biomass supply chain power plant are somehow linked, which the amt, as the

. . . . . . . power output remains constant, regardless of the feedsto
and increased agritwral output. The contribution by the biomass sector is, once again, | o accumptionl would separate into different paragrapt

heavily dependent on the sales price of biomass and the harvesting method queprice to avoid confusion.

4 The GDP calculation is the aggregatiorc@fisumption, investment, government spending and net exports
(exports minus imports).

11



point of N$600/t, the contribution to GDP per kWh increases over thge2h project lifetne,

largely as a result of increasing livestock outﬁiﬂne livestock industry has an extensive —| Kommentiert [C3]: This is not correct. The feedstock pri
upstream value chain, requiring inputs and therefore benefiting nearly every other Ec?:;:izz;z:]‘c));i‘;Ceifggksgl?ti)ll?t?;Y]?cﬂoise\:f/i‘;t(t)rr:isGsl?elrj]tenw
sector/industry in the domestic economy. Similarly, there is also a-deskloped reads like.

downstream value chain for livestock. The implication is that for every N$1 of output

generated by this industry, N$3®f output is generated in the economy as a whaleross

various different upand-downstream activities

The contribution to personal and company income tax is, once again, heavily depamdent
the price point of biomass and the harvesting mix utilised. The first scenario contributes
slightly higher tax revenues, as the mechanised harvesting units areslgbte profitable

than the alternativesHowever, under both scenarios the harvesters only start contributing
to corporate tax irtheir third year of operationwhen they first break even. At thaid-price

point of N$600/t, the net present value of incontax amounts to N$97.2 million under
Senario 1, and N$65.9 million und&enario 2. The difference in personal income tax
between the two harvesting scenarios is minimal. This is because most of the unskilled
labourers fall below the tax threshaldo hidner levels of employment do not result in larger
tax payments pese With regard to social security, the contributions are minimal but vary
greatly between the scenarios due to the second scenario emplogiggificantly more
workers. The net present vaduof contributions over 25 years amowrtb N$1.67 million
under Senario 1 and N$6.05 million und8&tenario 2.

Based on2017 annual energy sales by NamPower of 4157Gihis power plant will
representless than 4% of totaénergy salesin Namibia Acceding to discussions with
NamPower, with the current execution philosophy the erection of guwer plantwill have
little to no impact on the overall tariff charged to consumers. Furthermore, electrigity
and other fuels make up 3.86% of the inftatibasket. As a result, the inflationary impac€t
the project willbe negligible.

The impact on the balance of payments sees an initial large outflow in order to import the
equipment, however this would be offset by financing obtained from foreign souvcesre

an initial inflow of funds would be segfollowed by a slow outflow of funds as the funding
loanis repaid over the operational phase of the projekt N$0.87/kWh (in 2018 terms), ¢h
import-substitution effect of electricity is the largest comimtor to the positive balance of
payment effect, resulting in N$134 million less leaving Nanpbiaannum Increased cattle

and beef exports will also contribute in some part to greater expofte equipment for
harvesting, as well as increased fuel org for harvesting, will offset some of the positive
balance of payments effects.

Conclusion

The underlying assumptions of this report are based on figures and information provided by
NamPower, NBiG as well as the referenced material. According to these, an annual feedstock
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requirement of 106,500t of biomass is required for the power plant. At an avesagiainable

yield of 1265t/ha, we calculate harvestg operationswill bush thin approximately8,419
hectares of land a year. As per the terms of reference, three different harvesting methods
(being manual, semhechanised and fully mechanised) and three different price points
(N$450/t, N$600/t and N$750/t) were analysed. In consultation with Nang?piBiG and

GlZ, it was decided to conduct the study looking at two harvesting scenarios: one focused
primarily on mechanised harvesting@0% fully mechanised, with the remaining 10% split
evenly between manual and semiechanised)while the second wgsredominantly manual

and semimechanised (55% split between these two, with the remaining 45% fully
mechanised)

Despite other users of encroacher bush within the proposed harvesting tne@ does not
exist sufficientcompetition for the resourcedo the extent thatavailable supplyfor the
proposed poweiplant may be threatened. In this regard available supplfar greater than
total demand across all users.

The overalpositivemicroeconomiampacts of the proposed powseglant areas a resulof
employment creation, salaries and wages, agricultural benefits from livestock production,
improved groundwater recharge, reduced £3missions and the value addition derived from
biomass harvesting. At a price of N$600/t, the first harvesting scenafergtesa total
microeconomicbenefit of N$1.47illion, or N$0.40/kWh, over the project lifetime in 2018
(inflation adjusted) value terms, while Scenafigenerates a benefit of N$1.58llion, or
N$0.41/kWh. Thes values represerthe direct, indirectand induced additional gross value
addition activity (GDP) that takes place in the country because of the proposed power plant
and its upand-downstream value chains.
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Total NPV of Microeconomic Benefits
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Figure 1. NPV of microeconomibenefits

On the macroeconomiaripact, it was noted that while the majority of the employment is
generated at the micro level, the contribution to GDP by both personal and corporate income
tax is heavily dependent on the price point and harvesting method. As the mechanised
harvesters areslightly more profitable, the first scenario contributes more to income tax (at
N$600/t, this is N$92 million as opposed to N$76 million, inpresentvalue terms over 25
years). The large import factor of the power plant construction sees an initigitive impact

on GDP. However, the operational phase of the power plant has a smaller, but-loveger
contribution to GDP over its 2gear lifespan, betweer).004% and 0.019% (dependent on
the biomass price). The impact on inflation is expected to ligible, as the 20MW power
plant produces less than 4% of hourly power requirements, and electricity (and other fuels)
make up less than 4% of the inflation basket. The balance of payment sees net positive
effects, largely due to the imporubstitutionof electricity N$134 millioryear in 2018 value
terms) as well azontributionsfrom cattle and beef exports.

From a price/lkWh perspective, the first scenario resultstistal NPV per kWh of N&33and
the second scenario results irt@al NPV/kWh oN$128when all value addition multipliers
have been incorporated.

From a balance of payments ppestive, the NPV of the projeover the power plant lifetime
is N$0.83/kWh to N$0.85/kWh, depending on harvesting methods used.

14



From a tax perspective, tiéPV per kWh depends on the harvesting scenario and poiceé
of biomass. At N$60@nne for biomass, the NPV of the first scenario including both the
power plant and harvesting is N$@(&Wh, while the second scenario is NS&IOWVh.

NPV of Macroeconomic Benefits
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Figure 2: NPV of macroeconomibenefits

The key considerations for this project are around the harvesting methods utilised and the
price paid for biomass. While mechanised harvesters are marginally more profitable, the
manual and semmechanised methods employ more people (albeith lower wages).
Ultimately, theharvesting methoddecision will come down to harvesters themselves, who
are likely to favour the slightly higher returns under mechanised harvesting. The price point
for biomass is the other key factor, as a higher price is benefictnvesters, but producers

a lower return for the biomass power plant. So, while a price of N$750/t is preferable for the
harvesters, this jeopardises the feasibility of the power plant. On the other hand, the N$450/t
price point, while preferable for thpower plant, is too low for harvesters to generate profit.
The N$600/t price point is the most feasible of the assessed price points for both the power
plant and harvesters, and so, many calculations adopt this price point. For the project going
forward, it is suggested that a price point in the regiohor above N$600/t, but below
N$7501t, is offered.

The two harvesting scenarios differ widely in their composition. In terms of the overall impact,
Scenario 2 employs significantly more persons, esped@ilunskilledjebseekersiorkers

While this does provide a wide social benefit, through employment creation and the income
generated by these persons, the majority of workers will fall below the lowest income tax
threshold. Scenario 1, on the other hand,more mechanised and thus employs far fewer
people, although at higher wages. However, the fully mechanised harvesting methods tend

15



to be more profitable, and so realistically are more likely to be pursued by independent
harvesters. The more manual methodequire more administration and supervision of
workers, with fairly intensive workpossibly leading to high staff turnover. Over and above
this, farmers are likely to be wary of large numbers of workers on their land and this may pose
problems for harvsting. Thus, while Scenario 2 may look more appealing in terms of its wider
employment impact, it may pose some problems pragmatically. Independent operators are
likely to prefer the fully mechanised method as it is more profitable and poses less décult
and uncertainties in terms of human resources, despite its higher capital costs. The biomass
power plant project provides far reaching economic benefits, from biomass harvesters, to
farmers, to indirect and induced employment. Making use of an abundzstturce such as
encroacher bush creates more employment than other sources of renewable energy. This
project also serves as an alternative offtaker for the use of encroacher bush, and its successful
implementation will likely lead to other similar projsc which could reap greater benefits
through efficiency gains.
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Introduction
Background and Context

Namibia faces the challenge that its traditionally open savannah rangeland, characterized by
a mixture of trees, thickets of bush and extensive grassland, is increasingly transforming into
a dense, bush encroached landscape. Bush encroachment is defittesl densification and

rapid spread of native shrub and tree species, resulting in an imbalance of biodivEnsity.
phenomenoraffectsover 30 million hectares of land in Namibia.

This imbalance of the woody species leads to a reduced biodiversitycraaded carrying
capacity of the rangelands, and in the medium term, a reduction of available ground water,
as a result of the increased water uptake by the encroacher bushes.

5dz8 (2 0dzaK SYyONRI OKYSy (i Q& RSGONRAYSufalyf SFTFFSOG 2y GKS IANIT Ay
productive land, productivity has declined, often to such an extent that many previously

productive livestock farms are now no longer economically viable. As such, bush

encroachment is considered the single most important obstacle for the developaofehe

O2dzy iNEQ&a YSIOd AYyRdAGNES® wSadG2NAYy3 o0dzAK SyONRI OKSR I NBlF& o
(harvesting/thinning) of some of the woody plants to yield a more balanced rangeland

ecosystem will result in an improvement in grass production and therefocethés grazing

capacity. Many national policies, such as the National Rangeland Strategy (2012), the

Harambee Prosperity Plan (2016) and the Fifth National Development Plan (NDP5, 2017),

promote bush control/thinningowardster rangeland restoration.

BushKAYYAYy3 2F blYAOALFIQ& FFFSOGSR NIy3aSttyRa gAaft fSFR (2 Y2
diverse, and balanced state. The abundance of undesirable woody biomass, coupled with the

need for local electricity generation creates an opportunity to utilize this eaiier bush

resource for electricity generation.

Electricity generation utilizing encroacher bush also falls in line with national and local
development priorities, serving to provide employment opportunities, skills development,
local economic growth andmportantly, an improved agricultural carrying capacity of the
farmland where encroacher bush has been harvested. The economic benefits of improved
carrying capacities of land is likely to yield a more robust local economy, as well as to increase
the capaity and resilience of local communities to manage with environmental varigbility
exacerbated by climate change

In June 2013, NamPower finalised a-feasibility study for a biomagmwer plant The pre
feasibility study assessed the technical, enviremtal, socieeconomic and financial aspects

of this project. The use of commercially proven combustion technologies for the conversion
of biomass to heat energy for generating electricity was recommended.
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Methodology
The purpossof this studyareto quantify and asseghe microeconomic and macroeconomic
impact of:

1 A 20MW biomaspower plantadjacent to the Otjikoto substation, near Tsumeb,
Namibia, over it25-yearlifespan.

1 The fuel supply and harvesting activities for a 20MWwer plant at the
aforementioned site, over a5-yearperiod.

The economic modelling for this projectiasedon the 20MWencroacher busipower plant
as well as the supply chaimat produces theprimary fuelfor the power plant For the purpose
of the study three differentharvesting methodsre consideregwhichwerefurther blended
into two harvesting scenarios. These two scenagisused to analyse the economic costs
and benefits on both the micrkand macreeconomiclevels.

Timeline

The project timeline is assumed as provided by NamPower as follows:

1. Construction commences mD19, for completion end of 2021.
2. Commissioning starts end 2021 and @pkerationis achieved in Q1 2022.
3.¢CKS LXFydQa 2LISNF A2y 12022f00knB 30460y Ad Hp @SENBRI FTNBY vwm

Prices

Unless otherwise indicated, nominal prices have been adjusie@flect future value and
ensure consistency. All prices, unless otherwise indicated, were escalated at a fixed rate of
6% per year in order to compensate for inftati Where appropriate, nominal prices were
discounted to real, 2018, values.

Harvesting methods

Three harvesting methods were considered for the purpose of the study, namely

1. Rully mechanised harvesting, whereliyeavy machinerysemiskilled and highly
skilled labour are combineith harvestland and produce bionss feedstock

2. Semimechanisedharvesting, whereby senskilled teams utilisgprimarily operator
drivenpowertoolsto harvestland and produce biomadsedstock

3. Manualharvesting whereby teams of unskilled labourers utiliggmarily handtools
to harvestland and produce biomageedstock

The harvesting value addition and employment estimates were generated through the
construction of a micrdevel financial model foeach of the scenarios discusseithin the
Harvesting Scenariosection of this document. Conventional financial models were built
utilising inputs from the Namibia Biomass Industry Group

All of the harvesting methods assume the same transport requirements from the points of
harvest to thepower plant gate. The diffeent methods assumed differenprocessing
requirements, with the fullymechanised operations requiring fewer, largamits than the
manual operationsA number of assumptions surrounding the biomass harvesting scenarios
are provided in théHarvesting Scenarigction of this document and in the annexures.
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Biomass Price Points

Three distinct price points for the purchase of biomass were provided by NamPower, namely
N$450/tonne, N$600fonne and N$750fonne (2018 prices)delivered to thepower plant

gate These prices were given as 2018 prices and escalayefi% per year to the first
operational year of the plant in 2022.

Power plant

The power plantassumptions used were provided by NamPower and are detailed in the
annexures of this report. Core assumptions included the construction costs ofpinveer

plant, the power plantcapacity and capacity factor, energy chamed capacitycharge,
exchange rats, operational expenditureestimates, financing sources, rates and currencies
and the price of biomass. As with the biomass harvesters, a detailed financial model was
constructed to assess gross value addition ofgbever plant

Ecosystem

The ground wate valuation methodology is adapted from Birch and Middleton (2017).
Assumptions for infiltration rates from rainfall for bush encroached and bu#iadedland,

the average amount of rainfall, and the expected amount of land téhbened, net of any
regrowth, lead to an estimate for total groundwater increase frbarvesting A proportion

of this stock increase is estimated as being extractable via existing water supply
infrastructure, with no value assigned to the stocks that would require new infrasneifor
extraction. Calculations for water consumption from incremental cattle and power station
usage are then deducted from the extractable stock increase. This net remaining stock
increase is valued using a price for water, which is implied from arwafgply project, using

an avoided cost approach.

Environment

The greenhouse gas emissions valuation methodology is also adapted from Birch and
Middleton (2017). It assumes net zero emissions from biogenic carbarefd@rbed during
growth and emitted during burning), and focuses on the calculation of supply chain emissions
from harvesting, transport and conversion, due to diesel and electricity usage. Emissions from
landuse change are also considered and calculdtgdreduced soil organic carbon, and
increased methane from incremental cattle stocks. These combined sources of increased
emissions are then offset by displaced emissions from the generation of electricity. The
relevant figure for the default value is calated using the Namibian grid emissions factor,
which is derived from the supply mix as referenced from previous studies and validated by
recent NamPower figures. Net emissions are then valued using a price for carbon, which is
based on the figure usedylthe Namibian National Integrated Resource Plan.

Agriculture

Itis assumed that bush thinned agricultural land will be used for livestock farming, particularly
cattle, as this is the dominant type of livestock farming within the region. Withpbeer

plant requiring an annual feedstock of 106,500t and the average yield of 12.65
tonneshectare, 8,419 hectares will be harvested every y@&ased on interviews with local
farmers, NamPower has suggested an initial carrying capacity of 17 hectares per head of
cattle, graduallyimproving to 10 hectares per head of cattle (70% improveméni) years
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after the land has been bush thinned. Birch and Middleton (2017) suggest that thencarry
capacity will increase by 100% after four years, the anecdotal evidere provided by
NamPower suggests this increase as very optimistic, and so the 70% improvement is used in
the model.It is implicitly assumed that current carrying capacity is fully utilised, as well as that
sustainable rangeland practices and harvestingratire will be adoptegnce land has been

bush thinned.

The revenue generatecby farmersfrom the additional livestockis calculated using the
average beef producer price for 20(&vailable from the Meat Board of Namibia), inflated at
6% per annum, alanwith a conversion factor of 250kg per head of cattle. It is assumed that
the volume of cattle marketed per hectare will also increase by the same ratio as the increase
in carrying capacity.

In order to calculate gross value addition, a conversion famt@5% is assumed from gross
output to gross value addition, implying a fixed intermediate consumption ratio of 65%.
flreaylyQa GSN¥az doKthedarnferds assuineditd bé 3560k fitafial révidiBeF A (
with costs being the remaining 65%his is inline with long term norms in the Namibian
National Accounts.

Macroeconomic multipliers
GDP _and Growth
Further to the specific micreconomic implications of the project, brodevel

macroeconomic multipliers were utilised to determine the cumwatmicreimpacts on the
economy as a whole.

GDP multipliers were extracted from the Namibian Social Accounting Matrix (SAM) of 2013
(Schade, 2016Langeand Schade, 2008and applied to the output of the microeconomic
modelling exercises. The multipliessere split into and applied on four mictevel
components of the study as follows:

1. The macroeconomic multiplier effects of the-B®nth construction phase of the
project.

2. The upstream value addition for energy generation (downstream was assumed as
constnt due to local generation only substituting for imports, not increasing energy
available).

3. Themacroeconomic multiplier effects of biomass harvesting activities.

4. The macroeconomic multiplier effects of increased agricultural/livestock output.

Multipliers from the SAM were adjusted as necessary to avoid double counting of the
upstream components of electricity production (i.e. to avoid double counting the biomass
harvesting value addition).

The potential contribution to GDP was estimated using 2016 GfaPef, with nominal
growth assumed at 5% in 2017, 5.5% in 2018, 7% in 2019, 7.5% in 2020 and 8% per year from
2021 onward.
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Employment

Direct contributions to employment from theower plantconstruction and operation were
provided by NamPowernd expected salaries were determined with input from NamPower.
Biomass harvesting employment figures and wages were estimated with the input of the
Namibia Biomass Industry Group.

Indirect and induced employment figures were estimated using macroecanaaue
addition multipliers from the SAM and known value addition from the agriculture, electricity,
biomass harvesting and construction sectors, coupled with the emplayealue-addition
ratios implicit in the 2016 National Accounts and the 2016 Narliabour Force Survey.

Average wages per sector from the Namibia Labour Force Survey, 2016, were used to
estimate wages in the various industries in which indirect and induced employment would be
created. Wages were inflated by 6% per year across ttinié of thepower plant

Balance of Payments

The balance of payments impact of tipewer plantwas only estimated from the direct
(electricity production substituting for imports, construction imports, external loan funding
inflows and outflows of interst and principle during loan repaymeraihd indirect activities
(harvesting imports of machinery and fuel, exports of livestock and simékafing to the
power plant Induced impacts on the balance of payments were not considered.

The flow of merchandisgoods into the country for thpower planQ&d O2y a G NHzOG A2y X G KS Tt 24
of machinery and fuel into the country for biomass harvesting, the flow of agricultural output

out of the country from increased livestock production, the reduction in electricity ingport

and the inflow of capital and outflow of interest and capital for funding activities were all

calculated in the various micrscenario models, and captured in the balance of payments

estimates.

Inflation

Due to the negligible nature of the output fronhe power plant(less than 4% of total
demand), and the small weighting of electricity in the Namibia Consumer Price Index basket
(3.84%), it was assumed that this plant would have little impact on Namibian inflation.
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Microeconomic Impact of the Project

SQpply and Demand
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Figure 3: Biomassharvestingdensity

Over30 million hectares of land in Namibia is affected by bush encroachment. According to
Petrick and Katali (2017), there is sufficient encroacher bush biomass to suppbyw&®

plants of 20MW each for more than 180 years, which does not consider any potential
regrowth. It is thus apparent that this resource is abundant, and that production is largely
constrained by uses driving demand for the resource.

The chosen site, nedrsumeb, is located in the most encroached area in Napakiaeen in
Figure3. This area is classified as Karstveld and contains moderate densities af4300@0
bushes per hectare in the west and very high densities of 10,000 bushes per hectare in the
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density categoryDe Klerk, 2004)The mairencroachespecies in these areaddschrostachys
cinerea(or SickleBush), which oaars in densities up to 10,000 bushes per hectare. The area
is also subject to relatively high rainfall, on average 550mm per annum, which also contributes

to the high density oéncroachetush.
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Figure 4: Proposecharvestingarea

The proposed harvesting area is defined as a radli@pproximately 100kmapproximately

3.7m ha)which is extended to include the similar bioclimatic envelope beyond this boundary

as shown in Figur4, around thepower planE g A {HR éa Yy NB I a YINJ SR 2FF TFT2NJ I NBIFa y2NIiK
of the veterinary cordon fence, steep sloping areas, national parks and communal farmland.

Seeing as many farmers are motivated to increase the carrying capacity of their rangeland, it

is expected that harvéimg can take place close to the delivery poiased on an average

harvesting density of 12.6®nnesper hectare (Smiét al., 2015) on a dry matter basig, is

estimated that 46.7 milliotonnes of biomass can be harvested fronithin the demarcated

harvestingarea. Based on an annual fuel requirement of 106,&0thes per annum, only

5.7% of the initial resource will be utilised over the lifetime of the project.

Aftercare will be essential to increase and maintdiee livestock carrying capacity of
agricultural land. If left untreated encroacher bushcan proliferate after first-time
harvesting re-coppicing from the rootstocks and remaining stumps, whoene species of
encroacheibush, such as Sickle Buate particularly prolific, antend to regrow over a short
time period and can result in land that is even more encroached than before the initial
harvest. Additionally, saplings do nptesent sufficientwood yieldto attract large scale
biomass harvestersThis thinner woody material, typicaf recent regrowth, is also less
suitable for conversion into woodchips for fuel purposes

5 Figures provided by {BiG suggest this aftercare will cost approximately N$200 per hectare every three years.
23



Competition for Resource

At present, there are a number of players in the immediate value chain for biomass, including
farmers whose land is to lihinned of encroacher bush, harvesters, wtton the encroached

land and producevoodchipsand other biomass products, and the consumers of the biomass
products including charcoal producers, firewood producers or potential biopw@ser plans

and heaing plants The interaction between these players depends heavily on price, including
the cost to the farmers forestoring theland, the cost to harvesters dfarvesting thdand

and producingwoodchipsor similar, and the cost to charcoal, firewood or electricity
producers incurred in purchasing the biomass input products. In this regard, the biomass
suppliers who are able to harvest most efficiently at low cost are at a distinct advantage.

With regards to chipped biomass, the most likely direct competition in éiggon will be from

the Ohorongo Cement factory. This facility is within the 100km radius of the proposed
Otjikoto power plant(Figure4) and currently purchases woodchips directly frimomass
harvesters, requiring up to 85,0@0nnes of dry wood chips peannum for its multifuel kiln

at the plant (IDFC, 2017he facility uses both biomass and refidaxived fuels (specifically
waste with high calorific valugsh an effort to reduce reliance on imported coBtoducers

are paid to deliver woodchips tbe factory gate, subject to quality control, while most of the
refusederived fuel is provided by ReAtDrum.

az2al 2F hK2NRBy3JI2Q4 $22ROKALIA INB KIFINWSadSR 6AGKAY | T1TplY NI
which overlaps with the Otjikotpower planQ &  LIN.Pahi@stin§ &eakHowever, the fact
that only 5.7% of the total encroacher bush resource within the proposed harvesting area is
expected to be harvested over the project lifespan of 25 years means that competition will
likely be minimal, and the combined deamd from Ohorongo Cement and the NamPower
biomasspower plantmay well provide desirable economies of scale for harvesters. Demand
for bushthinningservices in the region is expected to remain high for the foreseeable future
due to the agricultural bendf and relatively lovall-in costs,when compared to othebush
control alternatives such as arboricides.

Rural and informal households in the Ofjikoto region are also large users of biomass,
specifically as an energy source in the form of firewood foitihgaand cooking (Birch and
Middleton, 2017).However, his is not limited to encroacher bush, but also deadwood and
non-encroacher specie€urrent estimated usage of biomass as firewood currently amounts

to 550,000 tonnes per annum (Development Consultanfor Southern Africa, 2015).
Approximately 160,000 households nationally rely on firewood as an energy source, such as
for cooking. Given that 40,000 private households are situated in the Otjikoto region, an
upper limit of 137,00@onnesper annum, or 4% of the local resource will be harvested over

the 25yearprojectlifespan of thgpower plantin the Otjikoto region. Care must thus be taken
y2i (2 NBY2@S Ittt &a2dNOSa 2F FANBg22R 0t 248 G2 AyTF2N)VI ¢
on firewood as amnergy source.
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Charcoal harvesting areas in Namibia
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Figure 5: Charcoalharvestingareasin Namibia

Another large user of encroacher bush is the charcoal industry. According to Dieckman &
Muduva(2010), 490 producers are registered members of the Namibia Charcoal Association.
WSP (2012) indicate there are an estimate800 charcoalorkersoperatingin Namibia.

The charcoal industry has been operating for more than 30 years and is currenkydbst
off-taker of biomass in the country. The Tsumeb, Otavi and Grootfontein area is one of the
main charcoal producing areas in the countdpwards of72,000tonnes, of the 121,000
tonnes of the nationaloutput, are produced in his area The abundace and density of
encroacher bush, and unskilled labour (mostly from the Kavango region), has made harvesting
in this area relatively attractive. It is estimated that charcoal production requires about five
times the weight ofaw wood to producehe find product,using the traditional conversion
technology,which would imply that around 360,000nnes of biomass is required for this
industry in the proposed harvesting area for thewer plant This equates to approximately
21.4% of the current resource the proposed harvesting area over the-@&ar lifetime of

the power plant TheGIZBCBLproject notes that output is expected to increase to 400,000
tonnes nationally; if production is modernisedThe charcoaihdustry will likely remain the
largestbiomasoff-takerin Namibia Charcoal production releases greenhouse gases, both in
its production and endise, and so has a considerable impact on emissions.
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Users of Biomass
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Figure 6: Usersof biomassn theharvestingareaovera 25 year period

Based on the conservative estimates outlined above, around 61% of the resource will remain
unused despite the harvesting for thgower plant This assumption also considers no
resource regrowth. Thus, the supply of the resource faill exceedthe demand for the
resource, meaning that competition will revolve aroumgtimal harvesting locations (based

on density and proximity to the resource d#kers), rather than for the resource itself
Gompetition for the resource will likely be limited, amabuld only arise in securing ofékers

of the product as commercial harvestergould need to ensure they have a reliable market

for their product.

In conclusionthe current and anticipated demand for biomass in the area surrounding the
proposed power plantis expected to remain substantially below the potential biomass
available in the area, despite highly conservative (i.e. 100%lapesf harvesting zones and
above current offtake levely assumptions pertaining to potential competitors for the
resource.

8 This assumption is the most conservative assumption ¢aatbe made, and implies that there is the greatest
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all users in the area.
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Market Structure

Longterm supply contracts with independent harvesters or a harvesting association will be
required for security of supply of material to thmwer plant A secure supply would be
essential to the operations of theower plant seeing a it will be a baseload producéfhus,
reliance on a spot markawvould not berecommended due to the risk of fuel shortages.
However, opening a spot market for independent producers to supplement stockpiles may
be considered when harvesting conditiong davourable, or stockpiles of fuel start to run
low. The possibility of supplementing this supply with a spot delivery market may, however,
exist. This spot market need not necessarily exist at the plant gate but may make use of an
offsite depot or farmgte pickup operatorswho act as intermediaries between harvesters
and thepower plant It isadvisedthat longterm contractsshouldinclude an escalation clause

in line with inflation to compensate the increasing costs of labour, pump price of diesel and
maintenance.

The Environmental Investment Fund has indicated that a reliable business model and a
dedicated offtaker is imperative to securing concessional financing, which is sourced from
the French Development Agency and made available to harvesteteevimmmercial banks.

This type of financing is generally provided at rates below those available from commercial
banks and other commercial financief®hat being said, commercial financiers would also
require a similar model in order to offer financing.

Multi-year sipply contracts are likely to be critical for suppliers as they will enable harvesters
to secure financing for equipment off the back of the offtake commitmentterproduct. As
indicated under the methodology, the upper price point wkkly be the only one attractive
enough to attract commercial harvesters. However, business models will vary widely from
harvester to harvester and it is entirely plausible that harvesters will be willing to accept lower
price points.

Power plant
The modelling for thpower plantisbased on assumptiormovided byNamPower. Thplant

is assumed to be 20MW gratefired power plantwhichwill be operated at a load factor of
85%.These inputdranslateto 148.92GWHhunits of energy being produceannually.

Fixed operating expensese assumed to be 4.5% of the total capital outlay in year ohe
operation escalating by the general level of inflation, whishssumed to be 6.0%hrough

the study These costs accrue irrespective of the amourglettricitygeneratedby the plant
and cover salaes administration, insurance, technical operation, spare parts and
maintenanceexpenses Variable operating costare assumed to be UH.005per RWh of
electricity generatedplus the fuel costs, whichre assessedt three discreet price points.

”The power plant has baseload capability, but will likely besetilias mid merit to baseload.
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Theindication from NamPower is that thaant will require 106,50@nnes of dry biomass
per annum.

The capital outlay of the physical plant equipment sourgedJSD dollargss made up as
follows:

Component Cost(USh)

Boiler 16,456,000
Steam Turbine Package 7,569,000
Feedwater Heaters 379,900
Air-cooled Condenser 3,887,000
Other specialised equipment 3,379,050
Other equipment 4,518,392
Civil 3,034,863
Mechanical 11,413,082
Electrical Assembly & Wiring 974,656
Building & Structures 1,425,023
Engineering & Plant Staup 7,121,567
Contractor's Soft & Miscellaneous Costs 9,180,335,
Total USS EPC Price 69,338,868

Tablel: Capital Outlay of Powerplant

Localcurrencyproperty plant and equipment costge:

Component Cost (M)

Development Cost 80,500,000
Land Procurement 3,500,000
Grid Connection 25,000,000
Total N6 EPC Price 109,000,000

Table2: Installation costsexpensesf the powerplant

Disbursement of the EPC costi® assumed to take place ov80 monthswith 30%of EPC
expenditure in year one40% inyear two and the remaining30% in the final year of
construction. A 7% contingendyuffer is added to these capital outlays fampredicted
eventualities.

The construction costs for thgower plantwere taken ads from information provided by
NamPower. NamPowdurther indicated that prices had been estimated considering future
construction costs for the plant, and thus prices were not inflated for future values. The
USD:ZAR exchange rate was estimated using RMB forward rates in Marcho2éd &he
constructian period and a purchasing powparity metric with an inflation differential of 4%
over the rest of the project lifetime.
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The plantis funded using a 7@0 debt to equity mix. The rate on the lo@assumed to be
9.00%, with upfront fees of 2% of the total loan amount being chargethe form of
management anadurrencyswap fees. lisassumed that the loan disbursements were made
in the 30:40:30 ratio over the three years and interest over thisquki$ capitalised. No
interestpaymentsaremade over the construction period and repayments only start once the
power plantis operational. Interesearnedon positive balanceare assumed to be 7.75%.

The staffing complement for th@ower plant is assumel to consist of the following

employeesalongside salary assumptions. These assumptions are reflected in 2018 prices, but

for the purpose of modelling they have been inflated to 2022, when plant produetiould

be expected to commence.

Number | Monthly Renuneration
Day Shift General Staff (08@D700)
Power plantmanager 1 50,000.00
Operation and maintenance engineer Turbine /|1 50,000.00
generator/ ACC
Operation and maintenance engineeBoiler/fuel yard| 1 50,000.00
Administrative officer 1 30,000.00
Power plant@accountant 1 30,000.00
Assistants 1 25,000.00
Day Shift Fuel Yard Team (Monday to Friday 08
1600)
Weighbridge officer 2 10,000.00
Front loader operators (Unloading) 3 8,000.00
Quality Control 1 7,000.00
Shift Staff
ShiftManager 5 10,000.00
Fuel yard operator 5 10,000.00
Boiler / Turbine operator 5 15,000.00
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Number | Monthly Renuneration

Shift technician 5 20,000.00
Maintenance staff

Mechanical Technician 2 20,000.00
Electrician / DCS Programmer 1 20,000.00
Service staff

Cleaning 3 2,500.00
Gardening/ Housekeeping/ General worker 22 2,500.00
HSE staff 1 15,000.00
Medical staff 1 25,000.00
Total Staff 62 823,500.00

Table3: Staffcomplimenbf the powerplant

NanmPower has provided an explicit tariff forecast which is split into an energy charge and a
capacity charge. The energy charge is said to cover variable expenses which are made up
predominantly of the biomass fuel source as well as some miscellaneous consumables.
Consumables are assumed to amount to USDO0.005 per kWh. The capacityisesgd on

the capacityof the powerplant and is intendetb cover fixed expenses which inclusiEares,
administration, insurance, technical operation, spare parts and avewgt for major
maintenanceand will be received irrespective of the output of the plats per our
assumptions all costs are escalated at the general level of inflation, which we assumed to be
6.0%.

Variable Costs vs Energy Charge/kWh
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Figure 8: Variable CostsvsEnergyCharge

The energy charge is in line with N$76@ne price point of biomass fuel and is only slightly
below the total variable cost. The energy charge should be more than sufficient to cover
variable costs at the N$600/tonne price point.

The fixedcosts consist of an all in fixed cost charge, interest on financing and depreciation.
All-in fixed operating costs were assumed to be 4.5% of the total EPC costs, escalating by
inflation. Depreciation is calculated on the straidine method, with no reslual value.
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Interest costs is based on a loan, which has a tlyes payment holiday during construction

and a subsequent 15 tear repayment period. The loan is assumed to carry interest at a fixed
rate of 9.0% per annum payable monthly. As per any eegaimortising loan, the interest
expense declines over time.

Fixed Costs vs Capacity Charge/ kWh
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Figure 9: Fixed Costsvs CapacityCharge

Seeing adte alkin fixed operating costsscalate by 6.0%, while the capacity charge decreases
by 0.5% on a compounded anfuzasis, the nominal profit after tax declines from year 16
onwards.Higher fuel input costsbased on a 85% capacity factoincrease overalpower
plantcosts and thus lower the profitability of th@ant. Based on the assumptions above, and
the three price points, the profitability of thgopower plantin monetary terms angber kWh
produced is presented below in both nominal and real (discounted for inflation) terms:

Net Profit After Tax- Nominal
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Figure 10: NetProfit of powerplant per kWhof powerplant - nominalterms
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Net Profit After Tax- Real
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Figure 11: NetProfit of powerplant per kWh- real terms

To assess the profitability of the projeatmodified internal rate of return (MIRR) is used. The
internal rate of return on an investment or project issthannualized effective compounded
return rate" or rate of return that sets the net present value of all cash flows (both positive
and negative) from the investment equal to zero. It is used in capital budgeting to rank
alternative investments of equal sizlt is the generally accepted method of analysing
LINE2S0iQa FTAYIYyOALE NBGdzNY @

However, the IRR is sometimes misapplied under an assumption that interim positive cash
flows are reinvested at the same rate of return as that of the project that genertieoah.
Seeing as there will be limited uptake of biomakss ts an unrealistic assumption and a more
likely situation is that the funds will be reinvested at a rate in line with local money market
rates. The IRR therefore often gives overstated returmgpfojects under study. Thus, it is
assumed that excess caflbws can be reinvested at 7.75% (prime minus 3%) while shortfalls
can be borrowed at 10.75%, (the current prime rate). Based on these assumptions the returns
for the power plantare as follows:

Price pertonne (N$) | MIRR
450 6.3%
600 4.1%
750 0.2%

Table4: MIRR of powerplantbasedon price points
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Harvesting Scenarios
Broad Scenarios
Harvesting

Based on a 12.6%onnedhectare sustainableharvesting yield, it is estimated that the
harvesters wilthin 8,419 ha of farmland per annur@ver the full 25year period, this totals
210,474 hectares of bush thinned laritlis assumed that aftercare will be applied to bush
thinned areas every thregears in order to ensure that land that has bebmned remains
thinned. It is further assumed that despite these efforts, after 20 years and despigpiny
aftercare,someregrowth of bush will recommence 3@ars afteiinitial harvesting

It isassuned that harvesters earn revendeom two sourcesThe first ighe price pertonne
receivedfor all biomass delivered to the plant gatgaid by NamPoweiThe second ia bush
thinning fee, estimated aN$300/hg in 2018 value termdpr their value addingactivities,

which is paid by the land ownferThe objective of this exercisis to increase the carrying
capacity of agricultural land arsb it is expectedhat the land owner will be responsible for
aftercare. Aftercare will most likely consist of mahappication ofarboricides to the stumps

of harvested bush to prevent regrowth aiglassumed to cost the land owner N$200/ha

2018 value terms,every three yearsfollowing the initial harvestThis is best practice
according tdSouthern African Ingtite for Environmental Assessment (20Hsid discussions

with N-BIG members currentlpperating. The harvesting methodology is based on three
different types of harvesting methods, namely: fully mechanised, semi mechanised and fully
manual. These three ntieods were translated into three harvesting uniteughly based on

the harvesting technologies research paper published by GIZ (ZDi®)biomass delivered

to the power plant is to be of particle size P100. This means that the bulk of the biomass
particles (minimum 75%) are to have dimensions between 3.15mm and 100mm, with a
maximum of 10% of particles allowed to be oversized (between 125mm and 350mm).

FullyMechanised
The fully mechanised unit is made ofthe following equipment:

Harvesting Equipment Units | Costper unit (N$) Useful Life

(years)
Shear attachment, for harvesting excavat¢ 8 500,000 3
Grapple attachment, for feeding excavato] 2 300,000 3
Harvesting Excavato?O Tonne(Harvesting) 8 1,800,000 7

8 NamPower has expressed concerns as to the ability of farmers to pay this fee, due to the langgatéte

cash flow associated with the once off payment and time it takes to start generating positive cash flows from
the increases in livestock carrying capacity. At N$300/hectare for-thishing services and with an assumed
8,419 hectares cleared per year, the cost for clearing services would be an approximate N$2.53 million per year,
likely shared between twto-three farmers, depending on farm size and area cleared per farm. While this
amount may be material to these farmers, it is not material to the findings of this study with regards to
harvesting revenues and profits, and the proposed poplant. Thus, the assumptiooould be dismissed
without a material bearing on the study findings.
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Loading Excavate20 Tonne(Feeding) 2 1,800,000 7
Front end loader 1 1,000,000 7
Mobile Grinder (7001000 horsepower) 1 10,435,100 9
Haulage Tractor 4 700,000 9
Hydraulic Tipper Trailefor Tractor 4 500,000 9
Bins- (12 Tonnecapacity) 17 100,000 9

Table5: Capital outlayof a fully mechanisedharvestingunit

This production unit is estimated to be able to produce 48 @bMes of chipped biomass per
annum and requires a crew of 20 to operalée fuel is produced at a P100 size stanlard
The diesel consuntjon for this typeof machinery is expected to be in the region g2G0
litres per day.The crew consists of excavator operators, tractor drivers, a feowt loader
operator, a dedicated mechanic, a manager and a site supervisor. Althaergttapital
intensive, thisharvesting uniis by far the most efficient and requires very little manpower to
harvest a large amount of biomass.

For each of the scenarios it has been assumed that machinery and equipment have fixed
useful lives. Machinery is purchasedmnand depreciatedully over their useful lives. 2ero-
salvagevalue has been assumed for machinery as there will likely be no or very low scrap
values.

Staff Number | Monthly Remuneration N$)
Mechanic 1 40,000
Manager 1 50,000
Site Supervisor 1 20,000
Administrator 1 15,000
Harvesting Excavato0 Tonne(Harvesting) 8 9,600
Mobile Chipper CBI 6400T 1 12,000
Loading Excavate20 Tonne(Feeding) 2 9,600
Haulage Tractor 4 5,000
Front end loader 1 9,600

Table6: Staffcomplimenbf a fully mechanisedharvester

Based on thredarvestingunits and eight delivery vehiclehé minimum amounto supply
and deliver the requirediomass) the fully mechanised method yielded the following net
profits forthe three price points provided:

9 The numerical values {&ass) for dimension refers to the particle sizes passing through the mentioned round
hole sieve size. P100 refers to a diameter of, 190 mm.
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Figure 12: Incomestatemenof a fully mechanisedharvesing operationsat the N$450fonne price point
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Figure 13: Incomestatemenof a fully mechanisedharvesing operationsat the N$600fonne price point
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Figure 14: Incomestatemenbof a fully mechanisedharvesing operationsat the N$750fonne price point

SemiMechanised

The semimechanisedharvestingmethod is based on the secoh@rvesting unitontained in

D L dndpendiumof harvesting technologies for encroacher bush in Nan{BH.6). It was
assumed that this harvesting method could produgédDtonnesof biomass per annum. One

semimechanised unit is made up of the following equipment:

Harvesting Equipment Units | Costper unit (N$) | Useful Life (years
Hand operated 13 hp trolley saw 2 25,000 7
Vertical saw trolley (13 hp) 1 22,000 7
35 hpchipper 1 300,000 7
Bulk bags 100 500 7
Trailers 2 50,000 7
Air hoiss, compressor-tbeam and crawls 1 120,000 9
40 hp Tractor 2 330,000 9

Table7: Capital Outlay of a semimechanisedharvestingunit

Two horizontal trolley saw cutters and one vertical saw cutter trobeg proposed for the

above felling and operatioriThe diesel consumption for this type the abewentioned

machinery is expected to pproximately45 litres per dayThe staff compliment of a unit is
made up of ten people, namely supervisorkthipper operator, two tractor operators, four

stackers/feeders and three trolley saw operators.

Staff Number Monthly

Remuneration N$)
Supervisor/Handyman/Chipper operator 1 10,000
Bulk bag trailer/tractor operators 2 8,000
Stack/pruners/feeders 4 2,000
Trolley saw operators 3 4,000

Table8: Staffcomplimenbf a semimechanisedharvestingunit
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Based on 77 operational units and eight delivery vehicles (enough to supply and deliver the
required biomass) theemimechanisecharvestingmethod yielded the following net profits
for the three price points provided:
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Figure 15 Incomestatemenbf a semimechanisedharvesing operationsat the N$450fonne price point

N$600 /T

N$ Millions
N W
g o
o O

N
o
o

01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Years

m Total Revenue ®Gross Profit Operational Profits (EBIT) m Net Profit

Figure 16: Incomestatemenbf a semimechanisedharvesing operationsat the N$600fonne price point
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Figure 17: Incomestatemenbf a semimechanisedharvesing operationsat the N$750fonne price point

Manual

The final method of harvesting considered was the fully manual metfibés operation
consists of manual felling, stacking and feeding actions. Onhyhippingand infield haulage
operatiors would need to bemechanised. It was assumed that a team of manual harvesters
would consist oten persons andcould produce 80@nnes of biomass per annum. One of
these production units is made up of the following equipment
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Harvesting Equipment Units | Costper unit (N$) | Useful Life

Hand Tools 1 5,000.00 1
20 hp chipper 1 250,000.00 9
Light weight off roadrailers 2 40,000.00 9
Air hoist compressor,-beam and craw 1 65,000.00 9
Haulage Tractor 1 120,000.00 9

Table9: Capital Outlay of a manualharvestingunit

The diesel consumption for ttebovementionedmachinery is expected to Epproximately

16 litres per dayTen people are required to man such a unit. The staff required for this
operation consists of a supervisor/chipper operator, four tree fellers, $tackers/ trimmers/
chipper feeders and tractor driver/chipper operators.

Staff Number | Monthly Remuneration N$)
Supervisor 1 7,000
Fellers 4 3,600
Stackers, trimmers, chipper feede 4 2,000
Tractor driver 1 4,000

Tablel10: Staffcomplimenbf a manualharvestingunit

Based on 134 operational units and eight delivery vehicles (enough to supply and deliver the
required biomass) thenanualmethod yielded the following net profits fahe three price
points provided:
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Figure 18: Incomestatemenof a manualharvesing operationsat the N$450tonne price point
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Figure 19: Incomestatemenbf a manualharvesing operationsat the N$600/tonne price point
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Figure 20: Incomestatemenbf a manualharvesing operationsat the N$750/tonne price point

Transport

For each scenario it was assumed that the production unit is able to transport the biomass to
the farmgate where a dedicated delivery unit of eight delivery trucks will collect the biomass.
Each truck is equipped with a trailer and hydraulic arm for pickup of the biomass at the farm
gate and delivery to thpower plant In each of the broad scenarios it is @s®d the costs

are shared equally between units.
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Return

Based on the initial scenario analysis of the three different harvesting methods and the three
distinct price points, the following modified internal rates of retu(MiRR)are observed. It

is assmed that excess casflows can be reinvested at 7.75% (prime minus 3%) while
shortfalls can be borrowed at 10.75%, (the current prime rate). Based on these assumptions
the returns for the harvesters are as follows:

MIRR Price point
N$450 N$600 N$750
Harvesting Method Fully Mechanised 8.4% 12.1% 14.8%
Semi Mechanised 0.2% 9.7% 12.7%
Manual 2.1% 9.9% 12.9%
Power plant 6.3% 4.1% 0.2%

Table11: MIRRsof differentharvestingmethods

To make a harvesting project commercially viable, the price receivetpeeis a key factor.

At the N$450 price pointhe internal rates of return for thesemimechanised and manual
options aremarginally positivewhile te fully mechanised option eas a return of only.4%

At the higher price point of N$75he two manual options earn returns in excess of 12%
while the fully mechanised option deliverd.8%.

It is possible that arvesterscould become more efficienbver time and thusreduce ther
expensesReducing cash operating costs (which include labour, fuel expenses, administrative
and insurance costsyould improve overall project/activity IRRhe sensitivity of MIRR to
efficiency gainat the three pricepointsis presented below:

Fully Mechanised SemiMechanised Manual
20,0% 20,0% 20,0%
15,0% 15,0% 15,0%

100% gt 10,0% 10,0%

x o [od
X 50% X 50% E 50%
- - / =
0,0% 0,0% 0,0%
0% 5% 10% 15% 0% 5% 10% 15% 0% 5% 10% 15%
-5,0% -5,0% -5,0%
-10,0% — - -10,0% — - -10,0%
Efficiency Gain Efficiency Gain Efficiency Gain
—0— 450 600 750 —e— 450 600 750 —8—1450 600 750

Figure 21: Sensitivityof harvestingMIRRsto input costs
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Blended Supplier Scenarios

NamPower indicated thahe ultimate supply mix that will materialise will be a combination
of the aforementioned scenarios. Thus, tveected senariosare further refined as follows:

1. Two fully mechanised harvesters producing 96,@0thesper annum combine0%
of the total annual feedstock requirementyith the remaining 10,50@nnes (10%)
being split equally between semiechanised and maral harvesting methodsand

2. One fully mechanised harvester producing 48,6@thesper annum(45% of the total
annual feedstock requirementwith an additional 59,00 tonnes (55%)being split
between semimechanised29,400tonnes per annum)and manual(29,600tonnes
per annum)harvesting methods.

120.000 . .
Harvesting Mixes
5.600 tonnes, 7 units
% 100.000 5.600 tonnes. 4 units 29 600 tonnes. 37
c , y
c units
<
a 80.000
©
1S 29,400 tonnes, 21
S 60.000 units
@ 96,000 tonnes, 2
o p
@ 40.000 s
% 48,000 1 uni
2 20.000 ,000 tonnes, 1 unit

Scenario 1 Scenario 2

= Fully Mechanised Semi Mechanised = Manual

Figure 22: Harvestingmixes

The first scenari@d & { O Sy reptdisénts m fnarkein whichlarge mechanised operators
produce the majority of the chipped biomass, with the manual operators pickintheip
shortfall. This makes use of two of the mechanised units, four semi mechanised units and
seven manual units. The second scenaria { O S y) tepidsehts a rhore equal distribution

of the productionbetween the various harvesting methad$his scenario assumes one
mechanised unit, 21 semi mechanised units and 37 manual unitsofdie@umberof people
employed will be the product of theumberof people employed per unit multiplied by the
number of units usegand isdetailedin the section concerning employment.

The weighted average modified internal rates of returns of these two scenarios are presented
below andare calculated using the weigimigs as per the harvesting mixes presented above:
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MIRR Price point

N$450 N$600 N$750
Scenario 1 7.6% 11.8% 14.6%
Scenario 2 4.4% 10.8% 13.7%

Table12: MIRRsof differentharvestingmixes

The micre and macreeconomic impacts of the chosen supply mixes will be based on these
two scenarios.Based on theforementionedassumptionswe will quantify the direct and
indirect benefits and costs of the project in annual monetary terms and perpadtuced.

Employment
Direct

The biomasgower plantwill directlyemployup to 239 people during the construction phase
of the project, ands2 people during the operational phase of the project. Of the 82 will
be operational/maintenance staff and themaining 27 will be service stalhe majorityare
therefore skilled andsemiskilledworkers. Skilled laboumay be difficult to hire from the
immediate surrounding areasjeaningengineers, chemists and techniciamgy have to be
appointed fromelsewhere in the country oabroad while semiskilled individuals such as
administrative and accounting staff, machinery operators and weighbridge offigigkely
be available irthe surrounding towns.

Indirect

The majority of the employmerthat will be created in the countrgind the regioras a result

of the power plantwill be indirect and induced employment, the former on themass
supply chain sideand the latter as a result of increased local consumption of goods and
servicegelating to theemployment generated in theower plantand related value chain

The indirect employment, however, will largely depend on thepply-side scenarios
mentioned above. The greater the mechanised component of production, the lower the
employment creation.

Themix of labour and capital based on the two scenarios differ widely, as do the skills required
for each category. The fully mechanised harvesting method requires more skilled and semi
skilled individuals to operate trucks and machinery, while the manuatadipas generally

only havesmall chippers and tractorsas machinery, which requirefewer semiskilled
operators Making use of more mechanised harvestanader Senario 1,employs fewer
people, but a greater proportion of serskilled people. The secorstenario is assumed to
employ more people but at lower wage levels due to lowelt sbguirements
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Number of people employed:

Power plant Scenario 1 Scenario 2
Skilled 15 4 2
Semi 22 53 79
Unskilled 25 99 522
TOTAL 62 156 603

Table13: Labourrequirement®f powerplantand harvestingscenarios

The manual and senmechanised categories of harvesters are based on the manual and
semiYSOKIF yA&aSR SEI YLX Sa
Bush (2016) compendium of harvesting technologigsile the mechanised harvesting units
are based on adjusted business models presentedBjA\Due to the fact that harvesting
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units areassumed not to bélivisible, there islightovercapaciy inthe two scenarios.

The estimated total wages for the two scenarasl thepower plantare illustrated below.
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Figure 23: Direct wagesto harvestersand powerplant staffin nominalterms
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Figure 24: Direct wagesto harvestersaand powerplant staffin real terms

Ample suitable labour is assumed to be available in both scen&dosrding to the Namibia
Statistics Agency2017), unemployment in Namibia increased to 34% of the working
population in2016. Based othe 2011Population and Housing Cenglata(NSA, 202) there

are 3472 unemployed peoplébroad definition)in Tsumeb alone, ofvhom 2,245 were
actively seeking employment. Overalhskilled labour in the northern parts of Namikim
plentiful according to the same report§he Omuthiyagwiipundi Constituency in Oshikoto
Region is thesixthmost employmenideprived constituency in the country and this partially
falls withinthe 100 km radiu®f the proposed harvesting area for the biasspower plant

Evidence from the charcoal industry (Dieckmann & Muduva, 2010) indicates that, in the
process of bush thinning and producing charcoal, local farmers were capable of employing
half of the available workersdepending on the number of kénavailable and the size of the
area to be harvested. This suggests that there are surplus workers available, particularly for
manual harvesting In 201Q it was estimated that the charcoal industry employed
approximately 400 unskilled workeramplyingthat there is likelyto be sufficientunskilled
labour in thesurroundingarea for manual operations to take placehe history of mining,
smelting and other industrial activity alsuggestdhat there should also be suitable semi
skilled labour available the region if not the broader country

Labour intensive harvesting concerns

Previous studieg¢such as Birch et al., 2016, and WSP, 26a2 raised concern around the
desirability ofhaving a larg@umberof migrant workersnoving through the areas farmers
have experienced challenges with regardgéome poaching, crime arah increasedpread

of HIV.Some farmers have indicated that they prefer methods such as the use of aerial
arboricidesas opposed tomanual bush controldue to the abovementioed problems
However, first time treatment withaerial arboricidesis highly expensivegnvironmentally
unfriendly anddue to its lack of selectiveness, illeg8AIEA, 2015As a result, it is expected
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that farmers will likely prefer to procure theibush control services from mechanised
operators.The organisational structure of using a large number of labourers will also have to
be considered. In our modelling the chipper operator also acts in a supervisory role, however,
a more suitable supervisohjerarchy may be needed.

Anecdotal evidencesupported by Trede and Patt (2018)rther suggests that the labour
intensive unskilled harvesting, while potentially lucrative for labourers, is challenging and
physically demanding work. As such, employeedwer may be high, putting security of
supply at riskwhile also increasing adnistration costs

Local and Cluster development

Development and value addition activities, inclusive of indirect and induced impacts, will be
focused in and around the Tsumabea. This is due to theower plantbeing situated just

6km from the town, with the operational staff assumed to be living in Tsumeb. Similarly, the
harvesting operations are expected to occur in close proximity toptheer plant moving
outwards over ime.

The employment impact will see relatively more lowsge earners, who are more likely to
consume localhproduced goods. Increased employment across all skill levels will see
retailers, as well other goods and service providers, in Tsumeb benefitting.

Running on the assumption that harvested land will be used for livestock farming, the
increasedlivestockcarrying capacity of land will result in greater demand for agricultural
inputs, such as animal feeds, nutritional supplements, and livestock meiisatnd
inoculations. Greater livestock numbers will also see a marginal increase in employment for
farmworkers. Downstream activities will also benefit, witlincreased livestoclproduction
providingmore opportunities for meat processing. This could ske expansion of capacity

at existing abattoirs in order to manage the new output levels, thereby creating some
additional employment as well.

In terms of industrial spioff effects, increased harvesting in the area will lead to increased
local support sevices. These would likely be in the form of increased equipment repair and
maintenance services for smaller harvesting tools such as chainsaws and trolley saws. In a
similar fashion the successful rollout of mechanised harvesting technologies will allow
replication in other encroached areas. Should this be the case, greater demand for parts and
repair for mechanised harvesters will spur the development of these specific support services,
likely to be centralised close to the majority of operations.

As ths project is the first of this nature and scope, significant benefits will be thea$pin
knowledge, business opportunities and transfer of skills generated. Seeing as the area already
being utilised for charcoal production, the opportunity for knowdedsharing is quite high.
Workers with experience in the harvesting industry will be able to drive efficiencies and
increase productivity, especially using the manual and seadhanised methods of
harvesting
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Microeconomic Impact o Agricultural Sector, Ecosystem and
Environment
Agricultural Sector

Livestock farming is one of the primary land uses in the harvesting area. As a resul, it is a
existingsource ofemployment and income generatian the area and regianAgricultural

land in the proposed harvesting area that has been bush thinned will most likely be used for
livestock farming, as land for crop farming needs to be cleared in its entifagprimary
benefits derived by the agriculture sector will thereorcome from increased livestock
farming as it is the most likely use die bushthinned land. As such, it is taken that the
majority of upstreambenefits will come froman increase itivestockcarrying capacity as a
resultof bushcontrol, ultimately manifesting inincreased beef production.

Several stepfoutlined below)were taken to determine the benefit to agriculture, particularly
livestock farming, from bush thinning. The annual hectatéaned (attributable to this
project) were estimated based rothe annual demand irionnes for the power plant
(106500t) and the average yield per hectare (12t68nesha). This amounts to annual
thinning of 8,419 hectares. Over the full Akear period, this totals 21874 hectares of bush
thinned land.

Cattle Farming Land
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Figure 25: Cattlefarmingland

[The model runs under the assumption that the carrying capacity of encroached land is 17
hectares per head of cattle (large stock unit), and that carrying capacity will increase to 10
hectares per head of tite. The formal literature on this topic suggests that a minimum of a
100% increase in carrying capacity can be expected after-thirghing has taken place,
however it is the view of NamPower that this figure is highly optimisticthe proposed
harvesing area As a result, following consultation with farmers in the region, it was decided
that a more conservative increase in carrying capacity, of 70%, would be qtilized.

Kommentiert [C4]: | suggest this paragraps removed, as
it is repeated almost verbatim in the following paragragh
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Based on consultations wifarmers in the area, an initial carrying aftiectares per livestock
unit is used.Using this carrying capacity, and the current heard size within the proposed

KIFINBSaGAy3I INBE Ad SadAYFGSR G lFo2dzi-amypZnnn KSFRa 2F OFGdat S
dza dz f Dhe ©tmal Stepature on the subjt (Birch and Middleton, 2017hdicates that

once land has been bush thinned, carrying capacity will increase by a minimum of 100% after

' LISNA2R 2F F2dz2NJ eSINEP | 26SOSNE o6FaSR 2y bl Yt26SNDR& O2yadA
suggested that this increasevisry optimistic for the Tsumeb area. As such, it was suggested

that an increase of 70% (i.e. from 17 to 10 hectares per head of cattle) is more realistic, and

so is used as the base case in the motleé delay in reaching thiecreasedcarrying capacity

is split over the preceding years the project model. Full utilization of current carrying

capacity is implicitly assumedt is assumed thafarmers are charged N$300 lby Kommentiert [C5]: ~ This is the third time this foot note is

being shown.

harvesters for thethinning of bush, and itis furthermore assumedbased onthe expert
judgement of NBIG that the bush thinnedand is subject to aftercar@at N$200/ha every
three years) with regrowth only occurring in year 20While the aftercare regime should
prevent any regrowth from occurringhe model incorporates regrotli from year 20 as a
precaution.This is howeveranexpensiveactivity and as a result not all farmevsill be in a
financial position to be able to paie upfront and recurring costs. As a result, some farmers
may only clear small portions of their lantla time to ensure affordability.

Head of Cattle
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Figure 26: Headof cattle

10 NamPower haspressed concerns as to the ability of farmers to pay this fee, due to the largeegative

cash flow associated with the once off payment and time it takes to start generating positive cash flows from
the increases in livestock carrying capacity. At 0@Bectare for buskthinning services and with an assumed
8,419 hectares cleared per year, the cost for clearing services would be an approximate N$2.53 million per year,
likely shared between twto-three farmers, depending on farm size and area cleared farm. While this
amount may be material to these farmers, it is not material to the findings of this study with regards to
harvesting revenues and profits, and the proposed poplant. Thus, the assumption could be dismissed
without a material bearingn the study findings.
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With 8419 hectares beingpushthinned annually, as well as the carrying capacitybagh
thinned land increasing bg0%overfour years, the increase livestocknumbers attributable
to the bush controlpractices amounts tadditional carrying capacity 6;933cattle over the
25-yearperiod, assuming regrowth commences in year 20, despitgaing aftercare

Livestock farmers will earn revenue through the inse carrying capacity, as greater

volumes of cattle can be expected to be marketed. It is assumed that marketing will only begin
in year 4, allowing for stock levels to rise and young animals to reach maturity. It is assumed

that farmers will not market &lbof the new livestock, but that 60% will be marketed, with the
majority of the remainder being retained as breeding stock. Of the additional cattle available
for marketing, trends within the market suggest that 75% of these are to be exported (either
live or through export butcheries), boosting foreign exchange earnings (detailed in the
macroeconomic sectioaf this repor).

Agriculture Value Addition
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Figure 27: Netagricultural valuegenerated

Therevenuefor farmers attributable to the cattle marketedwas calculated by using the

2017 average beef producer price of N$35/kg (inflated at 6% p.a.), a conversion factor of

250kg per headf cattle, and the number of additional cattle from theish thinnedand and
increased carrying capacity.

The initial benefit generated in N$/kWierms is negative, as input costs are greater than
output during theharvestingand restocking periodHowever,from yearsevenonward, sales
from the increased carrying capacity starts to stip cost$ and the aggregate profits of
farmers whose land has bedmish thinnedexpands over the project lifespan.
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Kommentiert [C6]: So, in other words, farmers break ev
in yr 6/7, from their N$ 300/ha investment into bush
thinning - which is not todbad, considering they can financ
that bush thinning from Agribank at subprime interest rate
So, all in all, not as unjustified as NamPower makes it ou
be in the footnotes.

Another point against this "charity" sentimentvho then
chooses what farmget harvested if it is offered as a free
service? Answer: connected individuals and highest
bidders/bribers either way. Alternatively, have a transpar
fee stucture in place, and everyone has access to those
services, even the poorer farmers, throughribgnk
products.
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Figure 28: Netagricultural valuegenerated

On anet basis, thebenefit in year one amounts to a loss of NBsmillion, as the marginal
additional value of the cattle obush thinnedand does not offset the costs barvestingand
aftercare as well as the input costs for the increaseaimber of livestockHowever,over
time, the carryingapacity of the land increasesdoes the additional value to farmerghus,
by yearten, farmersare expected teseea net benefit ofapproximatelyN$2.1 million. The
total net benefit to famers over the 25 years, once discounted (at 6% p.a.)6i riiflion.
This value accounts for the cost to farmers farsh control and aftercare, under the

assumption that farmers pay N$300/ha and N$2@0for these services, respecti\)%!{&

Kommentiert [C7]:
unecessary footnote:

This is the 4th repitition of this

The average direct value addition from livestock per kWh over thgedb lifespan of the
power plant in 2018 terms, is N$02kWh, which accrues to farmer3he further benefits
are o the upstream and downstream activities, such as input industries for farming (cattle
feed, veterinarians) and downstream activities (suchabattoirs), increased exports, and
additional workers hired as a result of larger herd sizes.

1 NamPowerhas expressed concerns as to the ability of farmers to pay this fee, due to the largegaive

cash flow associated with the once off payment and time it takes to start generating positive cash flows from
the increases in livestock carrying capaciy N$300/hectare for busthinning services and with an assumed
8,419 hectares cleared per year, the cost for clearing services would be an approximate N$2.53 million per year,
likely shared between twto-three farmers, depending on farm size and arezacde per farm. While this
amount may be material to these farmers, it is not material to the findings of this study with regards to
harvesting revenues and profits, and the proposed poplant. Thus, the assumption could be dismissed
without a material baring on the study findings.
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Harvesting Scenarios Impact on Value Addition

The two harvestingcenariosachieve different directontributions in real termsto local
value addition, withthe first scenario displaying a nptesentvalue (NPV) of N$0.15/kWh,
compared to a N$0.11/kWh NPV fazenario2.
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Figure 29: Netharvestingvaluegenerated

Harvesting Value Added (N$600] NPV (N$/kwh)
Scenario 1 0.15
Scenario 2 0.11

Table14: Harvestingvalueaddedper kWh

Ecosystem Services

Bush encroachment impacts a range of ecosystem services. A review ireB#cli2016),

taking into account the Common International Classification of Ecosystem Services (CICES)

classification, recognised three categories of services: provisioning, regulation and

maintenance, and cultural. The point is made that for many oftheAsén8 4 GG KSNB A& fAGGES REFGI

or research on how they might be impacted by-@lelzZa KAy 3¢ & . St 2¢ Aa | &dzYYINE 2F (KS
services which are expected to be highly impacted hgraestingorogramme:

Category Ecosystem Service Class Example Estimated
direction of
impact from
bush control

Provisionin| Reared animals and thel Beef production positive
g outputs
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Groundwater for drinking Drinking waternon-drinking positive
and nondrinking uses water
Plantbased resources Charcoal and firewoo positive
production, electricity|
generation

Wild animals and theil Game meat, skins mixed
outputs
Fibres and other material Materials for construction positive
for direct use processing
Materials for agricultural usq Animal feed supplement mixed

Regulation | Global climate regulation b| Carbon sequestration negative

& reduction of greenhouse g3
Maintenan | concentrations
ce Mass  stabilisation  an{ Control of soil erosion positive

control of erosion rates
Hydrological cycle and wat{ Groundwater recharge positive
flow maintenance
Maintaining nursery Habitats for species mixed
populations and habitats
Weathering Processes Restoration of soils positive
Decomposition and fixin{ Nitrogen fixing and nutrien mixed
processes replenishment

Cultural | Experiential use ofplants,| Wildlife viewing positive
animals and landscapes
Physical use Trophy hunting positive

Adapted from Birclet al. (2016)

Table15: Environmentaimpacs of bushcontrol

For the purposes of this project, valuations are undertaken for beef production (see previous
section), groundwater recharge (see next section), and climate regulation, via greenhouse gas
emissions. Tourism is also discussed, although only a transfettivalig estimated. Other

areas are harder to assess, and also less relevant in some cases given that the biomass is
allocated for a single use i.e. electricity generatiblowever,there are potential spiroff

effects from the establishment of a majbushthinningand offtake programmg that could

help accelerate the development of other services listed above.

Groundwater

The objective to increase groundwater resources is one of the main motivations behind bush
control. Bushencroached land places modemand on these resources th&mush thinned

land, due to a higher rate of evapotranspiration (Christiml., 2010). Previous studies (Birch

et al,, 2016 Birch and Middleton2017) by the Namibia Nature Foundation (NNF) found that
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the evidence was liméid on groundwater recharge rates both for bushcroached andush
thinned land. Therefore, hey adopted an averagechargerate of 1% of rainfall across the
country (Christelis and Struckmeier 2011) as the baseline for-bostoached land. Studies

on the impact ofbush controlsuggested increases to betweer8%, however a conservative
estimate of 2% was applied. A more recently completse:&r controlled study in Okahandja
(Groengroefet al. in press) suggests that recharge rates for both berstroaded (1%6) and
bush thinned(42%) land are much higher, however we retain the NNF assumptions for this
analysis, and note the likely bias to underestimate the level of groundwater resource
improvement.It must be noted that the use of herbicides agricultiral land will have a

negative impact on th@vailable groundwater resourdebs herbicides arguick to net Kommentiert [C8]: not necessarily an availability issue,
biodegractablé and could contaminate leak into groundwater, thereby causing LMOreofaguality issue.
contamination Kommentiert [C9]: This is false, they definately are

biodegradeable, it just happens over a certain prolonged
Also noted from the NNF studies were two different approaches to valuation, in respect o fhe:ggﬁgt?;n:i;gf’;eBﬁ‘;?ﬁg'cij femﬁfzfof'fspgggfge‘;"
the extent of increased stocks that could be valued. In the national study @iedh 2016), 15 months. Those are the two most common arboricides
the total increase in stocks were valued, whereas in the regiondygirch and Middleton used in Namibia.

2017), only the increase in stocks that could be extracted by existing infrastructure were

valued. The latter approach is more realistic as it implicitly assumesegligible investment

costs to realise the value of increased gndwater stocks. It is therefore also more

conservative. In place of current information regarding the existing water extraction

infrastructure in the project region, we apply an accessibility ratio derived from the NNF

regional study, of 10%.

The total drect groundwater increase fromush controcan be calculated using the areash
thinned (8,419 hectaresannum), and the average rainfall for the region (550ranmum),
based on climate data from Grootfontein (Petrick and Kaf0il8). Assuming no bush
regrowth, and applying the accessibility ratio, the increase in extractable groundwater stocks
would be 1.13 million rhper annum after 25 years, or 14.5 millior? m total over the time
period. Before placing a value on these stock incrgabere are vaous offsetting factors to
consider.

A coobjective ofbush controlis to improve the carrying capacity of land, in particular with
regard to cattle. For this analysis, it is assumed that all harvesting takes place on cattle farms,
and that the improved carrying capacity would be utilised. This results in an increasing
number of cattle, as detailed previously, and a consequent increase in demand for water by
cattle. Figures provided by NamPower indicateaue of9.13m3 of groundwater consumed

per head of cattle per annum. This results in additional water consumptiontbegreriod of

981 155n°.

The biomasgpower plantwould also use water in the production of steam to drive the
turbine. The amount required has been estimated as’®fr hour, which assuming 85%
capacity equates to 37,23Crper annum, and 930,75Chover the period.
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A large potential offset comes from bush regrowth. This can be avoided by the deployment
of an aftercare regimérhe assumptions for this study are that such a regime is followed until
the 20th year, ensuring zero regrowth over this tiraéier which bush regrowth occurs to the
extent that it offsets the impact of harvesting i.e. there is no net increabesi thinnedand
during the lastfive years. Regrowth therefore reduces extractable groundwater stocks by

833,000n4 over the period. Kommentiert [C10]: What rate of regrowth is used in the
assumption after year 20? Or is it assumbdttreversion to
a bush encroached state will occur within a single year?

Additional extractable groundwater available due to Project
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Figure 30: Additional extractablegroundwater

Net of all offsets, extractable groundwater stocks are projected to increagd.Bynillion m?

over the25-yearperiod. In order to value these stocks, we observe that the Ndtes took

an avoided cost approach, obtaining an implied price for water from the Kalkfeld supply
project, of N$14.7 million per million fof water, at 2015 prices. Assuming 6% inflation to
the start of the operational period in 2022, and valuing césWs in real terms from then on,
results in a net valuation of 284 million (N$007/kWh) for the increase in extractable
groundwater stocks.

Applying individual shifts to key variables gives an indication of the model sensitivity. As
previouslymentioned, conservative assumptions have been applied in respect of the recharge
rate, and accessibility ratio. Their equivalence is shown for shifts which would effectively
double or half the amount of groundwater to be valued. An increase in the rechratge
could easily be justified by evidence from recent studies. Increasing the accessibility ratio,
assuming a fixed water supply infrastructure, would be equivalent to applying @eron
valuation to the remaining groundwater stocks, and could alsabtfied on this basis.
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Sensitivity Analysis for groundwater recharge
Base Case 194,503,989 0.052
Variable Shift NPV (N$) N$/kWh
Rainfall (550mm/gar) -20% 173001452 0.047
+20% 315,971,896 0.086
Water Price (N$14.7) -20% 195,589,338 0.053
+20% 293,384,008 0.080
Aftercare Rate (100%) 75% 162,665,499 0.044
50% 105,503,975 0.029
Accessibility (10%) 5% 65,773,618 0.018
20% 601,912,784 0.163
BushedThinnedLand Recharge 1.5% 65,773,618 0.018
Rate (2%) 3% 601,912,784 0.163
Tablel6: SensitivityAnalysisfor groundwaterecharge
Tourism
¢KS (2d2NARAY AYRdAZAGNE Ad Iy AYONBlIaAy3dte AYLRNIFIYyGE aS00G2N Ay

a rich resource of landscapes and wildlife, both of which can be impacted &y bu
encroachment. For those with aesthetic objectives, dense bush can make it difficult to see
animals, and changes the nature of the landscape. Other tourists with consumptive objectives
may find reduced success, when hunting for example. There is a facksearch on
quantifying the impacts of bush encroachment on tourism. The NNF regional study (Birch and
Middleton, 2017) made a preliminary attempt, a summary of which follows.

The study considered both nesonsumptive (wildlife viewing) and consumptivieophy
hunting and game products) aspects of tourism in Otjozondjupa. Revenues from wildlife
viewing were hard to isolate, with only anecdotal evidence available to suggest increased
tourist satisfaction, and willingness to pay higher prices for viewingals on bustihinned

land. An estimate was made that an additional N$19.9 per hectare of revenue could be due
to bush control Based on 9,150 hectares per annum of private game farms lrisk
thinned, as per the NNF stugdshis resulted in a net discoted benefit of N$22.7 million over

25 years. Increased costs were not estimated, but were expected to increase in line with the
expectation of more visitors.

Trophy hunting and game products provide larger baseline amounts of revenue to
conservancies andripate game farms. The perception within conservancies was that bush
encroachment did not have a significant impact on hunting or game stocks, therefore the
analysis focused on private fardﬁsssuming a 50% carrying capacity increase (from&03%0
evidental range) due tdoush thinning an attempt to model the sustainable stock increase

was madéBased on 1.25m hectares of existing farms, additional revenue of N$135.2 millio1 Kommentiert [C11]: Perhaps NamPower would like to
per annum was estimated. Adding new farms, based on a 10% capacity expéetimnan chime in on the carrying capacity of game farming?

estimated N$33 million per annum, for a total discounted benefit of N$1.1 billion over 25
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years. Such a benefit requires significant investmemetdize and the associated costs were
estimated at N$882 million, for a net benefit of N$202 illi

The study area assumedash thinningate of 316,000 hectares per annum, with a weighted
density reduction of 38.5%, so effectively 121,500 hectares per annum of butisimebd

land. This is ~15x the area to be bushéthned per annum in this project, so a naive
calculation, assuming all conditions are equivalent, suggests potential tourism benefits in the
project region of N$15 million (N$0.004/kWh) over tR&year period. Given the assumed
utilizationof all harvested lanibr cattle farming elsewhere in this analysis, this figure should
only be considered for comparison, rather than as an addition to the value of the project.

Environmental Impact

The environmental impact of the project is to be analysed in various ingsseissments over

the coming months. Therefore a complete microeconomic assessment is not possible at this
stage, however some baselines and key considerations are briefly outlined, which may give
rise to arguments for further costs and/or benefits to baated. Greenhouse gas emissions

are evaluated in the subsequent section.

The following sections are based on the Draft EIA Scoping Report (Petrick and Katali, 2017),
commissioned for the project.

Biodiversity

The harvesting area has high levels of plamdemism, and high diversity levels for plants,
birds, amphibians and mammakyveidentified bird species are on the Red Data list, tmal

are Globally Threatened. In totaight bird species are regarded as being at potential risk
from the project deelopment, with breeding birds deemed especially vulnerable.
Assessments of the potential for disturbance or destruction could form the basis for existence
value calculations. The area is suitable as a Black Rhino habitat, although for security reasons,
no numbers are available. Regardless, the economic impact of any disturbance, or increase in
poaching, both in terms of existence value and tourism impact, could be significant. Potential
improvements in biodiversity from bushinning, and rangeland improveant are explicitly

valued in the groundwater and agriculture sections.

Water

Contamination potential exists for both surface and ground water from hydrocarbons at plant
and from transport, chemicals spillages, ash, and water treatment activities. Any such
occurrence would have direct and indirect economic impacts-&fiis likely to increase to
farms, dams, rivers, which is positive in a Namibian context, but could also increase erosion
impacts on steeper ground. The positive impacts likely due to reeheatp increase are
evaluated in the previous section.
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Air quality andhird-party health

Baseline pollution sources in the region includl@mibia Custom Smelter (in Tsumetattle
farming, crop farming, and dust from unpaved roads. Potential existedoy morning
pollution impacts at Tsumeb from nigtime westerly winds. Evaluation should be made as
to whether any increases in pollution from tpewer plantcause acceptable pollution levels
to be breached.

Noise

Baseline noise levels were measuredved farms, both within 2km of the proposed site, and
deemed to be relatively high due to traffic and farm noise. Levels are likely to increase from
plant and harvesting activities, but with limited impacts on the local population.

Visual

The project sitearea is covered in medium to tall bush, and there are mining and quarrying
activities in the surrounding area. The visual value has been assessed as moderate. No
residential or tourist sites occur within the study area, so the aesthetic impact of theiplant
likely to be minimal, although harvesting and transport activity may be more exposed.

Traffic

The site is situated adjacent to the Traksnene Highway Corridor, and would require some
geometric upgrades. The increased traffic, particularly large ybughicles will likely cause
safety issues. Road surface conditions are likely to be impacted from the heavy vehicle flow
transporting woodchips. These factors add up to some potentially significant economic
impacts that will need to be addressed.

Greenhose Gas Emissions

Burning biomass to produce electricity, impacts greenhouse gas emissions in several ways,

with varying degrees of clarity. Different accounting procedures for these emissions can
fundamentally change the outcome, so we set out our assusngtivith regard to the most

important aspect first. On burning, the carbon that was stored in the woody biomass over the

growth period is released as carbon dioxide. At that point in time the emissions factor per

unit of energy can be similar to that of @p and perhaps even larger due to higher water

content. However established procedure, adopted for instance by the EU Renewables

Directive 2009, assumes that the carbon dioxide emitted will be compensated by that

captured during plant regrowth (E2016).! & Y Sy (i A 2 Yy SR TheftarBof dioxideH n MH O = &
released during this process is termed biogenic carbon, and as it forms part of the short
OFNb2y 0O0e0ftSz Aa y2i O2yaARSNBR (2 KIFIZFS I aA3IyAFAOLY G AYLI O
can be controversial hen considering biomass derived from forests with long growth cycles.

However, given that encroacher bush is typically fast growing, particularly in the casklef

Bush, which dominates in the project area, this approach can be justified. It shooldels

recognised that the amount of biomass required for this project will likely not prevent net

growth in stocks of encroacher bush nationally, or even regionally, and the sequestration
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capacity that this entails. With this net zero emissions assumptimm biogenic carbon, the
focus therefore is on emissions from the supply chain and land use change.

Supply chain emissions include harvesting, transport and conversion processes. Emission
factors measured iffonnes of Carbon Dioxide equivalent (T&pperkilowatt hour KWh)
were estimated for a project of this type in WSP (2012).
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GHG emissions (TG&) perkWh of
electricity generated
Harvesting 9 17
Infield Transport 1
Handling 2
Road Transport 5
Conversion 15 15
WSP (2012)

Table17: GHG emissiongTCOxe) per MWh of electricitygenerated

Using data provided for the project, the fuel expended for transport is in line with these
estimates, however for harvesting, the partial use of mechanised methodsneilt an
emissions factor, 1:2 times higher than those estimated. For conversion, which essentially
is power used to run the plant, we adopt the estimate provided. These factors produce supply
chain emissions of ~130,000 T£2@ver the25-yearperiod.

Land-use change can be considered in two ways. The first concerns soil organic carbon, and
the impact of transitioning from encroacher bush to savannah. To date, studies have rather
focused on the transition from savannah to encroacher bush, as this theatygirection of
change We aretherefore limited to adopting the assumption that taking the negative value

of observed effects is a valid approach. A paper by Biis#r(2014) found a range of results

from 15 studies across 21 locations, mostly ia thS, with a mean value of 21gCffar the

impact of transition to encroacher bush, although with a wide range betw88gC/nf and
239¢gC/ni. The authors also conducted their own study on Sickle Bush encroached areas in
Zambia and found a range of-1B8gCim?. This is the same species type as present in most of
the project area, so it gives some reassurance that adopting the mean study value has some
validity. Namibia has very low levels of soil organic carbon, so the NNF studies made the
I & & dzy LJ A 2 gapaitify bf the sbilitdcKsequester carbon is only reduced in the first year

ofded dzZa KAy 35S NI GKSNJ GKIy

Fyydzh tteéo

I LILX 8 Ay 3

bush thinningvolumes, net of regrowth, results in ~123,000 3E€0ver the25-yearperiod.

The second consideration for lainde change is the impact of improved carrying capacity,
and the utilisation of it by increasing numbers of cattle. The effects can be significant given
that cattle emit methane, which has a GHG potential ~30x greaten tBQ. Following the
sources included in the NNF studies, provides an estimate of emissions per additional head of

cattle per annum:
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Estimate of C@e emissions / Head / Annurfrom
additional livestock
Averagdiveweight (kg) 297
Emissions per Kiyveweight (kgCe) 11.93
Convert totonnesfrom kg 0.001
Additional emissions (TG€) per Head 3.54321
NNF (2015)

Table18: Estimateof COze emissiong Head/ Annumfrom additionallivestock

Applying this figure to the cumulat increase in cattle as modelled for this project, results in
additional emissions 0f380,000 TCee over the25-yearperiod.

Alternative land use scenarios could be considered, for example switching to a mixed model
with game and tourism, as well asittle farming. This would likely be much less directly
emissions intensive, however the secondary effects of increased tourism, with associated air
miles, could offset or outweigh, on a macro scale, the reduced emissions from cattle.

To summarise the suypchain and landise change emissions, we have the following:

Activity TCQe over 25 Years TCQe / kWh
Harvesting* 69,160 () / 55,083 R) 19@0)/15Q)
Transport 12,529 3
Conversion 55,845 15

Soil Carbon 123,330 33
Livestock 380,771 102
Total 641,635(1) / 627,558(2) 172(1) / 168(2)

*1 & 2relate tothe different harvesting scenarios

Table19: Supplychainandland-usechangeemissions

One of the motivations behind the project is for Namibia to become nsetésufficient in
electricity. Current domestic generation satisfies less than half of demand, with the remainder
being imported from neighbouring countries, predominantly South Africa. Namibia produces
electricity with a very low emission factor of aralif0 TCQe/kWh, due to the large
proportion coming fromthe Ruacanahydroelectric plant However on a gritevel basis,
including imports, the emission factor is around 10 times higher, due to the reliance of South
FTNROE 2y 02t L2 PdfpdbiRity StSdy SUSPOIR) @setithe grif leval &
factor of 4898 TCQ@e/kWh. Analysis of current energy sources as stated in the Rdarar

2017 Annual Report (NaPower, 2017) suggest a figure of arousf0 TCQe is still relevant
today. Applied to theproject parameters, this results in 1.82 million TE®f displaced
emissions, which would more than offset the emissions generated by the project, for a net
value of-0.9 million TC& emitted. Furthermore, a reasonable case can be made that any
new geneation capacity would be expected to specifically displace imported power. A
UNFCCC (2013) baseline study for projects within the Southern Africa Power Pool (SAPP)
acknowledges this approach, and establishes a grid emission factor df B6®e/kWh, for

any new generation capacity to be measured against. Recalculating with this factor gives
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displaced emissions of 3.59 million T€@ver the25-yearperiod, and a net saving of 2.67

million TCGe:

TCQe over 25 Years

Grid Emission Factor Emitted* | Displaced | Project Net| PerkWh
Namibian Grid = 489 (WSP) 634597 | -1,823,525| -1,188928 -319.3
SAPP = 964 (UNFCCC) -3,590,461 | -2,955864 -794.4

*This is an average of the two scenarios considered, whickaiable byonly 0.78%

Table20: Tonnes of carbondioxideemission®ver 25 years

A note of caution with regard to applying the SAPP grid emission factor over the whole period
is that it largely assumes South Africa will remain almost entirely dependent on coal power
generation ove the next 25 years. It is more likely that renewables will increasingly come
online, leading to a decline in the factor over time. It is therefore prudent to use the Namibian
Grid factor, although this will decline commensurately, as a basis for emisgans
calculations.

Converting these emissions into an economic value requires a carbon price. There are various
emissions trading schemes for both mandatory and voluntary offsets, around the world. The
current price in the European Trading Scheme (EWETS & 9 e pen(N$ILAS)NBaving h
doubled over the past year. Voluntary offsets are typically cheaper. Neither is thought to be
high enough to motivate serious action, and an alternative measure, the Social Cost of Carbon
(SCC) has been devised as amege of the economic damages associated with increases in
CQe (US ERPRO015). For 2017, this was set at US$39 (N$457). Within Namibia a much lower
value of N$60 per TG®was being used for the National Integrated Resource Plan review in
2015 (NIRP2016). As this aligns reasonably well with voluntary carbon markets, it can be
applied as a conservative figure, although we have assumed 6% inflation to the start of the
operational period.

61



Value of Net Emissions at beginning of operational period

Carbon Price NIRP N$85 EU ETS N$145 SCC N$457
NPV N$ 101,058880 172394,560 543,340,096
N$/kWh 0.028 0.046 0.146

Table21: Valueof NetEmissionsat beginningof operationalperiod

The value of net displaced emissions resulfirign the project is calculated to be N$1

million (N$0.08/kWh). Valuations based on the other carbon prices discussed are shown for

comparison.
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Summary ofnicroeconomic benefits

The aggregate micexonomic impact of theoroposedpower plantis made upof direct
payment of wages and salaries, agricultural benefits in the form of livestock production,
improve groundwater recharge fronmthinning bushencroached areas, reduced £0
emissions, increasedbmestic electricity production and value addition derived from biomass
harvesting.

Assuming a price p¢onne of N$600 for biomass, the point at which both biomass harvesters
and thepower plantare profitable, the two harvesting scenarios (detailed le Blended
Supplier Scenarigsortion of this document) yield similar returns. The greatest value addition
in terms of Namibia Dollars per kWh of elécity generated can be seen in tdé&ect wages
and biomass harvesting operations.

Total Microeconomic Total Microeconomic
Benefit- Nominal (SC1) Benefit- Nominal (SC1)
350 2,50
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= 200 = 1,50
4
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Total Microeconomic Total Microeconomic
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Figure 31: Total microeconomibenefit
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In netpresentvalue terms (discounted at 6%, the assumed annual inflation rate), the
aggregatevalue of gross value additiamder Scenario 1 (90% mechanised) is N$1.47 billion
of value addition that would otherwise not take place were it not for this project, or
N$0.40/kwWh

Total NPV of Microeconomic Benefits
. 1.800 r 0,45
c
k=l
= 1.600 - 0,40
2
1.400 - 0,35
1.200 - 0,30
1.000 - 0,25 £
=
=
800 - 020 2
600 - 0,15
400 - 0,10
- - 7 0105
Scenario 1 Scenario 2
m Direct Wages ™ Agriculture Groundwater ®CO2 H®Electricity Harvesting

Figure 32: NPV of microeconomibenefits

In netpresentvalue terms (discounted at 6%, the assumed annual inflation rate), the
aggregate per kWh value of gross value addition in the rmamual (45% mechanised)
Scenario 2sN$1.52 billion, or N$0.41/kWThesecond scenario provides fosbghtlybetter

NPV in terms of N$/kWh due to the relatively higlaggregatevages that the more manual
form of harvestinggenerates.
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Harvestingnethod and price-point sensitivity

The aforementioned NPV calculations assume a fixed breakdown of mechanized vs. semi
mechanized vs. manukarvestingas well as a price point of N$6@@hne for biomass. These
assumptions may deviate from those that will materialize in practice. The tngpacchange

in harvesting approactas well as pricecan be inferred from the below charts.
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Figure 33: Harvestingmethodand price-point sensitivity
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NPV (N$) 2018 NPV/kWh
Fully Mechanized: 45@inne (43.12) (0.01)
Fully Mechanized: 60@3nne 475.09 0.13
Fully Mechanized: 75@nne 984.99 0.26
SemiMechanized450/tonne (341.46) (0.09)
SemiMechanized: 60@Gbnne 61.52 0.02
SemiMechanized: 750bnne 443.24 0.12
Manual:450/tonne (57.06) (0.02)
Manual: 600fonne 322.53 0.09
Manual: 750fonne 702.12 0.19

Table22: Harvestingmethodand price-point sensitivity

Similarto the priceassumptiondor harvesters, the contribution of thpower plantto the
economy will depend on the price of the main fuel, namely biomass. The below charts and
table illustrate the sensitivity of theontribution to the economy made by electricity at the

three price points.

Electricity Value Addition (Nominal)
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Figure 34: Electricity valueaddition- Nominal
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Electricity Value Addition (Real)
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Figure 35: Electricity valueaddition- Real

Electricity Value Addition NPV of Benefits (N$) 2018 Dolla] NPV / Total kWh
450/tonne 660.50 0.18
600/tonne 283.39 0.08
750/tonne - 93.72 (0.03)

Table23: Harvestingmethodand price-point sensitivity
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Macroeconomic Impact of the Project
Contribution to GDP

Direct

The direct contributions to GDP from the project will berséeth during the construction
phase and the operational phases of the project. The construction phase will see the greatest
shortterm addition to GDP, while operations will provide a smaller lrigerlived
contribution.

Construction

The total construction cost of the project is estimated at N$941.07 million, assuming a
Namibia dollar exchange rate of 12 to the US dollar. Of this, an approximate N$423.26 million
will be direct imports, includinthe boiler, steam turbine, feedwater heaters, condenser and
other specialised equipment. From a GDP perspective, these imports register as a negative in
the valueaddition calculation, while onlygrossvalue addition (output less intermediate
consumption) on the remainder of the construction activity forms a direct positive
contribution to GDP.

In the construction sector, the ratio of gross value addition to total output varies fra¥t@8
32%, as illustrated below. Over the past 10 years, the rati@hasaged approximately 30%,
which is the assumed ratio for this project. As a result, the direct construction phase value
addition from this project is assumed to be N$152.04 million.

Value addition as % of Output
N$ Million (2018 dollars) 28% 30% 32%
Output 506.79 506.79 506.79
Intermediate consumption 364.89 354.76 344.62
Value added, gross 141.90 152.(8 162.17

Table24: Direct constructionphasevalueaddition

However, when the largémport component of the proje@ costs are factored into the
equation, the direct net contribution to GDP during the construction phase falbl#282.23
million, a net contribution of-0.16% of forecast 2018 GDP, in 2018 values

Operation

During the operating phase, the direct contribution of fp@wer plantwill be two-fold when
compared to the statusjuo, assuming that the power generated is offaghinstwhat would
otherwise be power imported from the region. In this regard, power getien would
constitute one portion of the direct contribution to GDP, while the reduction in imports would
be a second contribution.

The price paid by NamPower for biomass will be a large determinant of intermediate
consumption cost for the contributionot GDP of thepower plant and thus the GDP
contribution of the plant.The higher the input (biomass) cost, the lower will be the direct
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contribution to GDP, although the inverse is true when it comes to biomass producers and
their contribution to GDPThecontribution to GDP also varies from year to year over the 25
year lifeexpectancy of the plant. As a result, depending on the year, and depending on price
paid for biomass, the plant will generate electricity worth betweérd41% and 0.88% of
GDPper yanr.
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Figure 36: Electricity ValueAddition, Gross
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Figure 37: Electricity Production,Contributionto GDP

In inflation adjusted terms, thpower plantvalue addition per kWh varies frof$0.07and
N$0.24 depending on the price of biomass and the year of operaflére negative
contribution implies that the cost of power production is greater than the revenue that is
generated therefrom, meaning that the neg¢ffect on GDP would be negative.
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Addtionally, the reduction in impogd electricitywill contribute between 0.08%and 0.566%
of GDP over the 2§ear lifeexpectancy of thepower plant

Electricity Import Substitution
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Figure 38: Electricity Import Substitution

In netpresentvalue terms, theelectricity value addition over the project lifetime is illustrated
in the table below at eacbf the respective price points, as well as the impact of reduced
electricity imports.

Electricity Value Addition NPV of Benefits (N$) 2018 Dolla] NPV / TotakWh
450/tonne 660.50 0.18
600/tonne 283.39 0.08
750/tonne -93.72 -0.03
Import Substitution 3,238.85 0.87

Table25: Netpresentvalueof electricity valueaddition
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NPV- Electricity Production and Reduced Imports
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Figure 39: Netpresentvalueof electricity valueadditionat differentprice points

The total NPV of reduced electricity imports and local productiad$iper kWh varies from
N$087/kWh (biomass purchased at N$7%0nne) to N$L.07/kWh (biomass purchased at
N$450/tonne).
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Figure 40: Contributionof reducedmportsandlocal productionto GDP

As a result, the direct contribution to GDP from tpewer plant during the projec®
operational phase will vary between @.B%and 0.88%, largely depending on thegut cost
of biomass.

Indirect

The indirect contribution to the economy is viewed, primarily, to come from two sources.
These are the biomass industry, as well as the increase in agricultural output expected from
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the bush thinned landand improved rangeland manageme(ats outlined earlierassociated

with biomass harvesting. The downstream benefits of the energy production are assumed to
be netneutral on the Namibian economy, as the locally produced power is merely a
substitute for inported power, not power that would otherwise not exist. Therefore, apart
from the upstream benefits, no direct downstream benefits are assumed.

Biomass

The direct contribution of biomass to GDP depends on the sales price of biomass to
NamPower, as well ahe harvesting method used by harvesters. In this regard, the greatest
direct contribution to GDP is seen from fulhechanizecharvesting, although the indirect

and induced contributions to GDP may be smaller than some of the faboirintensive
harvestng options. The lowest direct contribution to GDP is from partiadlgchanized
harvesting, while fully manual harvesting sees a direct contribution between the two.

The greatest contribution to GDP from harvesting is seen whenrfidhhanizedcharvesting
isutilizedand the price petonne of biomass isetat N$70. In this scenario, the contribution
to GDPfrom the biomass supply chawaries from0.0126% to 0.0210% over the 25ear
lifespan of the plant. At N$60@nne, fullymechanizedthe contributbn to GDP varies from
0.0012% t00.0112%.
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600/t Semi Mechanized
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Figure 41: GDP- Harvestingmethodand price-point sensitivity

The value addition profiles, and thus the contribution to GDP vary across the scenarios due to
a. the revenue generated by the harvesters, which is dependent on the pricemee of
biomass (as the volumes are fixed); and b. the costs associated witiathesting approach.
Manual harvesting requires less reinvestment in harvesting equipment ovgratver plant
lifetime, whereas fully mechanized harvesting requires extensive and costly reinvestment. On
the manual sie, labour and equipment costs are thfairly constant across years, whereas

on the mechanized harvesting sidbey are less schence the smoother profile seen in the
manual harvesting figures, when compared to the more staggered profiles for the more
capital intensive serinechanised andully mechanised figures

Further details on th&l&¥kWh and NPV of harvesting activities can be found inHhevesting
method and price-point sensitivitysection of this report.
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Agriculture

One of the single largest benefits to GDP as a result of the proppmseer plantis the impact

that bushthinnedland will have on increased agricultural carrying capacity. Foptingose

of this study, it is assumed that aliinned land will be used for agricultural purposes
particularly livestockarming- and all alternative landisesare not considered in this study

The reason for this is that it is assumed that the bease scendo for farmers in the area is

to increase livestock numbers as carrying capacity on the land increases. In the event that
farmers undertake activities other than livestock farming, it is assumed that this will be done
only because the potential returns flo such activities are greater than would be the return
from livestock farming. This is to say that the basase for value addition is captured in the
assumptions made, and any deviation away from such can be expected to yield greater long
term return forfarmers and thus the local economy.

Assuming sustainable yield df2 65tonnesof dry biomasger hectare, and 106,500nnes

of biomass to be consumed by the plant a year, a total of approxim8téfidhectares of
land will be harvestedper year. Thigs expected to allow for &0% increase irarrying
capacity of livestock on this land, from one animal evétfdctares, to one animal evefy)
hectares. This ultimately implies that every year, a totaB4f new head of livestock will be
able to be caied by thebushthinnedland. However, it is likely to take some time to achieve
this level of stocking.

Over the 25year lifespan of the plant, the increased contribution of agriculture to GDP is
expected to peak out at approximately 04%. This is th point at which agricultural output
peaks and is based on the assumption of after¢am@gapplied every three years.
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Figure 42: Additional LivestockContributionto GDP
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Further details on thél%¥kWh and NPV of agriculture/livestock value addition can be found
in the Agricultural Sectosection of this report.

Multiplier effect
Livestock

Upstream

The livestock (commercial animal product) industry has an extensive upstream value chain,
with output from the sector requiring inputs from almost every other sector and/or industry

in the economy. From a commaodity consumption perspective, the lafgsstoundindustry

inputs are from the fabricated metals, machinery and equipment sector (21.8%) and the

petroleum products sector (18.1%). From the services and production side, the industry
consumes primarily from the wholesale and retail trade industsywall as from the finance

and insurance (13.1%) and transport (7.1%) industries.

Downstream

Similarly, there is a wetleveloped downstream value chain for livestankNamibia The
largest downstream consumer of commercial animal agriculture is the meatessing
industry, which captures approximately 48% of the output value of the livestock industry,
followed by leather production which captures approximately 20%. The wood and furniture
industry capturs approximately 12.5%, with hotels and tourism 4t8% and 3.5%,
respectively.

As a result, the industry multiplier effect is approximately3®,dmplying that for every N$1
of output generated by the industry, N$36f output is generated in the economy as a whole
through up and downstream activities

Construction

Upstream

The construction indusy also has substantial multiplier effects through the economy. The
first-roundupstream multiplierof the sector is approximately 2.09x, driven primarily by input

consumption from the wholesale and rettiade spaceZ5.5%, thereal estate and business
services sector (1629 and the transport industry (9%).

Downstream

From a downstream perspective, the construction industry hastably lowerfirst-round
multiplier effect, totalling just 1.13x. Thersall multiplier is created through various inter
sectoral linkages, however none are individually larger than 2.0%.

Intotal, the construction industry has a B8 multiplier effect on the economy, implying that
for every N$1 dollar spent in this industrgt total of N$2.36 of output is created in the
economy.
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Electricity
Upstream

The upstream value chain of the electricity sedmsubstantial, with a firstound multiplier
effect of 1.59x. The main contributors to this is the consumption of petrolguaducts
(23.2%) and fabricated metals, machinery and equipment (20.2%).

Downstream

While there are sizable downstream multiplier effects from the electricity sector, it would be
inaccurate toapply these multiplier effects to the output calculation, as additional
electricity will be available in the country as a result of thisver plant Rather,locally
produced electricity will replace imported electricity, but the downstream impact of the
change will be negligible.

Because of the exclusion of downstream multipliers, for pgurpose of this study, the
multiplier effect derived from the introduction of thpower plantis exclusively upstream, at
1.59x.

Biomass

The biomaséndustry does not have a specific line in thecial Accounting Matrix, and it is
thus assumed that the industry will have similar multiplier characteristics to those of the
commercial cereal crop sector.

The commercial cereatops sector has & 71x multiplier effect on the economy. This implies
that N$1 of output from the sector adds N¥1 to the local economy.

Overall indirectand multipliercontribution to GDP

The overall contribution to GDedntribution of the power plantvaries from year to year, as
well as on the harvesting mechanism used dhe price paid by NamPower to the biomass
harvesting industry.

Year

N$ Million Multiplier -2 -1 0
Construction Value Addition, Gross 45.61 60.82 45.61
- Downstream 0.21 9.63 12.84 9.63
- Upstream 2.15 97.96 130.62 97.96
Total (Multiplied Value Addition) 2.36 107.59 143.46 107.59
Construction Value Addition to GD 0.024% 0.030% 0.021%
Multiplied Value Addition to GDP 0.056% 0.070% 0.049%
Value addition/kWh 0.03 0.04 0.03
Value addition/kWh (real) 0.03 0.03 0.02

Table26: Overall,indirectand multiplier contributionto GDP during constructionphaseof powerplant

During the construction phase of the project, the direct andirect contritution to GDP
increasedrom 0.066% in the first year to 0.070 of GDP in the second year aeducesto
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0.049% of GDP in the third yeafhevalue addition/kWh of the construction phase of the

project is estimated based on the total numb2r¥f {2 KQa LINPRdzOSR o6& (KS LXFyd 2@SNJI
operational lifetime.As a result, theN® kWh value addition for the project construction is

relatively low, at N$0.03 in years one and two of construction, and N$0.02 in year three

Following the construction phas# the project, the indirect and multipliempact on GDP
dropsinitially, as both grosgalue addition in the biomass and electricity sectors drops in the
early years of operation. Further to this, the benefits frimreased carrying capacity baosh
thinnedland and the harvesting of livestock therefrom takes some years to develop as the re
stocking of this land is expected to be a gradual process over four yHaeseafter, the
cumulative increases in harvested land, resultant increases in carrying capacity and increased
livestock production, see the total value addition increasing over the2fjlearlifespan of

the project (after which it would be assumed flat-line for so long as the land is kept clear

of excess bush). The contribution to GDP sees a similar trend, however the assumption that
encroachment resumes once again 20 years after land was first harvested results in GDP
growth expanding faster thathe marginal value addition, ultimately resulting in a slow
reduction in the ratio of value addition to GDP.

The overall gross value addition and percent contribution to GDP hinges on the harvesting
scenarios mentioned earlier in this report as well asghiee paid to harvester by NadPower
for onetonne of biomass.

As demonstrated in the following charts, the first scenario (96,8@thes of biomass
harvested by fullymechanizedperations and 5,60@nnes harvested by manual and semi
mechanizedoperations, respectively)shows greater addition to GDP than ddg&nario2
(48,000tonnes of biomass harvested by fulipechanizedoperations and 2800 tonnes
harvested by manual an2©,400 bysemimechanizedperations, respectively). In addition,
the greates gross value addition from a prigmint perspective can be seen at tihéghest
price point sampled N$750/t. The reason for this is that the multiplier effects from biomass
value addition are greater than those from the additional electricity valuetanidias the
latter is simply substitution for already available, but imported, electridityvertheless, the
overall impact is marginal between the price points.
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Scenario 1: Gross Value Added
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Figure 43: Scenariol i Grossvalueadded

Scenario 2: Gross Value Added
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Figure 44: Scenario2i Grossvalueadded
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Scenario 1; Gross Value Added as % of Total GDP
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Figure 45: Scenariol i Grossvalueaddedas % of Total GDP

Scenario 2: Gross Value Added as % of Total GDP
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Figure 46. Scenario2 i Grossvalueaddedas % of Total GDP

On a perkWh valueaddition basis, the morenechanisecharvesting scenario outperforms
the more manual approach, however the difference is margifilaé first sceario shovs an
overall macroeconomic benefit to the economy of N$4.97 billion in 2018 terms, equitable to
real vdue addition/kWh of N$1.33.The largest contributors to this value addition are
reductions in imported electricity aniomass harvesting
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Direct, Indirect and Induced Value Addition: Scenario 1
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Figure 47: Direct, IndirectandInducedValueAddition: Scenariol

Scenario 1 NPV ofBenefits (N$) 2018 Dollar] NPV / Total kWh
Construction 317.26 0.09
Electricity (Upstream) 450.60 0.12
Electricity Import Substitutior 3,238.85 0.87
Agriculture/Livestock 200.88 0.05
Biomass Harvesting 760.14 0.20
Total 4,967.72 1.33

Table27: Netpresentvalueof Direct, Indirectand InducedValueAddition: Scenariol

The second scenarishows an overall macroeconomic benefit to the economy of4lN$
billion in 2018 terms, equitable to real value addition/k\WiiN$1.28 The largest contributors
to this value addition are reductions in imported electricity and biomass harvesting.
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Direct, Indirect and Induced Value Addition: Scenario 2
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Figure 48: Direct, IndirectandInducedValueAddition: Scenario2

Scenario 2 NPV of Benefit§N$) 2018 Dollars NPV / Total kWh
Construction 317.26 0.09
Electricity (Upstream) 450.60 0.12
Electricity Import Substitutior, 3,238.85 0.87
Agriculture/Livestock 200.88 0.05
Biomass Harvesting 543.89 0.15
Total 4,751.46 1.28

Table28: Netpresentvalueof Direct, Indirect and InducedValueAddition: Scenario2



Direct, Indirect and Induced Employment
Direct

The direct employment generated by th@ower plantis covered in the microeconomic
section of this report.

Indirect

The indirect employment created through harvesting activities are covered in the
microeconomic section of this report.

Induced

In order to estimate inducedmployment as a result of sgream and downstream activities,

an outputweighted ratio of employees pef A f t A2y Dbl YAOALlF 52ttt NBRQ ¢2NIK 2F @ f dzS
was estimated using the 2016 national accounts and 2016 Namibia Labour Force Survey

(NLFS) The outputweighted ratio was then multiplid with the gross value addition

(discounted to 2016 levels) for the various sectors that was derived from the social accounting

matrix.
Value
Addition | Employees/
2016 Million N$
(N$ Value
NLFS 2016 Million) | Addition
Agriculture, forestry and fishing 135,832 10,130
Accommodation and food service activities 47,840 3,600
Construction 63,005 6,509 9.68
Real estate and other service activities 107,129 11,590 9.24
Human health and social wodctivities 19,058 4,729 4.03
Wholesale and retail trade 65,492 18,792 3.49
Transport and storage 22,175 7,202 3.08
Education 41,422 15,733 2.63
Manufacturing 44 419 17,711 2.51
Electricity and Water and related industries 9,530 3,858 2.47
Financial and insurance activities 15,525 9,085 1.71
Public administration and Defence; compuls(
social security 30,260| 18,065 1.68
Mining andquarrying 14,825 18,178_|

Table29: Direct, Indirectand InducedEmployment
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Direct, Indirect and Induced Employment
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Figure 49: Direct, Indirectand InducedEmployment

In total, the livestock sector creates a large number of direct and induced employment
opportunities over the lifespan of th@ower plant which jobs may well be sustained
thereafter should the increased carrying capacity of the land be maintained thiafteytcare
activities.

Similarly, harvesting activities create a number of induced job opportunities, however the
magnitude thereof depends heavily on the prit®ine paid by NamPower to harvesting
entities.
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Figure 50: Indirect Employment Harvestinginduced
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Contribution to Corporate and Personal Income irarominal and real terms
are presented below.

Corporate Income TaxHarvesters- Nominal
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Figure 51: CorporatelncomeTax Harvesters Nominal
Corporate Income Tax Harvesters- Real
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Figure 52: CorporatelncomeTax Harvesters Real

Generally the first harvesting scenario produces higher tax revenues relative to the second
scenarig as the mechanised harvesters are more profitadiethe N$450/t price level most
harvesters make little profitrad as a result pay little corporate income tahile at the higher
price points, higher profitability leads to higher corporate taxes.
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Corporate Income Tax Power Plant- Nominal
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Figure 53: CorporatelncomeTax- Powerplant- Nominal
Corporate Income Tax Power Plant- Real
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Figure 54: CorporatelncomeTax- Powerplanti Real

In the case of the power planthe higher the price paid for fuel, the lower the corporate
income tax paid by the power plant. At the higher price point, the pgvient runs into losses
from year®6, after whichit does not contribute to income tax at all. The net present value of
income taxes received in presented below.

NPV of Taxes NPV/kWh

Power Plant

N$50/t 222,368,463 0.06
N$600/t 94,788,808 0.03
N$750/t 11,279,279 0.00
Scenario 1

N#50/t 8,617,980 0.00
N$600/t 116,092,140 0.03
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N$750/t 243,593,913 0.07
Scenario 2

N$450/t 5,969,002 0.00
N$600/t 96,631,948 0.03
N$750/t 219,055,455 0.06

Table30: NetPresentvalueof corporateincometaxes
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Figure 55: PAYEcontributions- Nominal
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Figure 56: PAYEcontributions- Real

In terms of personal income tax (in the foohpayasyou-earn) the two harvesting scenarios
provide similar benefitsThis is due to the fact thahostof the unskilled labouers fall below

the tax threshold and do not pay personal income tax. On a per kWh basis, the effect is less
than 1Namibian cent per annupin real terms.
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SSC Contibutions Nominal
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Figure 57: Socialsecuritycontributions- Nominal

SSC Contributions Real
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Figure 58: Socialsecuritycontributions- Real

Contributions to social security will be minimal but wardely between the two scenarios.
Based onScenario 1,the harvesters will contribute N$71,000 to th®dcial Security
Gommission in the first year. The net present value of these contributions arstuht$1.67
million over the period The second harvesty scenario, which employs farore people will
contribute around N$256,651 to th€ocial Security Commissionin year 1 which equates to
a net present value of N$6.05 million. Thewer plantwill contribute roughly N$36,000 in
social securityn the first year,or N$1.30 million in net present value terms.
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Inflation/ Deflation

Based on2017 annual energy sales by NamPower of 4157Gihis power plant will
represent less than 4% of totahergysales According to discussions wiktemPowerwith
the current execution philosophie erection of thigpower plantwill have little to no impact
on theoverall tariff charged to consumers.

Furthermore, electricity gas and other fuels make up 3.86% of the infléésket andis
generally not alirect input into manufacturing for locally consumed products. Assult,we
expect the inflationary impact to be negligible.
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Balance of Payments

The effect of thgpower plantand harvestingn the balance of paymestare the net effect
of:

Inflows offinancial capital

Outflows of repayment on delznd interest

Outflows from capital expenditure for thgower plant

Import substitution effect of electricity

Outflows from capital expenditure for harvesting equiprheiools and spare parts
andsubsequenteplacements

Increasedlieselimportsfor harvesting equipment

1 Increased exports of live cattle
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Figure 59: Balanceof payment®ffects’ Scenariol
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BoP Effects SC2
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Figure 60: Balanceof payment®ffects- Scenario2
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Figure 61: Balanceof payment®ffects- perkWh

The initial impact of construction would be a relatively large outflow to import the egai
for the 20MW plant.However, this would be offset by financimiptained from foreign
sources, such agevelopment finance institutionlike KfW). These inflows will be followed
by the outflows in the form of payments of interest and principle ovéBgearperiod.
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The largest contributoto the positive balance of paymesneffectis the importsubstitution

STTFSOU 2F St SOGNROAGRERD bl YAOAl GASAHagseB onyal Ay A YLIR2 NI LJ NIy SN&
tariff on impated electricity, provided by NamPowegnd assuming 137.3 million kwh of

electricity produced locallyN$134.0 million less M leave the countrypn an annual basis

Harvesting, especially fully mechanised harvesting, is extremely capital intensive. That being
said, even the manual harvesting tools such as paagasxes are imported from South
Africa.Additionally, the macimery, specifically the chippers, also require a large amount of
(imported) diesel to operate. We estimate that harvestiSgenario 1 will require 1.tillion

litres of diesel per annum, while the second harvesting scenario will require aroun@@00
litres.

Cattle exports also make a moderate contribution to -e&port gains for Namibia, with

exports starting from year four. In 2018 value terms, total cattle exports due to the increased

carrying capacity of land as a result of biikimning will total N$%0.50 million over the

project lifetime, or some N$0.12/kWh. These sales are a key part of the revenue generated

by farmers from cattle sales but are not peftoperationalcosts, meaning they are not

comparable to gross value addition. Nevertheless, theg Y i NA 6 dzi S G2 (GKS O2dzy i NBEQa KI NR
currency earnings more than to national GDP.

In total, the net effect on the balance of payments will beBN® billion under Scenario 1,

and N$3.17 billion under Scenario 2, in 2018 values. This is to say that ine20E3 the

project will have anetJ2 aA G A FS AYLI OG0 2y bl YAOAlIQa FT2NBAIYy SEOKIy3aS N
N$3.12 and N$3.17 billion. This equates to a value/kWh of N$0.84 under Scenario 1, and

N$0.85 under Scenario 2.

&
Q)¢

NPV of BORP2018| NPV/KkWh

N$ values)
BCP SC1 Real 3,121,125,288 0.838
BOP SC2 Real 3,168,798,69€ 0.851

Table31: NetPresentvalueof the balanceof paymentsmpact

Security oklectricitysupply

The security of supply benefits of the projest twofold. Firstly, thepower plantfallsin a
portfolio of renewable energy sourcegt by our National Itgrated Resource Plan (NIRP).
Seeing as wind and solar sources are often intermitténis power plantrepresents an
important source ofdispatchablebaseload supplyHaving a baseload producer @#-hour
notice addslesperately neededlexibility to the current renewable offerings.

Adding the fact that thduel supplyis in abundance in the surrounding area also means that
the fuel supply is securdt is imperative that the inventory of fuel is sufficient to minimise
the possibility of downtime due to insufficient fuel stock. This will likely recthieeplantto
store 20,00Gonnes (or two monthg) of fuel at the minimum.
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However, as thgower plantis relatively small, it is assumed that the contribution to local
security of supply is limited.

Conclusion

The underlying assumptions of this report are based on figures and information provided by
NamPower, NBiG, as well as the referenced materitcording to these, an annual feedstock
requirement of 106,500t of biomass is required for the power plant. At an average yield of
12.65t/ha, we calculate harvester will bush thin approximately 8,419 hectares of land a year.
As per the terms of referencdhree different harvesting methods (being manual, semi
mechanised and fully mechanised) and three different price points (N$450/t, N$600/t and
N$750/t) were analysed. In consultation with NamPoweBiS and GIZ, it was decided to
conduct the study lookingt two harvesting scenarios: one focused primasitymechanised
harvesting(90% fully mechanised, with the remaining 10% split evenly between manual and
semimechanised)while the second was predominantly manual and serachanised55%

split between tlese two, with the remaining 45% fully mechanised)

Despite other users of encroacher bush within the proposed harvesting tu&® does not
exist sufficientcompetition for the resourcdo the extent thatavailable supplyfor the

proposed poweiplant may be threatened. In this regard available supiglyar greater than
total demand across all users.

The overall microeconomic effect is as a result of the employment creation, salaries and
wages, agricultural benefits from livestock production, improvedugdwater recharge,
reduced C@emissions and the value addition derived from biomass harvesting. At a price of
N$600/t, the first harvesting scenario generates an aggregate gross value addition benefit of
N$0.40kWh (discounted at 6% per annum), whileder the second scenario this comes to
N$041/kWh (discounted at 6% per annum).
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Total NPV of Microeconomic Benefits
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Figure 62: NPV of microeconomibenefits

On the macroeconomic impact, it was noted that while the majority of the employment is
generated at the mim level, the contribution to GDP by both personal and corporate income
tax is heavily dependent on the price point and harvesting method. As the mechanised
harvesters are slightly more profitable, the first scenario contributes more to income tax (at
N$6M@/t, this isN$92 million as opposed to N$ million, in netpresentvalue terms over 25
years). The large import factor of the power plant construction sees an initial negative impact
on GDP. However, the operational phase of the power plant has a sptalielongerlived
contribution to GDP over its 2gear lifespan, betweer).004% and 0.019% (dependent on
the biomass price). The impact on inflation is expected to be negligible, as the 20MW power
plant produces less than 4% of hourly power requiremeais] electricity (and other fuels)
make up less than 4% of the inflation basket. The balance of payment sees net positive
effects, largely due to the imposubstitution of electricity N\$134 million and some
contribution from cattle and beef exports.

From a price/lkWh perspective, the first scenario results in a NPV per kWh ca331d the
second scenario results in a NPV/kWh of @8Wwhen all value addition multipliers have been
incorporated.

From a balance of payments perspective, the NPV of tlogepts over the power plant
lifetime is between N$0.84kWh and N$0.85/kWh, depending on the harvesting
method/scenario used
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From a tax perspective, the NPV per kWh depends on the harvesting scenario artdpniee/
of biomass. At N$60@nne for biomass, the NPV of the first scenario including both the
power plant and harvesting is N$0.07/kwWh, while the second scenario is N$0.06/kwh.

NPV of Macroeconomic Benefits
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Figure 63: NPV of macroeconomibenefits

The key considerations for this projecteaaround the harvesting methods utilised and the
price paid for biomass. While mechanised harvesters are marginally more profitable, the
manual and semmnechanised methods employ more people (albeit at lower wages).
Ultimately, the decision will come down harvesters themselves, who are likely to favour
the slightly higher returns under mechanised harvesting. The price point for biomass is the
other key factor, as a higher price is beneficial to harvesters, but producers a lower return for
the biomass powr plant. So, while a price of N$750/t is preferable for the harvesters, this
jeopardises the feasibility of the power plant. On the other hand, the N$450/t price point,
while preferable for the power plant, is too low for harvesters to generate profi. N$600/t

price point is the most feasible of the assessed price points for both the power plant and
harvesters, and so, many calculations adopt this price point. For the project going forward, it
is suggested that a price point in the region or above Ng60ut below N$750/t, is offered.

The two harvesting scenarios differ widely in their composition. In terms of the overall impact,
Scenario 2 employs significantly more persons, espeéaliynskilled jobseekers. While this
does provide a wide sociaébefit, through employment creation and the income generated
by these persons, the majority of workers will fall below the lowest income tax threshold.
Scenario 1, on the other hand, is more mechanised and thus employs far fewer people
although at highewages However, the fully mechanised harvesting methods tend to be
more profitable, and so realistically are more likely to be pursued by independent harvesters.
The more manual methods require more administration and supervision of workers, with
fairly intensivework possibly leading to high staff turnov@ver and above this, farmers are
likely to be wary of large numbers of workers on their land and this may pose problems for
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harvesting.Thus, while Scenario 2 may look more appealing in terms of its widepgmpht
impact, it may pose some problems pragmatically. Independent operators are likely to prefer
the fully mechanised method as it is more profitable and poses less difficulties and
uncertainties in terms of human resources, despite its higher capisascdhe biomass power
plant project provides far reaching economic benefits, from biomass harvesters, to farmers,
to indirect and induced employment. Making use of an abundant resource such as encroacher
bush creates more employment than other sourcesafewable erergy. This project also
serves as an alternative offtaker for the use of encroacher bush, and its successful
implementation will likely lead to other similar projects, which could reap greater benefits
through efficiency gains.
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Annexure:Nampower Electricity Tariff Breakdown

NanmPower has provided an explicit tariff forecast which is split into an energy charge and a
capacity charge. The energy charge is said to cover variable expenses which are made up
predominantly ¢ the biomass fuel source as well as some miscellaneous consumables.
Consumables are assumed to amount to USDO0.005 per kWh. The capacity charge is to cover
all fixed expenses which includeslary, administration, insurance, technical operation, spare
parts and average cost for major maintenands.per our assumptions all costs are escalated

at the general level of inflation, which we assumed to be 6.0%.

Variable Costs vs Energy Charge/ kWh

1234567 8 910111213141516171819202122232425

N$450 N$600 N$750 == «= Energy Charge

The energy charge is in line with N$750 price point of biomass fuel and is only slightly below
the total variable cost. The energy charge should be more than sufficient to cover variable
costs at the N$600/tonne price point.

Fixed Costs Break Down
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Depreciation ®All-In Interest
The fixed costs consist of an all in fixed cost charge, interest on financing and depreciation.
All-in fixed operating costs were assumed to be 4.5% of the total EPC costs, escalating by
inflation. Depreciation is calculated on the straidine method, wih no residual value.
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Interest costs is based on a loan, which has a tlyes payment holiday during construction

and a subsequent 15 tear repayment period. The loan is assumed to carry interest at a fixed
rate of 9.0% per annum payable monthly. As pay regular amortising loan, the interest
expense declines over time.

Fixed Costs vs Capacity Charge/ kWh

0,70

0,50
1234567 8 910111213141516171819202122232425

Fixed Cost / kWh (excl int)
Fixed Cost / kWh (incl int)

Capacity Charge

Seeing as the ailh fixed operating costs, escalate by 6.0%, while the capacity charge
decreases by 0.5% on a compounded annual basis, the nominal profit after tax declines from
year16 onwards.
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