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ABSTRACT

Major geothermal prospects occur in fragile ecaayst constituting a rich tapestry of all forms & land the
ecosystems that they are part. Ensuring intra arigenerational equity in geothermal developmemtitical
for conservation of biological diversity. Relatite the variety of habitats, biotic communities awblogical
processes in the biosphere, biodiversity is an mapb pre-requisite for all forms of life to exas it provides
valuable ecosystem services. Nevertheless, theist srveral threats to biodiversity and biodiversit
conservation including loss of habitat, overexldn, pollution, and climate change. To mitigdtist several
environmental concerns including binding, non bigdand local agreements involved in achieving iediity
conservation are reviewed in this paper with casenples from the Olkaria geothermal power projsittiated
within the Hells Gate National Park in Kenya.
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INTRODUCTION

One of the key components crucial in economic aodiat development is energy. The current energy
exploration and use has resulted in environmeftahges with significant local and regional effeetgoncern
that caught the attention of many countries inEaeth Summit. Today, more than 1.6 billion peopteldwide
have no access to electricity and approximatelgethillion people depend on traditional biomasseshair
energy supply for cooking and heating (Advisory Gr@n Energy and Climate Change Report, 2010),éhanc
challenge. Biodiversity loss and global warminge#is continue to place an increasing demand for
environmental compliance hence the need for enmientally sound energy systent® attain global

prosperity Presently, the shift is toward clean renewableggnsources among which geothermal power is
the most attractive because of its relatively bengture (De Jesus, 1997). Enhancing the sustétpatbi
geothermal development will therefore ensure vialergy for the future whilst maintaining the iniggof the
natural environment.

The Kenyan rift, forming part of the eastern armtlod African rift, harbors the great wealth of desnal

resources in fragile and critical habitats. A umicauccess is the continued existence of the Olkgaghermal
power project amidst a complex self sustaining bysjcal functional unit; the Hells Gate NationalrlPan

Naivasha. The challenge facing the Kenyan governriseto continue developing the geothermal resofoce
power generation whilst maintaining and sustairtimg delicate biodiversity, however several envirental

management measures have been implemented witinwous$ follow-up to enhance conservation

Biodiversity Conservation: benefits and losses
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Figure 1: Sustainable development triangle
(Modified fromMunasinghe 1994
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degradation of natural systems and loss of compeneh biodiversity. The major cause has been human
mismanagement of biological resources often stitedléy mis-guided policies and faulty instituticesulting

in habitat destruction, overexploitation, invasived@es, pollution, climate change, human over popataiand
overharvesting.

Optimal utilisation and development of natural eses ensures both intra and inter-generationatyehjance
environmental sustainability (figure 1) and biodsity conservation. The Brundtland Commission, 1987
defines sustainable development as development thaets the needs of the present generation without
compromising the ability of the future generatiotts meet their needs” (UNCED, 1992a). Sustainable
development therefore is living within the Earthapacity at a given time and has been observeatiatomic
policies that do not consider environmental consdaad to deteriorated environments. On the otlaeidh
environmental policies that ignore economic readitlimit opportunities to raise resources for emwnental
rehabilitation and enhancement (International Chamalb Commerce, 1992).

In this light, sustainable development is not aahoall. It is a necessity for human and naturavisal. A safe,
environmentally sound, and economically viable gpepathway that will sustain human progress inte th
distant future is clearly imperative. It will regeinew dimensions of political will and institut&incooperation
to achieve it.

BINDING AND NON BINDING AGREEMENTS

Binding, non-binding international and local sigeéit guiding principles need to be integratedng &ind of
development to foster sustainability. It is criticed understand and observe strict adherence tal vit
environmental legislation in the course of geoth@rdevelopment in relation to exploration, drillingower
plant construction, operations and decommissioriligese legislations often specify standards witlictvithe
project must comply and sometimes may delay impfeat®n due to lengthy licensing processes or publi
consultation requirements. Implementing agenciesilshguard against any environmental liabilitiestlasy
may have adverse financial implication on the tptaject cost. In this context, key regulationst theed to be
understood and observed include:

» Environmental Impact Assessment regulationgNational legislation and guidelines, WB Operationa
policy (OP) 4.01 OP/BP/GP 4.02 Environmental Action PlarQP 4.07).

* National and donor emission standards for air, nois and water quality requirements (WB
guidelines on air and Noise emissions, WHO watalityjurequirement, National and local bylaws
requirement, Water Resources Management; OP 4d@®edtions on climate change)

* Local and international legislation in relation to biodiversity conservation incase the project is
located in the critical habitatfWB OP/BP/GP 4.04,Natural Habitats, Convention on Biological
Diversity).

» National and international policy on resettlement/elocation and compensation of people if
necessaryWB OP/BP 4.12 Involuntary Resettlement, National Resettlemenidyl

» Identification of key stakeholders and public consliation and disclosure methods within the
national environmental legal framewor®D 4.20, Indigenous Peoplesand OPN 11.03,Cultural
Property, National disclosure methpds

» Occupational health and safety rules related to geleermal development.

* Local council bylaws.

In Kenya, the Olkaria | (45Mwe) and Il (7OMwe) geetmal power projects’ development took place teethe
enactment of the Environmental Management and Quatidn Act (EMCA), 1999. They were however
implemented and have been operating in line with ldgal requirements of the World Bank, World Healt
Organization (WHO), EMCA, 1999 and other existiegislations. Full EIA’s were undertaken and appiaipr
environmental management plans put in place. Tig &xperience in application of the national law o
geothermal projects in Kenya was the Olkaria I1BjEct and Olkaria 1l Unit 3 (35Mwe) (Ogola, 2005).

Convention on Biological Diversity, 1992

The Convention on Biological Diversity is a bindiagreement that was inspired by the world commimity
growing commitment to sustainable development. &lghy 150 government leaders at the 1992 Rio Earth
Summit, the Convention on Biological Diversity (CB3 dedicated to promoting sustainable development
(Article 1). It provides a comprehensive documenderlining the principles (Article 2) of biodivetgi
conservation and sustainable use at the globak seéth the objective to ensure sustainable use and
conservation of biological resources, as well asdestribution of benefits related to biodiversigmd genetic
resources yww.cbd.int/convention, 2010). The Convention also highlights the relaluips between

conservation, sustainable use of natural resoaegsustainable human development. In ratifying3B®, the
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Parties to the Convention undertake a commitmentntplement the Convention at a national level in
contribution to achievement of its goals and olijest at a global level. Kenya ratified the Conventin the
year 2000 littp://www.cbd.int/information/parties.shtml , 2010).

CBD and renewable energy

CBD has put a major emphasis on the need to facstainability into development choices to mitigatenate
change, a significant threat to biodiversity comagon. According to the Inter-governmental Panel@imate
Change (IPCC), an average temperature rise of tharel.5 to 2.5°C would put 20% to 30% speciessataf
extinction. Renewable energy development is theeefencouraged due to its minimal effects on climate
change, however CBD stipulates continuous mitigattmd monitoring to minimise any likely effects on
biodiversity (Secretariat for CBD, 2009).

Aim for conservation and no net loss of biodiversit

The biodiversity-related Conventions are basedhenpremise that further loss of biodiversity is coeptable.
Biodiversity must be conserved to ensure it susjiventinuing to provide services, values and benédr
current and future generations. The Internatiorsdogiation for Impact Assessment (IAlA), 2005 reomends
the following approach to help achiewe net los®f biodiversity:

» Avoid irreversible losses of biodiversity.

» Seek alternative solutions that minimize biodivigrkisses.

» Use mitigation to restore biodiversity resources.

* Compensate for unavoidable loss by providing stuiss of at least similar biodiversity value.
e Seek opportunities for enhancement.

BIODIVERSITY CONSERVATION IN GEOTHERMAL DEVELOPMENT

The current environmental measures for geothermegé@is minimize habitat destruction and thereftine,loss

of biological diversity. The measures include: i @&nvironmental impact assessment prior to project
implementation that already integrates biodiversignsiderations; ii) avoidance of rare, endangeoed
threatened species in earthworks; iii) minimizatmhopenings; iv) directional drilling that allowsmpact
work areas which are standard practices in geotiledmvelopment and minimize impacts on habitats (De
Jesus, 2007). The recent procedure of redirectingsstons during well testing to avoid brine sprayd a
defoliation proved helpful for projects in foresthtions and is highly recommended (Tuyor, e2405).

Chapter 9 of the Rio Declaration of 1992 declafeat geothermal is an environmentally advantageoasgy
option basically due to its benign emissions. lagginst this background that geothermal can bsidered a
green energy resource as it addresses the follokepg@nvironmental concerns

Climate change

Losses in biodiversity are highly attributed tonwite change, a global catastrophe resulting frootad!
warming due to green house gas emissions. Todagatel change is a universal concern closely linteed
energy utilization and sustainable development. §da of the UN Framework on Climate Change Corieant
(UNFCC) of 1992 is the “stabilization of Greenhou@as (GHG) concentrations in the atmosphere avel le
that would prevent dangerous anthropogenic intenfee with the climate system... within a time frame
sufficient to allow ecosystems to adapt naturallflUN, 1992). Carbon dioxide (Cfpemissions represent the
main GHG known to cause global warming. In 2005oading to the G8 Conference (2005) about 200
scientists from thirty (30) countries discussed ldtest research on climate change. They confirthedink
between the concentration of GHGs in the atmospaedethe increase in global temperature levelsh@nge

of 2°C (3.6°F) was defined as the threshold to étbe serious effects of global warming. This ttates to a
ceiling of 550 parts per million COequivalent by volume in the atmosphere (De Je3087). Among the
known geothermal emissions, only carbon dioxide argthane are known to be GHGs. Their levels are
however much lower from geothermal production comgdo those of fossil fuels.

Kyoto Protocol, 1997 and Clean Development Mechmar{iSDM)

The increase in deployment of geothermal energly hwiVe a large net positive effect on the environime
comparison with the development of fossil fuelsisTis in harmony with the Kyoto resolutions on gibb
climate change. The convention requires developemtdes and those in transition economies to redheir
GHG emissions by 5% of their 1990 level (UN, 199He agreement allows the joint cooperation of tgped
countries to abate GHGs and for industries to trém#r emissions based on their permit ceiling. iBgr
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production, geothermal power plants emit insigaificamounts of C£ SO, and absolutely no nitrogen oxides
in comparison to thermal plants. These small gtiagtirom geothermal plants are not emitted dupoger
production as a result of combustion but are nhtoastituents of a geothermal reservoir. The gasestually
vent into the atmosphere under natural conditidth®agh at much lower rates (Goff, 2000). The ratof the
geothermal reservoir and technology employed deéteriine amount of Non Condensable Gases that may be
released into the atmosphere. For instance, bipknyts emit virtually no gases because it is aedowop
system using heat exchange method. Dry steam asteftl steam plants emit water vapor containingethes
gases. However, the process of re-injecting théhgemal fluids back into the reservoir diminishies possible
release of gases into the atmosphere. In low teatymrer utilization, C@found in geothermal fluids could prove
beneficial in direct use greenhouse applicationsa agowth stimulant. Studies indicate that incrda§®,
concentration from the normal level of 300ppm tpragimately 1000ppm can raise crop yields by uf3éo
(Dunstall and Graeber, 2004). The Oserian FlowemRa Kenya operating a geothermal plant with astahed
capacity of 4Mwe and 16 Mwt successfully injects,@®the greenhouses to increase the rate of phattossis
and production.

CDM, a concept that allows developed countries toebftheir GHG emissions by investing in emission
reduction projects in developing countries enalglesssion reduction targets to be achieved costtiffdy
while developing countries receive sustainable gveent and technology transfer benefits. The Gdkéi
Phase Il 36MWe (Orpower 4) geothermal project imy&eis a recipient of @DM facility for the period 2009-
2015 with an average emission reduction of 171i@68Bes of CQ With the expected capacity expansion plan
for geothermal energy in Kenya, most of the earm@udeothermal projects are expected t&€Bé or comply
with the requirements of the next protocol (Og@ala]0).

Critical Habitats

Most geothermal resources in the world are locatedmote scenic, wild and protected areas herdtwmbenge
to developers. Current international opinion howendicates that authorities now recognize thateffgyment
may be considered in protected areas. The IntemeltiUnion for the Conservation of Nature (IUCN)
prescribes the exclusion or the declaration of igbeones for areas that are needed to maintaiicesr to
human settlements (IUCN, 1986).

Geothermal development and wildlife conservation

Kenya’s geothermal resource is located within tife VRalley. Some of the fields with geothermal ppests are
in densely populated areas, while others are wittdtional parks. The Olkaria power plants (areangpk
located in Hells gate National Park (68jnare a typical example of power development antilife
conservation compatibility. This area was gazetted park in 1984 after construction of Olkariawpr plant.
This has been perceived as the best decision matleltonservationist at that time in view of thetfthat the
area was going to be opened up following the canstn of a power plant. The land is characterisficugged
terrain, volcanic hills, valleys, gorges, bouldarsl highly altered weathered rocks. Vegetationamiy shrubs
and short trees dominated by several specieAcafcia and Euphorbia There are also a wide variety of
succulents in the area and some unique plants eapélwithstanding high temperatures. Some of thens
animals includdMaasai giraffgGiraffa reticulata) warthogs Phacochoerus aethiopicysebras Equus
burchellis) Coke’s hartebeeglcephalus buselaphushompson's Gazelle thomsor)iiand grants

gazelles Gazelle grantii)and buffaloes $yncerus cafer)Others include water buck, baboons, monkeys,
African jackal; hippopotamuses, and leopards wiblbud 103 bird species including vultures, tawnylesg
verreaux's eagles, augur buzzards, secretary dmdiswifts. The land is mainly used for geotherawivities,
wildlife conservation and ranches. Lake Naivashafreshwater lake that gained international Ramsar
recognition in 1989, and Mt. Longonot are majormcesites within close proximity attracting bottcéd and
international tourism, education and research.

As part of the Environmental Impact Assessment menendations, Kenya Wildlife Service (KWS) and
KenGen have since then developed a Memorandum defdtanding (MoU) to govern geothermal power
operations within the park. Orpower 4 (IndependBotver Producer) also has a MoU with KWS. The
Geothermal Development Company (GDC) Limited of ¥@emwhich kicked off its geothermal development
activities late 2009 is also seeking to establidhod) with KWS and KenGen to facilitate conservatifforts
against development in bid to develop the undertvédMwe geothermal power plant at the Olkaria IMdfie
KWS and other conservationists major concerns dugebthermal development in the park include; efitu
disposal, emissions, animal accidents (traffichitad loss, blockage of seasonal animal migratiorridors,
noise and odour. To minimize such impacts, sew&talies which included establishment of animal atigny
routes, breeding grounds, tourist circuits, pradciplants and wildlife species were carried out and
implemented. Operations have maintained conservafithe unique scenic features and wildlife spe@ighin
the park. Steam pipelines on major animal routedaoped to provide easy movements for the wildliieh as
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giraffes within the park. High voltage lines antéscers are a potential danger to birds and as theghwere
constructed to avoid right angle crossing of kndaind flying routes. To avoid animal accidents ie thark, a
speed limit of 40km/h is observed while game pifeating is done to keep the animal away from bpiaels.

In managing the park KWS personnel monitor thegpast of animal movement and carry out quarterlynaihi
census in addition to their regular research. Emvirental Audits are also conducted by KWS withi@ plark
and follow-up reports with mitigation measures ilmplemented are sent to the KenGen environmédicesf
for action. The geothermal power plants have tloeechot altered significantly the ecology of thersunding
National Park.

Generally, an average geothermal power plant is
estimated to use between one to eight (1-8) adrkzsd

per megawatt, compared to 5-10, and 19 acres per
megawatt for nuclear and coal power plants respalgti

On the other hand, large hydropower requires ovér 2
acres of land per megawatt for an adequate sizevas

(De Jesus, 2007). However, the effect of geothermal
resource development on land depends on a number of
interacting factors, namely characteristics of resie,

type of extracted fluid, type of application, siatthe
plant and terrain. In addition, ancillary suppoetiv
infrastructure for geothermal resource exploitatiarch

as access roads and power transmission lines impose
additional impact on the terrestrial environment.

Figure 2: Olkaria Il 105 MWe Plant, Naivasha
Kenya

The declaration of geothermal projects as ecotouris
sites in Bacon-Manito, Albay-Sorsogon in the Plpines because of its heart of the geothermal {iB&lJesus,
2007) is proof that the utilization of geothermakegy does not contribute to the earth’s deterimnatOther
sites include the Hoshino, a resort in Japan uggaihermal heating, the Great Geysir, the Suristelia cave,
the Deildartunguhver hot spring of Iceland and Redoof New Zealand, to name a few.

Toxic Wastes

The concern for toxic wastes and transboundary mews led to the signing of the Basel Conventic@8@).
Under this treaty everyone is encouraged to marihgewastes as close as possible to the sources of it
generation. Geothermal operation can be compliathit this international prescription as geothernfélents

in liquid dominated fields may be reinjected bacikoiits reservoir, ensuring in situ waste managemen
Reinjection has been adopted for brine disposahane than 44 fields (Stefansson, 1997). It is adsed
practice that Kenya has started adopting to presemtamination of the environment. The mineral @otion of
silica, zinc, lithium, manganese, caesium, rubidiamd rare metals has been studied in Salton Sea and
Mammoth Springs in California, U.S.A. with some uks (Bloomquist, 2006). Sorption membranes using
resins to remove boron have been reported (Yilmad.£2005). Hypersaline brines and supersatursteam
may contain high levels of chemicals that can gateesolid wastes. These wastes may be reduceduloleso
forms for reinjection. Thiobacilli is used as a t@imediation method to dissolve, separate or imrimebil
hazardous geothermal sludge (De Jesus, 2007). @=suntilizing geothermal energy also adopt beatfices

in the management of its solid wastes and no imgizountry has been reported to export wastesthero
countries.

Displacement of people

Infrastructure projects have yielded global concaout dislocation of people and the related samats. To
address the socio-economic and physical dislocati@ases when these are inevitable, appropriauntary
resettlement packages must be negotiated with fieeted households, to include replacement of aires,
amenities and livelihoods. De Jesus, 2007 avetstlieaobjectives of resettlement are to: i) reledabuses to
areas where residents are not exposed to phydiealth, and security hazards; ii) ensure that tdtec
households are fully and justly compensated for emmp and property damages; and iii) help the met
households regain and improve their standard afdiwn the settlement sites. In negotiating with #ifected
population, the community is assisted in gatherfagts and perceptions, understanding their sitnatio
developing common solutions and agreeing on a mufdeollaboration with the geothermal developer.
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Geothermal Projects in Kenya, have adopted the gmantice with the involvement of government sunmyto
assist in giving a baseline resource value uporthvhiegotiations are open and conducted with thglatied
persons.

Indigenous People (IP)

The people’s way of life and origin is vital in géfg their identity and thus needs special attantiased on
international consensus. The UN Declaration onRights of Indigenous Peoples (IPs) affirms that #Ps
equal to all other people and that the UN is coteththat the IPs have suffered historic injustidesugh
dispossession of their lands (UN, 2007). Thus,Uhkerecognizes the urgent need to respect and peothet
inherent rights of the IPs to their lands, terigerand resources and their need to have contral the
developments affecting them. Issues such as erfureatt of geothermal projects into the ancestratidaof
indigenous communities, desecration of their sasitxs and the destruction of IP traditional wajfife are
due to the growing awareness of the IPs as digteaples who have the right to self-determinatidre current
practices in geothermal development and utilizatame compliant with these prescriptions of the UN
declaration. In Kenya, social benefits have beerivele from geothermal development along with cultur
conservation. The Olkaria geothermal project liethiw the vicinity of the Maasai community who fortine
indigenous community of the area living at the pleery of the project on private land. Their cultuaapects
have to a lesser extent been affected by geotheopeiations due to their minimal interactions witte
proponents. However, through corporate social nesipdity implemented by the geothermal develosergeral
benefits are accrued to the locals including pipeer services, employment, education, transpaitiab
afforestation and health facilities. The geotherprabonents foster a bottom — top approach wherg ¢hgage
the communities’ voice in any kind of planning tosare social acceptability of their projects, caousmntly
encouraging participatory rural appraisal and caltacknowledgement and respect.

CONCLUSION

Geothermal energy is an environmentally advantageenergy option basically due to its minimal
environmental impacts. Understanding the nexus detw biodiversity conservation and geothermal
development presents a unique case of compatibiigyeby promoting environmental sustainabilityisTis
viable with appropriate integrated environmentavamécy including monitoring, mitigation measuresd an
legislation with local and international supportithVthe global call for protection and conservatioihthe
environment, investments in geothermal projectstrbasgiven support as they are the next best altemto
green the economy thus fostering biodiversity coraten.
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