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Abstract

Geothermal emission contains polluting trace elements that have been reported to damage
vegetation in the vicinity of geothermal power plants. In this study a new method, NEEDS
(New Energy Externalities Development for Sustainability), is used to assess potential
changes in land quality in relation to geothermal power plants. The method is further
evaluated for local conditions in Iceland with Hengill geothermal area as a case study. The
NEEDS methodology predicts land quality changes by using species richness indices
correlated with CORINE! data. The objective of this study is to assess changes in land
quality within the study site between 2000 and 2006 and also to evaluate the applicability
of the method for local conditions in Iceland. PDF (Potentially Disappeared Fraction)
value is calculated to obtain relative species richness and to evaluate changes in land
quality. The results indicate the relative total decline of the species richness to be 11% with
the time span from 2000-2006 within the approximately 510 hectares area of the study site.
Comparison of the study area and the reference areas show that the probability of such a
large change is close to zero. Hence, the results of the NEEDS calculations indicate that
the construction of the Hellisheidi power plant has had a substantial impact on the relative

species richness of the area and thereby decreased the area’s land quality.
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Utdrattur

Synt hefur verid fram & ad snefilefni sem finnast i Utblaestri jardvarmavirkjanna geta valdid
skemmdum & grodri i nagrenni virkjana. 1 pessu verkefni er nyrri adferd, NEEDS (New
Energy Externalities Development for Sustainability) beitt til ad meta moégulegar
breytingar a landgeedum vegna orkuvinnslu jardvarma. Jafnframt er lagt mat & adferdina
fyrir islenskar adsteedur med pvi ad skoda jardhitasveedid Hengil. NEEDS adferdafraedin er
byggd & adferd sem spair fyrir um breytingar & gedum lands med pvi ad tengja
landfraedileg gogn CORINE? saman vid gogn um tegundaaudgi. Markmid bessarar
rannsdknar er annars vegar ad meta breytingar & landgeedum Hengilsvadisins & timabilinu
2000 og 2006, og hins vegar ad meta notkunargildi NEEDS adferdarinnar fyrir
stadbundnar adsteedur hér a landi. PDF gildi (Potentially Disappeared Fraction) er reiknad
til ad fa hlutfallslega tegundaaudgi og til ad skoda breytingar & landgedum. Nidurstodur
rannséknarinnar benda til hnignunar & tegundaaudgi milli &ranna 2000 og 2006 upp & 11%
4 um 510 hektérum a rannsoknarsvaedinu. Samanburdur rannsdknarsvaedisins 0g
vidmidunarsveeda sem studst er vid synir ad likur a svo mikilli breytingu & nattarulegan
hatt eru neer engar. Nidurstodur Utreikninga NEEDS benda pannig til ad bygging
Hellisheidarvirkjunar hafi haft talsverd ahrif & hlutfallslega tegundaaudgi & sveedinu og

pannig til minnkunar & landgeedum sveedisins.
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Preface

This thesis is the final fulfililment (30 ECTS) of the requirements for M.Sc. degree in
Environmental Science and Natural Resources. The thesis is a part of a larger project
called Externalities which attempts evaluating external costs deriving from geothermal

power plants.

The duration of the Externalities project was 2 years and was funded by The Icelandic
Center for Research (RANNIS). Project manager of the Externalities project was Fanney
Frisbaek (Innovation Center Iceland) and Maria Hildur Maack (lcelandic New Energy) was

instrumental.

This study was designed only to provide information on land quality changes in context
with geothermal power plants. The Externalities project might have limited the study in

some aspects to that particular scope.
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1 Introduction

1.1 Geothermal energy and external effects

Energy issues have been a matter of debate over the last decades. Qil crisis and elevated
prices seem to have provided impetus towards a future which is less dependent on finite
resources. In later years environmental issues, such as global warming, have also started to
play a role in the energy debate. Subsequently many countries have started to look towards

alternative energy options.

In Iceland over 70% of primary energy consumed is produced from renewable energy,
mostly hydro- and geothermal sources. The amount of total use and the proportional share
of renewable energy in the national mix have been growing considerably since 1945
(National Energy Authority, 2009). Raised oil and coal prices in the 20th century
influenced the government to introduce incentives to facilitate a switch from these non-
renewable energy sources to geothermal for heating purposes. Additionally, during last
decades increased energy demand from energy intensive industry (ferrosilicon plant and
several aluminum smelters), has led to rapid increase of hydro- and geothermal
exploitation (e.g. Ragnarsson, 2006). Hence, worldwide exploitation of geothermal
resources has multiplied the last decades. Icelanders have however been using geothermal
heat through the centuries. For Icelanders this resource was especially important due to the
cold weather conditions. Hot springs were used e.g. for bathing, cooking and washing.
Additionally, various elements and compounds, mostly sulfur, are to be found around

geothermal sources that were previously utilized for different purposes (P6rdarson, 1998).

In the late 1920s warm water was, for the first time, pumped from Laugar (located within
Reykjavik city limits) which marks the beginning of Reykjavik’s heating utility. Shortly
before 1930 the first attempt was made to produce electricity with steam in Hveradalir, an
area located close to Reykjavik (Pordarson, 1998). According to Palmason (2005) these
initiatives were the first undertakings that lead to the municipal district heating service,

later entering the power production industry, now called Reykjavik’s Energy. Since these



first initiatives of geothermal use, Iceland has taken a position on the cutting edge in the
field of geothermal energy technology and has since 1978 hosted the United Nations

University Geothermal Training Program (Palmason, 2005).

Currently, seven geothermal power plants are operating in Iceland with the installed
generation capacity of 575 MWe. Four of these are combined heat and power (CHP)
plants. In the year 2008 electricity production using geothermal sources added up to 4.038
GWh which equals to 14.530 TJ (National Energy Authority, 2010a). The aluminum
industry is by far the largest user of electricity today using 73,7% of all electricity
production in Iceland. Plans for further additions in the exploitation of geothermal power
are currently on the drawing board (National Energy Authority, 2009; VSO, 2007).

Geothermal energy is, in general, considered as an environmental friendly alternative for
finite fossil energy. In that regard carbon dioxide emissions from geothermal power plants
are substantially less than emissions from conventional power plants that use carbonated
fossil fuels (Figure 1) (Armannsson, Fridriksson & Kristjansson, 2005).

Coal I
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Natural gas =
Hydropower—
Geothermal —
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¢ & £ | §
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Figure 1: Emission ranges of CO, (in grams per kilowatthours)from different energy

sources (Armannsson, Fridriksson & Kristjansson, 2005 with permission).

According to Icelandic law no. 106/2000 when planning for a geothermal power plant,
with installed generation capacity of > 10 MW, and with thermal input of > 50MWj,, it is



obligatory to undergo an environmental impact assessment (EIA). So far most EIA results
show no or insignificant environmental impacts from geothermal power plants (Reykjavik
Energy, 2003; VSO, 2007). However, there seems to be a rising concern among the general
public that there might be potential negative impact from geothermal power plants, mainly
as regards increased sulfur smell in towns adjacent to geothermal fields, higher awareness
regarding health impacts and the perception of diminished recreational value near these
areas (e.g. Bjornsdottir, 2009; Stefansson, 2009; Hafsteinsdéttir, 2009). Different actors
have also expressed their concerns because of the visual impact of the newest geothermal
power plant, Hellisheidi, east of Reykjavik (Figure 2). Additionally, in 2008 changes in
vegetation around two geothermal power plants were reported (The Icelandic Institute of
Natural History, 2008a; The Icelandic Institute of Natural History, 2008b). The possible
underestimation, in the EIAs, of the environmental load and the magnitude of the
disturbance in relation to geothermal power plants lead to a new detailed research aimed at
investigating actual external effects from geothermal power plants and their cost. The
project was sponsored by the Icelandic Research Fund in 2005 — 2009, resulting in a report
by Frisbak et al. * titled External Impacts from Geothermal Energy Plants in Iceland,
hereafter referred to as the Externalities Project. The report emphasizes several impacts on
health, human assets, land cover and vegetation changes.

Figure 2: Effluent pipeline from Hellisheidi power plant, seen from the highway
(photograph: Gudrdn Lilja Kristinsdéttir)

3 An unpublished report by Fanney Frisbak, Marfa H. Maack and Gudrin Lilja Kristinsdottir. The reprt was
supported by the Icelandic research fund in 2005 with the project number: 0500450021



This thesis attempts to explore potential effects from geothermal power plants on their
surrounding environment, with special focus on changes in land cover. This is done by
testing a new method which uses relative species richness as an indicator of potential land
quality changes within the impact zone. Hence, if changes in land use have negative impact
on the relative species richness the quality of the land declines. This simply means that
ecosystems disturbed from being in balance with their natural conditions, may loose their

natural resilience (Frischknecht et al., 2006).

This project applies methods developed by a larger European pilot project, called NEEDS
(New Energy Externalities Development for Sustainability). NEEDS is aimed at linking
Life Cycle Analysis (LCA) of various types of power plants and their environmental
impacts and lastly to express the impacts in monetary costs (NEEDS, anon.nd.). The
assessment approach used in this thesis was proposed within the Icelandic part of the
NEEDS project. Figure 3 shows the interrelation of this study to the Externalities project
and the NEEDS project, where the NEEDS project introduced a particular methodology

and parts of that methodology were then used by this study and the Externalities Project.



NEEDS project
(European perspective)

NEEDS Methodology

\ 4

This Study

Externalities Project
(Icelandic perspective)

Figure 3: Links between this study, the Externalities project and the NEEDS project.

The method applied in this thesis is one of the tools generated within the NEEDS project
and is called ‘Assessment of biodiversity losses’. This assessment approach was developed
first in Switzerland and then extended to harmonize with pan-European conditions and is
essentially supposed to quantify changes that can be seen in the quality of land by
accounting for changes in relative species richness (Frischknecht et al., 2006).



1.2 Objectives

This study aims to deploy the proposed NEEDS methodology to:

e assess changes in land quality as a result from geothermal power plants

e evaluate if the methodology is applicable to local conditions in Iceland

The study is carried out as a case study at the Hengill geothermal area in southwestern
Iceland (cf. Figure 9 and Figure 10). The NEEDS methodology is based on an approach
that correlates data from the land mapping method CORINE* as well as species richness
data from Central Europe. This methodology will be used here to assess changes that occur
between the years 2000 and 2006. Furthermore, in order to validate the method, the result

of the study site will be compared to randomly selected reference areas around Iceland.
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2 Background

2.1 External effects of geothermal power plants

2.1.1 Chemicals in geothermal steam

Geothermal water originates from precipitation which seeps through the ground and
becomes groundwater. When the water is heated by subterranean magma pockets it
dissolves material from the bedrock and accumulates minerals due to chemical reactions
with the surrounding rock. The chemical composition of the suspended matter highly
depends on the permeability, type and temperature of the surrounding rock. Geothermal
water in high-temperature areas therefore contains more dissolved chemicals than water

from low-temperature fields (Palmason, 2005).

When pressure drops, water changes phases and steam is formed. The gases (previously
dissolved in the water) are partly transferred to steam but a large part of the dissolved

chemicals stays suspended in the
geothermal water or petrifies. The Table 1: An example of chemical composition of

composition of the steam and the ratio 9eothermal steam-phase from two boreholes in

between different geothermal areas Palmason (2005).

but also between different boreholes

. Nesjavellir ~ Nesjavellir
(Table 1) in the same geothermal area ) )

, (NG-10) (NJ-11)
(Palmason, 2005). When geothermal
. KJ/kg 1180 1600
energy is harnessed, steam and water
. Temperature (°C) 180 180
flows with great amount of pressure
L Steam (mg/kg):
from deep within the bedrock up to
. CO, 2,033 2,498
the surface. This flow results, not only
_ ) H,S 695 1219
in renewable energy, but also in
o ] ) H, 8 69,1
emission of chemicals, previously
_ Ar+0, 3,4 2,3
accumulated in the geothermal steam
N, 201 78,4
and water (Palmason, 2005).
CH, 8,8 7,4




Geothermal steam is difficult to analyze, but the main chemicals found in the steam are
displayed in Table 1. In this context, geothermal fluids can be defined as primary and
secondary geothermal fluids. Primary fluids are found in the convention cell’s bottom
(base-depth), when these fluids ascend up towards the surface there can occure a fluid
phase separation and further fluid mixing which eventually forms so called secondary
geothermal fluids (happens e.g. during depressurization, phase separation of saline fluids).
These two fluid categories have different chemical composition which is also affected by
the composition and the physics of the surroundings. Among the most common elements
are: Na, Ca, Cl and K and the compound SiO, but there are also trace elements e.g. arsenic
(As), mercury (Hg), boron (B), cadmium (Cd) and lead (Pb) (Arnorsson, Stefansson &
Bjarnason, 2007). Many of these emission compounds have the potential to impact their
surroundings and some of them are even green house gasses. In order to put these elements
into context, their possible impacts on vegetation will be examined through two different
impact routes based on published studies; primary effects and secondary effects.

2.1.2 Primary effects on vegetation

Primary effects of geothermal steam on vegetation are here defined as the direct effect that
a compound has on the surrounding vegetation e.g. bioaccumulation and toxicological
effects. Bioaccumulation is a process where organisms absorb a toxic substance at a faster
rate than they can dispose of it. Thus, the particular toxic substance gets accumulated in the
organisms' tissue. The concentration of these toxic substances may also
increase throughout the food-chain (Botkin & Keller, 2007; Walker et al.,2006). Majority
of the trace elements found in geothermal emission are heavy metals which can easily
build up in sediments and have the tendency to bioaccumulate in organisms (Efla, 2009;
Botkin & Keller, 2007; Walker et al., 2006).

A toxicological effect often follows a so called dose-response curve. The dose-response
approach is based on linking human, plant and/or animal physiological response to
environmental load or pollution stress. Hence, a particular level of pollution (dose) results
in a particular response (Figure 4), such as changes in reproduction, growth rate and
mortality (Walker et al, 2006). When an environmental load (e.g. pollution) occurs the
most sensitive species are the first ones that are affected. In that context, Loppi &
Nascimbene (1998) point out that lichens and moss species are indicative organisms



mostly because they obtain the largest part of their nutrition through rain and air and are
therefore easily exposed to changes in the environment (Loppi, Giomarelli, & Bargagli,
1999). Lichens have, due to their sensitivity, been used in bio-monitoring ever since the
beginning of the 20th century, when a lichens zonation was noted in the geothermal area of
Larderello in Italy (Loppi & Nascimbene, 1998). Further direct phytotoxic effects of
geotheremal emission substances (e.g. boron and hydrogen sulfide) have been
demonstrated on vegetation surrounding geothermal power plants in Italy (Bussotti, et al.,
1997; Paoli & Loppi, 2008; Loppi & Nascimbene, 1998).

100% -

Threshold

HESF(I)NSE

o

Lowest DOSE Highest

Figure 4: An example of a dose response curve, where a particular dose or toxic stress (x-

axis) results in a particular response (y-axis) (NIH, anon nd).

In Iceland, moss has an extensive spread (especially in lava fields) and has been used as an
environmental indicator for a long time, for example to monitor heavy metals in the
environment (Magnusson, 2002). Recent observed vegetation damage around geothermal
power plants in Iceland showed a considerable damage to moss (Efla, 2009). The results of
Efla (2009) were though to be inconclusive mainly due to the fact that there has not been
any dose-response testing in Iceland for the species living in the area (see further in chapter
3.2).



2.1.3 Secondary effects on vegetation

Secondary effects of geothermal steam on vegetation are here described as effects that are
indirect e.g. by emitted compounds that are potential green house gases (GHG). In many
aspects there is a growing concern regarding secondary effects of emitted GHGs in the
world (rising sea level, changes in climate, etc.). Changes in the biosphere such as earlier
flowering of certain plants can for example cause a chain reaction that can affects all levels
of that particular ecosystems and are many species faced with increased stress and might
even become extinct in certain areas (Botkin & Keller, 2007). Emission of GHG’s from
geothermal power plants, are relatively low compared to other sources of energy (Figure
1). In the Icelandic Inventory Report for the emissions of greenhouse gases in the country,
emissions from geothermal energy exploitation are considered to be moderate, only five
percent (Hallsdottir et al.,, 2010). Eventhough emission from geothermal energy
exploitation has increased by 208%, between years 1990 and 2010, its share in the nation’s
emission is relatively low (Figure 5). Geothermal energy has, by contrast with fossil fuel
produced energy, less emission and therefore less global warming potential. Still, it’s
important not to ignore the possible environmental impacts related to construction of a

geothermal power plant.

construction Dt:'er Fishing
geothermal 5% ’ 14%
5%
Road
vehicles
24%
stationary
industrial combustion,
processes oil
44% 3%

Figure 5: Distribution of CO2 emissions by source in Iceland in 2008 (Hallsdottir et al., 2010

with permission).
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2.2 Assessment methods in Iceland

2.2.1 Environmental Impact Assessment

One of the goals of this study is to propose a method that could be used in conjunction with
Environmental Impact Assessment (EIA). In that way, the possible underestimation of
environmental load and the magnitude of the disturbance in relation to geothermal power
plants could be minimized. EIA is a process to identify and predict the impact of a
particular project on the environment. It is a technique where the idea is to collect
information regarding environmental effects which can then help the planning authorities
to take informed decisions (Glasson, Therivel & Chadwick, 2005). The goal of conducting
an EIA is to get an overview of all possible environmental impacts and to make sure that
the planned projects have as insignificant impact as possible. Potential stakeholders and the
general public is allowed comment and possibly influence the pending projects
(Environmental Impact Assessment Act no. 106/2000).

The EIA includes quantitative descriptions and analysis, such as counting (of birds, plants
etc), mapping and describing the potential impact that a particular project may cause
(P6roddsson, 2009; Environmental Impact Assessment Act no. 106/2000). The process of
EIA is rather demanding and is based on many different steps, the major ones are shown in
Figure 6. Firstly the key impact categories are described and baseline studies conducted. In
the aspect of the biosphere includes mapping and description of different categories of
organisms in the area. After these initial steps the potential impacts are predicted and
assessed. In some cases the mitigation measures are idendified, such as need for restoration
of disturbed land. After the project is finished, monitoring of the environmental effects
starts by for example monitoring changes in the environment that could lead to negative
effects (Glasson, et al., 2005; Icelandic National Planning Agency, anon.nd; Wathern,
2001).

Baseline Impact Project Monitoring
studies prediction programme

Figure 6: Simplistic view of the major EIA steps (Source: Wathern, 2001).
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Strategic environmental assessment (SEA) is a method that expands the concept of EIA
from projects to policies, plans and programmes (Glasson, et al., 2005). In 2006 Icelandic
laws regarding SEA were legalized and those responsible for the assessment have to
consult with the National Planning Agency throughout the process (Strategic
Environmental Assessment Act no. 105/2006; Icelandic National Planning Agency,

anon.nd).
2.2.2 CORINE categorization approach

The NEEDS methodology uses CORINE data as an input for categorizing analyzed areas
(further described later). Environmental issues are not limited by countries borders which
creates basis for cooperation in monitoring changes in land use. CORINE is a pan-
European classification project aimed at applying identical method to analyze satellite
pictures (e.g. SPOT 5) in order to map land cover types in different European countries,
and by that acquire comparable data for the whole region. Originally there were 26
European countries that used the CORINE method. Since the EU membership has grown,
more nations have joined the project each year, even reaching outside the EU. The method
was first used in 1990 and updated in 2000 and 2006. To map land cover types CORINE
uses both land cover and land use as an input for assessing and classifying land (The
European Commission, 2000; Pleijel, 2007; Arnason & Matthiasson, 2009). Certain
changes in land use are undesirable and to be able to monitor and achieve comparable data
from different countries it is important that the categorization follows the same rules in all
countries. By doing so, comparison between different countries will be possible and
thereby an overview of the development and changes within and between categorized areas
can be achieved (The European Commission, 2000, European Environment Agency,
2006).

According to the The European Commission (2000) and the European Environment

Agency (2006) the most important criterions of CORINE are:
- The scale of CORINE is 1:100 000

- The smallest mapping unit area is 25 hectares and the thinnest area 100 meters
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- Thematic accuracy is estimated to be 87% + 0.5% °

- The categories are devided into three levels as presented in Figure 7.

5 categories:

1. Artificial surfaces

Level 1 2. Agricultural areas

3. Forests and semi-natural areas
4, Wetlands

5. Water bodies

\ 4

15 sub-categories:

Level II For example:

4.1. Inland Wetlands

\ 4

44 land cover types

Level III

For example:

4.1.2. Wetland Marshes

Figure 7: Categories structure of the CORINE method, further detailed information
on the categories can be found in Appendix A (Source: Feranec et al., 2010;
Arnason & Matthiasson, 2009 and The European Commission, 2000).

According to Arnason & Matthiasson (2009) the National Land Survey of Iceland (NLSI)
formally became a member of the CORINE program in 2007. A process was then initiated
to classify all land in Iceland corresponding to type and use of the land, aligned with
respect to the European standard and guidelines from the European Environment Agency.
The country was categorized for the year 2006 but later also included the change from the
year 2000, CLC®-change 20002006 (Arnason & Matthiasson, 2009). The main data for the

5> Means that in more than 87% incidents a particular point/place is in the right CORINE category.

6 CLC — CORINE Land Cover
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CORINE categorization are SPOT satellite images taken the years 2000 and 2006 provided
by the European Environment Agency. A selection of SPOT-5 satellite pictures, which
NLSI has compiled in collaboration with other institutions, is included. Other set of data
used for Iceland is obtained from a project called Nytjaland (EN: usable land) aiming at
assessing and mapping land use in Iceland (Arnason & Matthiasson, 2009; Nytjaland,

anon.nd).

Arnason & Matthiasson (2009) consider the major disadvantage of the CORINE method to
be the generalization and low resolution of the method. They further point out that the data
is also simplified in many cases which can influence numerical results (e.g. small
categories can vanish in comparison to the large categories). Another weakness is that the
analyzis is conducted every 6 years, which is considered to be short in regards to slow
natural changes occurring over long time periods. However, apparent advantages of
CORINE are the potentials of assessing large areas in a short time, with relatively low cost.
Accessibility of the CORINE data is furthermore a certain stimuli for the development of
new approaches to assess the European landscape in the different contexts e.g. economic
accounting, modeling, environmental issues and species richness (e.g. Heines-Young &
Weber, 2006; Webber, 2007; Feranec, et al., 2010). Mander et al (2005) points out that the
usefulness of landscape metrics with respect to for example species richness monitoring is
controversial especially because of the fact that results are scale and map-dependent.
Nevertheless, numbers of studies have documented the correlation between species
richness and landscape variables. Some conclude that the composition of landscapes is one
of the most important factors explaining regional species richness (Wagner et al, 2000;
Dale et al, 2000; Mander et al, 2005). One of those using species richness is Koellner
(2001) who correlated meta-analysis of species richness with CORINE categories, when
developing an approach that was further implemented in the NEEDS project (see chapter
4). The stimuli for evaluating the NEEDS methodology for Icelandic conditions was the
accessability of the CORINE data and the interest to explore if it was applicable. Also,
because EIA is the only required environmental assessment that a project, as a geothermal
power plant, has to undergo before construction it’s interesting to investigate if the NEEDS

method could be a part of that process.
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The NEEDS method can be considered as
large scale or broad research whereas
vegetation research is usually more small
scale and considered as detailed research
(spanning everything between ecosystem
researches to physiology functions within the
plant cell). The NEEDS method (and other
methods where typological data is correlated
with  biological field-research) can be
considered as an attempt to bring together
large scale and small scale research fields
(Figure 8). These methods are all relatively

new and show an important initiative which

Large scale, broad research

Small scale, detailed research

Figure 8: The connection between Large

scale and small scale research (picture by

Gudrdn Lilja Kristinsdattir).

creates a basis that can then be developed further. These methods mark the first step

towards better and more specific/detailed monitoring systems.
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3 Study site

3.1 Physical settings

3.1.1 Geothermal areas in Iceland

Iceland is situated on the Mid-Atlantic Ridge which is an ocean ridge between two tectonic
plates; the Eurasian plate and North American Plate. This results in a belt of active
volcanic fractures across Iceland. The volcanic activity gives rise to magma intrusions in
subterranean pockets which leads to high geothermal activity. According to Pérdarson
(1998) there are around 20-30 high temperature areas in the country, all situated in the
fracture zone which means that many of them are far from inhabited areas. On the other
hand, there are around 250 low temperatures areas and associated with them are over seven
hundred hot springs (Figure 9). These areas are distributed all over the country since they

are not directly linked to the fracture zone (National Energy Authority, anon.nd).
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&
Studyarea
-
Bedrock
A < 0.8 m. years
® High temperature field v = 0.8 - 3.3 m. years
+ Low temperature field 3.3-15m. years

Figure 9: Distribution of high- and low temperature geothermal fields in Iceland. The
study site is located in the southwest of the country, indicated with a square (National

Energy Authority, anon.nd with permission).
3.1.2 The study site: Hengill area

The study site is one of the largest high-temperature areas in Iceland with an areal size
around 140 km? known as the Hengill geothermal area (Figure 9 and Figure 10) The
capacity of the area is predicted to be 700MW of installed generation capacity and even
more in heat production (National Energy Authority, 2010b).The Hengill geothermal area
was selected as a case study area for the Externalities project, and consequently this study,
as there are two geothermal combined heat and power plants (CHP)” within the area. These
plants will be referred to as; Hellisheidi, which was inaugurated in 2006 and Nesjavellir
which is a well established CHP in operation since 1990 with 120 MW of installed
generation capacity and thermal input of 300 MWth. Hellisheidi power plant has installed
generation capacity of 213 MW and thermal input capacity of 400MWth (National Energy

7 Combined heat and power plants: Geothermal energy plants that both produce electricity as well as hot water
for district heating at significantly higher efficiency than can be achieved by solely generating electricity or
supplying heat
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Authority, 2010a; Reykjavik Energy, 2010a; Reykjavik Energy, 2010b; National Energy
Authority, 2010b).

The preperation for Nesjavellir power plant began as early as 1947. In 1964 the Reykjavik
District Heating bought Nesjavellir and began their research. Construction of the power
plant itself began in 1987 which resulted in launching operation on the 29th of September
1990. The first power plant had four holes that generated around 100MWth producing
approx. 560 liters of hot water per second. In 1995 the fifth hole was connected increasing
the production capacity to 840 liters per second (equal to ca 150MWth of geothermal
power). The power plant was designed with co-generation in mind; therefore in 1998 the
first steam turbines were installed, which are 30MWe each (Reykjavik Energy, 2006;
Palmason, 2005). Further drilling and enlargement of the power plant then increased the
operation capacity of the station which is today 120MWe for electricity and produces 1800
liters per second which equals to 300MWth. A total of 26 holes have been drilled (5 of
which permanently closed), the depth of the holes ranges from 1000-2200 meters with a
temperature up to 380°C. Forecast for the area indicates that, assuming average maximum
production of 400 MWth, the present processing area will be able to continue for at least
30 years, after which it can be assumed that the influx of water will not fulfill this
magnitude of exploitation (Reykjavik Energy, 2006; Palmason, 2005). Reykjavik Energy
started drilling boreholes for the second geothermal power plant, Hellisheidi, in the Hengill
area in 2002. Hellisheidi then started operation in 2006 and when it will be used for its full
capacity the electricity production will be around 300MWh and 400 MWth of thermal
input (for district heating) (Reykjavik Energy, 2010b).
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Figure 10: Geographical map of Hengill area displaying the two geothermal power plants
in the area, i.e. Hellisheidi and Nesjavellir geothermal power plants are highlighted
(Reykjavik Energy, 2006; National Energy Authority, 2010a with permission).

3.2 Vegetation

Vegetation maps were made for the Hengill area by The Icelandic Institute of Natural
History in order to map the area before research-drilling started in the Hellisheidi area in
2002. For some parts of the area, detailed information regarding the vegetation were
collected (Gudjénsson, et.al., 2005). According to Gudjénsson, et.al. (2005) the vegetation
in the Hengill area is rather monotonous with few but dominant/characteristics plant

communities (moss heath 58%, grasslands 20%, dwarf-shrub heath 2% and eight other
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types of plant communities that account for less than 1% cover). The lowlands are mostly
continuously vegetated but at higher elevation the vegetation becomes more discontinuous
and is growing on a thin soil layer. Gudjénsson, et al.(2005) point out that in some cases
are indications of vegetation recession even though pasturage of sheep has decreased
substantially the last decades. They further point out that in some parts, there seems to be

no vegetation progress occurring.

During the fall of 2008 it was reported that the moss covering lava field around the
Hellisheidi geothermal power plant was highly damaged and soon after that other areas
adjacent to geothermal power plants reported damage (Figure 11). The case got substantial
news coverage and concerns escalated that the impact of geothermal power plants had

previously been underestimated.

Figure 11: Dead moss in the neigbourhood of Reykjanes power plant in about 300 m

distance from the source (Efla, 2009 with permission).

Subsequently Reykjavik Energy employed researchers to investigate these damages. Moss
damage was apparent in a radius up to 700m from Hellisheidi power plant in the prevailing
wind direction (Efla, 2009). There were also observed vegetation damages in Nesjavellir
where the concentration of sulfur and mercury was highest (Figure 12). For chemical
analyses of moss sample a special focus was set on hydrogen sulfide, arsenic, boron and
mercury given that they are considered to be pollutants. Results further show significant
difference between the concentration of sulfur in moss around geothermal power plants
and the reference area (Blafjoll, approximately 14 km south-west of the Hellisheidi power
house), which indicates that sulfur, in various forms, has accumulated in the area around
the power plants (Figure 12). Efla (2009) implies in their report that H,S is at least partly to

blame for the vegetation damages.
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It is noticeable that concentration of sulfur in the vegetation samples from around
Nesjavellir is much higher than around other geothermal power plants. Efla (2009)
suggests that one of the explanations can be lack of measures to reduce pollution from the
power plant. They also mention other possible reasons such as the one that Nesjavellir has
been running for 20 years, from 1990, and it’s possible that the chemicals have

bioaccumulated in the vegetation.
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mg/kg pv.

Hg

Figure 12: Results from moss chemical measurements (mg/kg, dryweight) at different

locations in southern Iceland, with BIlafjoll (green column) as reference site. Three

sampling spots were selected around Hellisheidi power plant (HE-neydarlosun, HE-17 and

HE-stddvarhus). Two sampling spots were selected for Nesjavellir power plant (Nesjavellir

and NV-19) and one for Svartsengi (a geothermal power plant in the south-west part of

Iceland) (Efla, 2009 with permission).
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4 Methodology
4.1 NEEDS methodology to evaluate land quality

changes

4.1.1 Structure

As earlier stated, the NEEDS methodology is based on an approach developed by Koellner
(2001) focussing on the correlation of CORINE data and a meta-analysis of species
richeness in Central Europe. The meta-analysis has information about species diversity
(plants, moss and mollusks) from 5581 sample plots which was then used to calculate
characterization factors for 53 CORINE land cover categories. Koellner’s approach was
then further developed as to fit into cost and benefit analysis of various energy strategies in
the NEEDS project. This study aims to deploy the NEEDS method to estimate the extent of
land quality changes as a result from geothermal power plants at the Hengill area. This is
done by analyzing the changes in land cover using the species richness data base developed
by Koellner (2001) and then further expanded by Koellner & Scholz, 2008). The NEEDS
method was chosen because of its apparent advantages for assessing large areas in a short
time, with relatively low cost. Accessibility of the CORINE data for the Icelandic region is
furthermore a certain stimuli to test this method and explore its possibilities. Although
controversial, this study is set to use species richness data from Central Europe and apply it
to Icelandic circumstances. No field research was conducted. Hence, the applied method
introduced and adapted in the NEEDS project will be applied here as to assess potential

changes in land cover around geothermal power plants®.

8 . . . S .

Geothermal energy plants were not included in the LCA series within the NEEDS project but modules for
harnessing solar energy, wind, marine movements, carbonated fuel and others were compiled and their eventual
externalities estimated and compared in future scenarios for Europe in the 21st century (Frischknecht ef al,

2006).
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4.1.2 Land cover changes as a result from land use changes

The NEEDS methodology looks at changes in land cover by using indicators to evaluate
changes in relative species richness before and after construction/operation of a particular
power plant. Koellner and Schloz (2007; 2008) linked the information they had compiled
on species richness to typology based on the CORINE classification (Koellner & Schloz,
2008; Koellner & Schloz, 2007). Frischknecht et al. (2006), who developed the method
‘Assessment of Biodiversity Losses’ within the NEEDS project, used the carecterization
factors produced by Koellner and Schloz (2007; 2008) as an input for the concept of
Potentially Disappeared Fraction (PDF). PDF is used to measure changes in numbers of
species in a particular land use type relative to the number of species in a comparable
reference state (Equation 1). This is done in order to transform an absolute number into a

relative number by using regional species richness in a particular area.

S(use)
S (reference)

PDF =1 — Equation 1

where S(use) represents the number of species richness of an occupied or converted land
use type and S(reference) is the number of species in a reference area type (Frischknecht,
et al, 2006). The CORINE land cover types are thus correlated with information of relative
number of vascular plant species in each land types. In that way a particular land cover
type represents a particular number of species, which can then be an indicator for land
quality (Frischknecht, et al., 2006). In the NEEDS project the Swiss Lowlands® were
selected as a basis for all reference and the land use types are categorized by using the
CORINE land cover classification method, cf. Table 2. The Swiss Lowlands are used as a
reference site because the characterization factors were created through a meta-analysis

with data from the Biodiversity Monitoring Switzerland (Koellner & Schloz, 2008).

9 The area of the reference category Swiss Lowlands consists of 8.2% high intensity forest, 17.6% low intensity
forest, 52.8% high intensity agriculture, 9.3% low intensity agriculture, 1.3% lakes, 0.3% non use, 5.8% high
intensity artificial and 4.8% low intensity artificial (KKoellner, 2001; Koellner&Schloz, 2008).

26



Table 2: Examples of CORINE categories that are linked with expected species richness and
PDF with reference to Swiss Lowlands (modified from Deliverable D.4.2. - RS 1b/WP4,
"Assessment of Biodiversity Losses" from the NEEDS project)

Number of Potentially Disappeared

CORINE
No. Type Species Fractions (PDF) with
per m’>  Reference to Swiss Lowlands
322 Heath land 14,2 0,65
412 Peat bog 7,2 0,82
121 Industrial area part (with vegetation) 9,5 0,76
311 Broad-leafed forest 10,8 0,73
211 Pasture/meadow 7,5 0,81
Swiss Lowland (reference site) 40 0,00

The positive PDF values presented in Table 2 can be interpreted as a decline in relative
species richness, indicating that following land use types hold less species per m? than the
reference area does. For example, it can be expected that a CLC 322 category (‘Heath
land”) has 65% less species than the reference site ‘Swiss Lowland’. The species number
of a specific CORINE category is standardized for 1 m?, thus the PDF fractions are always
a percentage of the relative species richness to the Swiss lowlands first transforming the
absolute species number in Sy into a relative number. Later the changes can be followed
up as relative changes to what was the natural state of the land as compared to what it
becomes at later stages (Frischknecht, et al., 2006). In order to calculate resulting PDF’s

for land conversion from one land use type to another the following equation is used:

PDF (Land conversion) = PDF2 — PDF1 Equation 2

where PDF1 corresponds to the PDF value of the land before (land use) changes, and
PDF2 represents the PDF value of the land after (land use) changes (Frischknecht et al.,
2006). Figure 13 illustrates the interrelation of the different components in the NEEDS
methodology.
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Figure 13: Overview of the data input for the NEEDS method and how CORINE categories and

species richness data are integrated to the method

4.2 Data

4.2.1 CORINE Land Cover

The NEEDS methodology uses CORINE land cover data as an input. CORINE data was
retrieved from the National Land Survey of Iceland. Personal communication with their
experts was quite helpful in establishing the data and information of suitable software (in
this study Quantum GIS was used). The land cover of the Hengill area was explored using
the CORINE land cover data set for the years 2000 and 2006. CORINE data is not

available before the construction of the Nesjavellir power plant. Consequently calculations
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of changes before and after the power plant’s construction will only be made for the

Hellisheidi power plant.
4.2.2 Species richness

Koellner and Scholz (2008) contributed a list of CLC categories, where they indicate the
number of species to be expected in each category. They developed these characterization
factors within the framework of LCA by conducting an extensive meta-analysis, with
empirical information on species richness from Central Europe. The characterization
factors were, as previously stated, calculated from information on species richness from
5581 sample plots for 53 different CORINE land cover categories. Vascular plants species
were chosen as a proxy for the total species richness due to the fact that there is available
reliable data for a wide variety of land use types. It was not possible to incorporate data on
all species groups, but the species richness of vascular plant species correlates highly with
other species groups. Furthermore, to check for correlation, assessment of number of moss
and mollusk species was made and threatened plants were also considered (see complete
list in Appendix B) (Koellner & Scholz, 2008). This relative species richness data was
compiled and calculated with data from biologists’ field research in central Europe.
Comparable data has not been established for Icelandic circumstances, but in order to

display the method this data and the European characterization factors will be used.

4.3 Validation

In order to use the NEEDS method for Icelandic circumstances, validation of the method is
critical. The validation is carried out by selecting 25 random areas (excluding glaciers)
from an Icelandic 10x10km grid system to compare with the changes observed in the study
site (Figure 14).

For the analysis and comparison of the CORINE data a program called Quantum GIS was
used for calculations. Two Layers were used: (1) CLC-change between the years 2000-
2006 to achieve information regarding size of change and categories and (2) Icelandic

10x10km grid system.
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Figure 14: Map of Iceland, including the study site (red square) and the 25 randomly selected areas (yellow squares, marked by
numbers for identification). This map was created using data from CORINE 2006 and the Icelandic 10x10km grid system.
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5 Results

5.1 CORINE-analysis of the Hengill area

As a first step to assess land quality changes, with the NEEDS methodology, the study area
was assessed and categorized according to the CORINE classification. By using available
data from National Land Survey of Iceland the land cover of the Hengill area was devided
into fourteen level 111 categories (e.g. Figure 15, Table 3, Appendix A). Six of them (i.e.
CLC; 313, 321, 322, 324, 332, 333) are sub categories of the level | category representing
‘Forests and semi-natural areas’. Categories belonging to this sub-group cover large parts
of the study area and are further described in Table 3. Two of the level Il categories CLC
412 and 512 are sub categories belonging to level 1l category representing ‘Wetlands’ and
‘Water bodies’. The remaining five categories (i.e. CLC; 112, 121, 131, 141, 142) belong
to level | category representing ‘Artificial surfaces’. CLC 231 is the only level Il category
in the area that belongs to the category representing ‘Agricultural areas’ (see further layout
of categories in Appendix A). The level Ill category ‘Industrial and commercial units’
(CLC 121), where geothermal power plants are categoriezed, refers to areas that are for the
most part manmade and barren. In general, category 121 has a range over; (1) Industrial
areas, factories, power plants (hydro and geothermal) and transformer plants, (2) Research-
and development institutions, (3) Big shopping- and exhibition centers, (4) Universities,

schools, hospitals and parking lots associated with these buildings.
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NESJAVELLIR &

HELLISHEIDI

Figure 15: CORINE level 11l categories for the Hengill area. The yellow colored area
represents the geothermal development areas categorized as ‘Industrial and commercial
units’ (CLC 121) (This map was created using data from CORINE 2006 and the Icelandic
10x10km grid system).

When the 10x10 km grid was applied to the CORINE categorization of the study area the
area fell roughly into four 10x10 km squares (Figure 15). In order to examine how the
different CLC-categories were distributed and their proportion of the area, these four
10x10 km squares were analysed by using Quantum GIS and two layers; CLC-categories

and the Icelandic 10x10 km grid system (Table 3).
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Table 3: Results of the analysis of fourteen CORINE level 111 categories found in Hengill
study site (Source: based on CLC data and 10x10 grid system, results from the Quantum

GIS application)

CLC level 11 categories CLC level 111 % of the
categories Type Hengill area
Water bodies 512 Water bodies 9%
Wetlands 412 Peatbogs 1%
0,
Open spaces with little or 333 Sparsely vegetated areas 12%
no vegetation 332 Bare rock 3%
324 Transitional woodland/shrub 1%
Shrub and/or herbaceous 322 Heath land 66%
vege-tation _
321 Semi-natural grassland 2%
Forests 313 Mixed forests 0%
Pastures 231 Pastures 1%
- —— 5
Artificial, non-agricultural 142 Sports and leisure facilities 1%
vegetated areas 141 Green urban areas 0%
!\/Ilne_, dump and construct- 131 Mineral extraction sites 0%
ion sites
Industrial, commercial and . .
! 0,
transport units 121 Industrial units 3%
Urban fabric 112 Discontinuous urban fabric 0%

The results show that the largest part of the study area is covered by ‘heath land’ (66%),
which is a little higher percentage than the results of Gudjonsson, et.al. (2005) where the
vegetation cover of moss heath was concluded to be about 58%. ‘Water bodies’ and
‘sparsely vegetated areas’ cover 9-12%, ‘industrial units’ (including the geothermal power
plants), ‘bare rock’ and ‘semi-natural grassland’ cover 2-3% of the study area. Most of the
remaining area (=4%) may be divided between the remaining categories ranging from O-
1% (‘Peatbogs’, ‘Transitional woodland/schrub’, ‘Mixed forests’, ‘Pastures’,”Sports and
leisure facilities’, ‘Green urban areas’, Mineral extraction sites’ and Discontinuous urban

fabric’).
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5.2 Quantification of land cover changes

For quantifying land cover changes between the years 2000 and 2006, species numbers
provided by Koellner & Scholz (2008) were transformed into a relative number by using
the relative regional species richness of the Swiss Lowlands as a reference. PDF
(potentially disappeared fraction) calculations are for demonstration purposes calculated
for CLC 322 (calculations for the other CLC-categories can be found in Table 4), which is
the only CLC-category that displays changes within the Hellisheidi area (Figure 16)
between years 2000-2006. CLC 322 has a relative species richness of 14,2 and the Swiss

Lowlands are used as a reference site whith relative species richness of 40:

S(use)

PDF = ————
S(reference)

14,2
40

= 0,65

which means that 65% of species potentially disappear with reference to the ‘Swiss
Lowlands’, this result is later used for calculating PDF for Land Conversion. The results
from the PDF calculations for the areas in the 10x10 km area containing Hellisheidi power

plant are compiled in Table 4.
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Table 4: Results of analysis of the seven level IIl CORINE categories in 10x10 km area
containing Hellisheidi power plant linked with number of species (pr m?) and PDF
(Sources: Koellner and Scholz, 2008).

Number of PDF with reference to

CLC Type species per m? Swiss lowlands

333 Sparsely vegetated areas 19,8 0,51

332 Bare rock 8,7 0,78

321 Semi-natural grassland 18,3 0,54

322 Heath land 14,2 0,65

324 Transitional woodland/shrub 17,2 0,57

231 Pasture/meadow 7,5 0,81

121 Industrial area (with vegetation) 9,5 0,76
Swiss lowlands (reference site) 40 0,00

Table 4 demonstrates the link between each CLC-category found in the 10x10 km square
containing Hellisheidi power plant and number of species estimated per square meter. The
PDF demonstrates, in %, the potential species decline with reference to the Swiss
Lowlands. The PDF value for each CLC-category in the study site is then further used to
calculate the PDF for land conversion. Figure 16 shows the change in land cover change,
observed in the CORINE data for the conversion from CLC 322 (i.e. Heath land) to CLC
121 (i.e. Industrial area). This change occurs due to the construction of the Hellisheidi
geothermal power plant.
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Figure 16: CLC-changes in Hengill study site from the year 2000 to 2006. The
yellow/white spot shows the land cover change from CLC 322 to CLC 121 (modified from
the web-based CORINE application. (National Land Survey of Iceland, 2010)).

Since the only change that occurs in the 10x10km square where Hellisheidi power plant is
located, is the conversion from CLC 322 to CLC 121 the PDF for land conversion is
calculated. In order to achieve that Equation 2 was appliled on the information obtained in
Table 4:

PDF (Land conversion) = PDF2 — PDF1
= 0,76 - 0,65
= 0,11

where PDF1 is the previously calculated value for CLC 322 and PDF2 the value for CLC
121. Hence, the result of the PDF calculations indicate a total decline of species between
2000 and 2006 to be 11% within the 509,57 hectares area of the study site, where
Hellisheidi power plant was constructed, transforming the area from natural heath land to

an industrial site.
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5.3 Validation for Icelandic circumstances

To validate the NEEDS methododology used in this study the calculated results of the
study area were compared with 25 randomly selected 10x10 km reference areas over
Iceland. Glaciers were excluded. The comparisons analysis reveals that changes occur in
eight areas (including the study site) during the time span studied. The changes differ in
areal cover and the CLC transition. The results furthermore show both positive and
negative PDF changes (Table 5). However, it is clear that the study site displays the
highest decrease of relative species richness, or 11%, whereas the other areas display a
change between: 26,1% increase and a 9,6 % decline of of relative species richness. Note

that no change was observed in a total of eighteen of the reference areas (Table 5).
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Table 5: Results of the analysis of the study site and the randomly selected spots with respect
to CLC-changes (2000-2006), the percentages describe the decrease or increase of relative
species richness. The numbers in the second column indicates the coordinates on the 10x10
grid and the areas are numbered according to Figure 14.

CLC-category  Areaof PDFand
changes 2000- change conversion
Name of area 2006 (ha) PDF 00 PDF_06 (%)

Area l 10KM_35 53 None

Area 2 10KM_39 52 None

Area 3 10KM_42_37 None

Area 4 10KM_44 49 None

Area 5 10KM_46 42 None

Area 6 10KM_46_35 335-512 38,83 1 0,81 -19
335-332 25,25 1 0,78 -21,8

Area 7 10KM_49 53 None

Area 8 10KM_49 39 None

Area 9 10KM_50 62 None

Areal0 10KM_51 54 None

Areall 10KM 52 35 511-331 45,69 0,81 0,73 -8
331-511 138,05 0,73 0,81 8

Areal2 10KM_54 57 None

Areal3 10KM_54 46 None

Areal4 10KM_56 36 511-331 1438,48 0,81 0,73 8
331-511 983,66 0,73 0,81 8

Areal5 10KM 58 61 None

Areale 10KM_59 61 None

Areal7 10KM 59 51 None

Areal1l8 10KM 61 60 None

Areal9 10KM 64 65 None

Area20 10KM_64 60 None

Area2l 10KM_67_49 322-133 26,2 0,55 0,61 6

Area22 10KM_67_48 322-133 35,67 0,55 0,61 6

Area23 10KM 69 47 None

Area24 10KM_70 51 322-324 53,17 0,55 0,57 2

Area25 10KM_71 55 322-324 293,98 0,55 0,57 2

Of the 25 randomly selected areas, changes were discovered in eight areas (including the

study site), the changes are influenced by many different factors e.g. constructions, glacier

regression and woodlands establishments. Since the results of the PDF | ang conversion fOr the



reference sites differ both in size of the affected area as well as in the magnitude of
increase/decrease, the study site shows the highest percentage of species reduction. The
differences and variations of the results make the comparison between the study site and
reference areas difficult. In order to make the results comparable Equation 3 and 4 were
used to obtain one particular value for whole areas (10x10 km) estimated from the areas
where CLC-change is detected:

Step 1

PDF; * A; + PDF, * A Equation 3
PDFH — 1 1 2 2

ATOTAL

where A represents the area that shows changes and AtoraL stands for the whole area
(10x10 km). This equation displays a weighted average of PDF for each area and is done
for both data from 2000 and 2006.

Step 2

In order to estimate change in PDF for whole areas (10x10 km) Equation 4 is derived from
Equation 3 (see further derivation steps in Appendix C):

APDFy = PDF24 - PDF14

_ (A A APDFl) + (A Az APDFZ) Equation 4

TOTAL TOTAL

where PDFy is weighted average of PDF for each area (outcome from Equation 3).
Consequently we only need to consider those areas where APDF # 0. By analyzing the
results with this approach comparable values are obtained for the study site and the

reference areas for the change between 2000 and 2006 (Table 6).
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Table 6: APDFy, results of land conversion from Table 5 adjusted to the size of the area.

swdyste . oosl
Areanr. 11 0,00074
Areanr. 14 -0,00364
Areanr. 21 0,00016
Areanr. 22 0,00021
Areanr. 24 0,00011
Areanr. 25 0,00059

When exploring the results in Table 6 it is aparent that the change occurring in the study
area is larger than the change in the reference sites. Also, calculations show that the
reference areas'® have on average APDF} equal to -0,00013 and standard deviation equal
to +/-0,000819. Assuming that the APDFy for the reference areas follows normal
distribution, the probability of APDF for the study area being > 0,00561 is close to 0 (IP
(APDFsypy > 0,00561 = 1,33*10™'?)). This indicates that the probability of a change, by
natural causes, the same size or larger as the one occurring in the study site (with the

construction of the Hellisheidi power plant) is almost 0.

10 Including reference areas where APDFy = 0
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6 Discussion and Conclusions

In Iceland, many reports on Environmental Impact Assessment (EIA) state low probability
of significant impacts from geothermal power plants, on the surrounding vegetation (i.e.
VGK, 2000; Efla, 2009; The Icelandic Institute of Natural History, 2008a; The Icelandic
Institute of Natural History, 2008b). However, numerous researches show that there are
trace elements in geothermal fluids that have the potential of bioaccumulating in the
adjacent environment and damaging surrounding vegetation, especially in sensitive areas
(e.g. Efla, 2009; Botkin & Keller, 2007; Walker et al.,2006). Heath land, which largely
characterizes the study area, is currently in an early succession with low species richness.
This suggests that the area has less resilience than other more developed ecosystems for
environmental loads. This is in line with results from e.g. Loppi, Giomarelli & Bargagli
(1999) and Efla (2009) showing apparent vegetation damages in the vicinity of geothermal
power plants. EIA depends, to a large degree, on basic research of the environmental status
of the land before human exploitation starts. Such research is expensive and largely lacking
for sites selected for energy exploitation in Iceland. With regard to vegetation a simpler
approach is to look more generally at vegetational conditions on comparable geothermal
sites. Map dependent indices are becoming widespread and within the European Comission
the use of CORINE data-sets are increasingly used with species richness indices as
demonstrated by numerous researches (e.g. Frischknecht et.al., 2006; Koellner & Scholz,
2008; Gimona et.al., 2009). However, several researches (e.g. Mander et.al., 2005 and
Gimona et.al. 2009) have pointed out that the usefulness of landscape metrics as indicators

for monitoring biodiversity is debated.

The NEEDS method set out to assess changes in land quality displayed decrease of the
quality indicator, i.e. the PDF value. Due to the construction of Hellisheidi power plant the
relative species richness declined by 11% in an area of 509,57 ha. This change is larger
than the ones observed in the reference areas (from 21,8% increase in relative species
richness to 8% decline). By calculating APDFy for the reference areas and comparing to
the study site it can be concluded that the probability of the observed land quality decline

in the study site, by natural causes, is close to zero. It can therefore be assumed that
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according to this method the construction of the Hellisheidi power plant has substantial
impact on the relative species richness of the area and thereby the land quality of the area.
However, the NEEDS methodology is constrained by certain limitations that can skew the
outcome and in order to verify these results for Icelandic conditions more detailed data is
needed. It would for example be of use to establish a meta-analysis, such as the one
conducted by Koellner & Scholz (2008) for Icelandic conditions. Their meta-analysis
included mainly data from regions with intensive use (e.g. agriculture, forestry and urban
land). The validity of the NEEDS method therefore depends on wheather the species
richness can be generalized from regions that differ from the ones used in the meta-
analysis. Koellner & Scholz (2008) state that the numbers for species richness should be
valid for regions with similar biogeographical situation and land use intensity, therefore it
can be considered controversial to use species richness data adjusted to Central Europe for
Icelandic conditions where the difference in species richness of these areas differ greatly
(e.g. Flora of Iceland, 2010; The Swiss Portal, anon.nd, Barthlott et al, 2005). If there
should be establised a better general foundation for Icelandic conditions where reference

habitats are well accepted, then this approach might be more adaptable.

A further limitation of the method is the low resolution of the CORINE data-set which
according to Gimona et.al. (2009) can affect accuracy for assessing land quality. The
methodology is for example not able to detect vegetation damages, as the ones occurring in
2008 in the vicinity of Hellisheidi geothermal power plant, as the change is too small scale
to lead to a change in CLC-categories. Also, Fahrig and Jonsen (1998) point out that
specific characteristics (such as shape, size and location) of land cover in landscape as well
as their fragmentation can have impacts on abundance of species richness but are not
detectable with CORINE data sets. In that sense, it would be interesting to test accuracy of
CORINE for, Icelandic circumstances, as a basis for calculating indices for monitoring
purposes of large areas as Gimona et.al. (2009) investigated in northeast of Scotland. The
advantages of using the remote sensing offered by the NEEDS methodlogy is of vital
importance for a country like Iceland which is sparsly populated. Hence, this is a cost-
effective method which makes it possible to monitor large areas. This study presents an
approach that allows a rough quantification of land use impact but further analysis, such as
comparison of satellite pictures and/or information from more detailed vegetation/land use

maps might be interesting in order to verify the method and its’ ability to predict impacts.
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The following conclusion may be drawn:

- According to the results the construction of the Hellisheidi power plant had
substantial impact on the indicator values for relative species richness of the area
which can be interpreted as a decline of land quality.

- The study site shows much larger changes with respect to decline of indicator
values for relative species richness than the reference areas

- The probability of the observed change occurring at the study site by natural causes
is close to zero.

- Because of Iceland’s unique geology and ecology, the NEEDS method would need

to be verified with Icelandic data and circumstances in mind.

Suggested further research

In order to increase our knowledge of geothermal exploitation’s effect on vegetation, test
spots should be explored before a new geothermal power plant is established and monitor
them regularely. Also, it could be useful to establish a dose-response curve for the
characteristic species in the area, in order to understand how much concentration of
emission compounds local species can tolerate. In this way general insight could be gained

as well as site dependent fate of the vegetation.
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Appendix A: CLC nomenclature

CLC nomenclature compiled from a publication made through Services of the European
Commission - DG AGRI (The European Commission, 2000).

Level 1

1. Adificial surfaces

Level 2 Level 3
1.1 Urhan fabric 1.1.1 Continuous urban fahric
1.1.2 Discontinuous urban fabric
1.2 Industrial, corrmercial [ 1.2.1 Industrial or commercial units
and transport units 1.2.2 Road and rail networks and

associated land

Port areas
Airports
1.3 Mine, dump and Mineral extraction sites
construction sites Durrp sites

Construction sites

1.4 Adificial, non-
agricultural vegetated
areas

Green urban areas

— i [ e S e
B [ 1O O G I [N

3
4
1
2
3
1
2

Sport and leisure facilities

2. Agricultural areas

2.1 Arable land

211

Morririgated arable land

2452

Permanenthl irrigated land

21.3

Ricefields

2.2 Permanent crops

2.2.1

Vineyards

222

Fruit trees and berry plantations

22.3

QOlive graves

2.3 Pastures

23.1

Pastures

2.4 Heterogeneous
agricultural areas

2.4.1 Annual crops associated with

perrmanent crops

2472

Cormplex cultivation natterns

2.4.3 Land principally occupied by

adriculture with sianificant areas

of hatural vegetation

244

Agro-forestry areas

3. Forests and seminatural
areas

3.1 Foreds

311

Broad-leaved forest

31.2

Coniferous forest

31.3

Mixed forest

3.2 Shrub andior
herhaceous vegetation
associations

3.2.1

Matural grassland

322

Moors and heathland

3.2.3

Sclerophyllous vegetation

324

Transitional woodland scrub

3.3 Onen shaces with little
or novegetation

231

Beaches. dunes. sand plains

3.3.2

Bare rock

33.3

Sparsely vegetated areas

334

Burnt areas

3.3.5

Glaciers and perpetual show

4 Wetlands

4.1 Inland wetlands

41.1

Inland marshes

41.2

Peat bogs

4.2 Coastal wetlands

421
422

Salt marshes
Salines

423

Intertidal flats

5. Water hodies

5.1 Continental waters

51.1

Water courses

51.2

Water bodies

5.2 Marine waters

521

Coastal lagoons

522

Estuaries

523

Sea and ocean
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Appendix B: CLC-categories and their
species richness for Central Europe

The following tables contain a list of CLC-categories and their species richness for Central
Europe. The columns indicate which number of species is to be expected in the category,
standard deviation minimum and maximum numbers are also given. The columns also list
up which species may be endangered for extinction in each CLC-category, number of moss
species that are to be expected as well as number of mollusk species such as snails in each
habitat (Koellner & Scholz, 2008).

When looking at the mean and the median — the values are very close, which indicates low
skewedness of the distribution. Standard error is low as well and is similar for all of the
intensity classes. The numbers in each cell are figures that can be used in reference when

studying various habitats elsewhere (Koellner & Scholz, 2008).
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211c Organic arable 10.0 | 0.5 1 1| 15 62 0 0 1]
211d Fibre/energy crops 48 (03 0 1Y 11 a4 0 0 o
211e Agricultural fallow 168 | 05| & 17| 32 139 0.8 - 1 44| - 1 19 | - 1
211f Artificial meadow 11005 & |12] 16 28 0 18 |02 22 |33 |06 ] 23
221 Vineyards 6.7 | 3.1 2 5 16 4 0 ]oe 1 48 | 14| 4
221b Organic vineyards 91 |04 & 2] 17 48 0 0 o
222 Fruit trees and berry plantations | 161 | 20| 10 |16 19 4 0 22 114 4 44 | 06 4
222a Intensive onchards 13.5 | 3.1 7 18] 17 3 0.8 0o 2 19 (06| 2 |37 |13] 3
222b Organic orchards 14 | 53 9 14] 19 2 0 0.6 1 44 119 2
23 Pastures and meadows 168 | 0.7 B 141 35 78 0 2 02 60 |42 | 04| 72
" above 800m 247|109 10 |24 47 86 0.9 03] 2 58| 06| 69 |33 |03] 70
231a Intensive pasture and meadows | 7.2 | 0.6 1 7 an 73 0 26 | 06 3 33| 13 3
231b Less intensive pasture and 75 (04 2 B8 18 104 0 0 o
meadows
231c Organic pasture and meadows 176 | 0.3 2 17 ] 44 727 0.7 01 13 0 o
244 Agro-foresiry areas 212|137 17 | 21 25 2 0 |10.6| 5.0 2 25 | 06 2
245 Agricultural fallow with 208 |07 17 |19)] 25 11 0 0 1]
hedgerows
3 Broad-leafed forest 108 [ 1.0 1 10] 26 3 0.6 0.0 2 73| 07| 30 |81 |09 ] 29
" above 800m 09 |1.2 1 10| 26 26 0|78 |09 25 | 47 | 09| 21
31a Broad leafed plantations 79 |20 4 3] 16 L 0 0 0
31b Semi-natural broad-leafed 9.3 | 04 1 9| 2 1312 0.8 - 1 11 | 01 | 115 1]
forests
32 Caoniferous forest 69 | 1.1 5 [ 10 4 0 |l]oaf29] 3 |82| 22 3
* above B00m 132 |08 2 12] 29 73 0 10206 73 | 37 | 04| 66
M2a Coniferous plantations 6.7 | 0.3 1 [ 18 74 0 58 | 0.7 [ 39 | 04 6
312b Semi-natural coniferous forests | 16.0 | 0.8 4 14| 34 o9 0 9.0 |03 2 47 | 09 2
* above B00m 4|14 15 |29] 33 13 0.8 04 8 0 o
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Spiants Sthreatened plants Smoss mollusks
B E E e A A

g2 ¢ (B8 (512 (2 | |52 |s |5 |8 [ |5 |3
8z g (3|5 |52 |2 |2 (3% |23 g3 |z
313 Mixed forest 99 |06 1 8 | 28 83 0 | 57| 04 73107 | 36

" above 800m 193 |05 3 |19 | 36 223 0 | 90| 06 57 | 05 | 46
313a Mixed broad-leafed forest 126 (11| 9 |14 18 8 0 0
313b Mixed coniferous forest 71 |08 5 7 11 35 0 6.9 | 1.2 3.1 | 00 2
313¢ Mixed plantations 43 |03| 2 4 11 61 0 0
314 Forest Edge 185 | 1.1 1 18 | 40 78 0 0
321 Semi-natural grassland 183 |05| 2 |17 | 49 331 00| 19 | 9.2 | 06 33| 03| 66
322 Moors and heath land 142 | 1.1 5 13| 29 36 0.3 2 |11.1] 09 34 |08 | 21
324 Transitional woodland/shrub 172 |10| 2 |18| 34 60 00| 2 [103] 15 47 [ 1.0 | 13
331 Beaches, dunes, and sand 56 [25| 3 6 8 2 0 16 | 09 19 | - 1

plains
332 Bare rock 87 (09| 1 7| 22 42 1 69 | 06 1.9 | 04 | 18
333 Sparsely vegetated areas 198|114 5 |20 | 42 31 00| 6 |114]| 1.0 24 | 06 | 23
41 Inland marshes 18.0)137| 9 |16| 28 5 02| 3 | 41| 16 94 |23 | 5
412 Peat bogs 72 (02| 1 7| 24 634 0 | 31 - 44 | - 1
511 Water courses 75 [26]| 2 7| 16 5 1 49 | 1.2 17 (07| 3

Total 118|101 0 |10| 49 5581 00| 78 | 6.1 | 0.2 4.2 | 0.1 | 617

Intensity classes
1 Artificial surfaces 94 |03 0 37 481 0.0 7 39 | 04 43 | 06 | 31
2 Agriculture high intensity 58 (02| O 30 524 01| 11 | 1.6 | 0.1 29| 03 | 58
2 Agriculture low intensity 166 | 02| 2 16 | 49 1214 00| 19 [ 91 | 06 33|03 | 70
3 Forestry high intensity 5.7 | 0.2 1 5 18 140 0 58 | 0.7 39 | 04 6
3 Forestry low intensity 11.0(02]| 1 9 | 36 1773 0 | 39|03 6.3 | 04 | 86
3 Non-use 11.1])02]| 1 10| 42 1120 01 ] 15 | 92 | 05 34|04 | 83

Regions in Switzerland

Alps 19.7102| 12 |19 | 33 202 0.0 | 172 0 0

Jura 171104 | 12 |18 | 23 44 0.1 | 33 0 0

Plateau 156 (03| 11 |15 24 104 0.0 | 23 0 0

Above timberline 10.7102| 3 |10| 22 215 00 | 177 0 0

Lakes 05 | 0.1 0 0 1 28 0.1 87 0 0

Worldwide diversity regions

DZ5 (Swiss Plateau) 8.9 13.3

DZ6 (Swiss Alps) 13.3 17.7
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Appendix C: Derivation of Equation 4

Derivation of Equation 4:

Step 1

PDF, * A; + PDF, x A Equation 3
PDF,, = 1 *Aq 2 2 q

ATOTAL

where A represents the area that shows changes and AroraL stands for the whole area
(10x10 km). This equation displays a weighted average of PDF for each area and is done
for both 2000 and 2006 data.

Step 2
In order to estimate change in PDF for whole areas (10x10 km)
Equation 2 is used to derive Equation 4:

APDFH = PDFZH - PDFlH

~ (PDFZl x A, + PDF2, x A2> (PDFll x A, + PDF1, Az)

ATOTAL ATOTAL

(PDFZl x A, — PDF1, x A, + PDF2, = A, — PDF1, x Az)

ATOTAL
Aq

ATOTAL

TOTAL

A
(PDF2, — PDF11)> + <A 2 (PDF2, — PDF12)>

Ay A;
(PDF2; — PDFL) |+ & (PDF2, — PDF1,)

ATOTAL TOTAL

Aq Az

APDFI) + ( APDF2>

ATOTAL TOTAL
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