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Environmental factors — Objectives and results

Old sins

In Landsvirkjun’s (Energy Division) environmental report for the year 2006, projects that belong to the past were
documented thoroughly. Since these projects have not been worked on in 2007 and 2008, a reference is made to

the environmental report for 2006.

Roads and trails under Landsvirkjun‘s supervision

In recent years, an effort has been made to identify roads and trails that were made in connection with the
construction of Landsvirkjun‘s power stations. To make the identification more systematic, the Icelandic Road
Administration has issued special road numbers for Landsvirkjun‘s private roads. Parallel to that, a decision has
been made to close all roads and trails that are no longer used in the daily operations of the power stations. The
Road Administration has also taken over several roads. In table 28, information is provided regarding the total
length of roads and trails as well as information on roads that have been closed or are planned to be closed.

Table 28. Total length of roads and trails that relate to Landsvirkjun‘s energy production.

Roads and trails BLA MYV SOG THIO
Total length 11.7 km 24.4 km 5.00 km 227.10 km
Unnessary today 1.4 km 0 km 0.21 km 70.83 km
Closed 2004 0.9 km 0km 0.15 km 8.41 km
Planned 0.5 km 0km 0.06 km 62.42 km

Environmental mishaps

Two environmental mishaps were recorded in the year 2008. They were due to deviations in reservoir
management, one in the Sog area and the other at Laxar station.

Operation without environmental accidents — Success of 2008

Two deviations were recorded in 2008. See chapter on Reservoir management on page 22.
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Summary

Energy production, its utilisation and environmental effect have rarely been as important as now. An emphasis is
put on utilising renewable resources for energy production to reduce environmental impact, in particular
greenhouse effect. Iceland’s situation regarding energy use is very unusual since almost 82% of all energy used in
the country is domestic and from renewable resources (based on the year 2008). Of the 82%, approximately 20%
came from hydropower and 62% from the utilisation of geothermal energy. Imported energy sources
represented approximately 18% of total energy use, 16% oil and 2% coal. Greenhouse gas emissions per unit
energy used in Iceland is therefore very low compared to other countries where coal, oil and natural gas are used
for electricity production and heating.

Landsvirkjun‘s energy production in 2008 was 12,345 GWh, which represents 75% of Iceland’s total energy
production. Just over 96% with hydropower and 4% with geothermal from the Krafla area.

Landsvirkjun has a certified environmental management system in accordance with the international standard
ISO 14001. This means Landsvirkjun has established an environmental policy and evaluated in detail the
environmental effects of the company’s operations. Landsvirkjun also controls and monitors important
environmental factors in its operations and establishes objectives to reduce its impact.

In Landsvirkjun‘s Environmental Report for 2008, a detailed discussion is provided on important environmental
factors that relate to the company’s operations, but they are a total of 20. Better utilisation of natural resources
and decreased greenhouse gas emissions are among Landsvirkjun’s environmental objectives. To achieve these
objectives, the use of the geothermal resource is monitored and its utilisation controlled to minimise the risk of
overutilisation. The arrangement of utilisation and distribution of the water resource is also well defined and
controlled to avoid negative impact to soil, ecosystems and society.

In 2008, 5,986,000 tons of steam and 5,805,000 tons of water were used to produce 477 GWh. This is a
considerable increase in water usage from previous year, but somewhat less when steam is considered. Primary
reason lies in the fact that the enthalpy of boreholes has been decreasing which generates more separation
water. Work continues in increasing reinjection of separation water into the geothermal reservoir in the Krafla
area, but with reinjection it is possible to reduce the environmental impact associated with energy production.
The percentage increase of reinjections has increased by 6.8% from previous year when total quantity is
considered but by 20.2% when unit energy produced is considered.

In Landsvirkjun‘s operations, fossil fuels are used for vehicles and various equipment. Qil is also used in the
operation of several diesel generators. Total usage of fuel has increased between years. The increase can be
explained by the use of vehicles and equipment connected to the addition of the Fljétsdalur power station. Fuel
usage per unit energy produced has reduced significantly in the last three years which can also be related to the
addition of the Fljétsdalur power station, which produces 38% of Landsvirkjun energy with very little use of fossil
fuels.

Since 1968, Landsvirkjun has taken part in extensive land reclamation projects in the vicinity of its power stations
and at other locations. Landsvirkjun’s land reclamation involves fertilising, seeding of grass on sparsely vegetative
land and planting of trees. Quantity of fertiliser and seeds used and number of planted trees varies between
years. The land revegetated by Landsvirkjun so far has an area of approximately 127 km® (12,677 ha) and was in
many cases initially often sparsely vegetated. The size of the revegetation area increased by 11 ha in 2008.
Annual carbon binding of Landsvirkjun’s revegetation and forest areas is estimated to be approximately 20,100
tons CO, in 2008, or approximately 1,500 tons CO, greater than the year before.

Landsvirkjun‘s energy production causes specific amounts of chemicals to be released into the atmosphere. This
refers to emissions due to the burning of fossil fuels, air travel and emissions that relate directly to the energy
production, for example greenhouse gas emissions from reservoirs and release of steam from geothermal power
stations. Approximately 61% of the total greenhouse gas emissions (measured as CO, eq) are due to geothermal
power stations and 37% to reservoirs. Emissions due to the burning of fuel for air travel, vehicles and equipment
represent 2% of total greenhouse gas emissions.

Landsvirkjun’s carbon footprint for 2008 is 55,500 tons CO, eq or 4.5 tons CO,/GWh. When the carbon footprint
is compared to Landsvirkjun’s total energy production we see it has decreased by little more than 19% from 2007
and by 44% from 2006. The most important factor is the fact that energy production from geothermal power
stations, as part of Landsvirkjun‘s total energy production, has decreased by 37% as compared to the year 2007
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and by 58% when compared to 2006. Significant difference exists between the carbon fooprint of geothermal
power stations and hydropower stations. The carbon footprint of Landsvirkjun‘s geothermal power stations is
little less than 96 tons CO,/GWh while the carbon footprint of hydropower stations is approximately 1 ton
CO,/GWh when carbon binding is taken into account. It should be kept in mind that greenhouse gas emissions
from geothermal power stations are, to some extent, naturally occurring emissions because carbon dioxide and
other greenhouse gases are not formed during the energy production but rather in the magma chamber under
the harnessed area. When Landsvirkjun’s carbon footprint is compared to the World Energy Council’s reference
values for greenhouse effect of energy production with fossil fuels, it can be seen that the greenhouse effect of
burning coals is approximately 200 times greater than hydropower and 9 times greater than geothermal.
Greenhouse effect of energy production with natural gas is estimated to be approximately 100 times greater
than hydropower and 5 times greater than geothermal. Emissions from Landsvirkjun’s geothermal power stations
are similar to World Energy Council’s values but considerably lower from hydropower stations. This is discussed
in more detail in Landsvirkjun’s emissions inventory report for the year 2008.

Condensed and separation water from the geothermal power station at Krafla is both disposed off on the surface
and partly reinjected into a 2,000 m deep borehole that is located to the west in the operation area.
Environmental risk associated with the release of condensed and separation water at Krafla and Bjarnarflag is not
considered to be significant due to major groundwater flows in the area. Research and measurements have
shown that concentration of heavy metals in the discharge is well within reference limits when the water reaches
Lake Myvatn. As is common in geothermal areas, arsenic is the only trace element that is detectable in
environmental group lll (probable effect on sensitive ecosystems). Other chemicals that are detected above the
reference limits are in lower environmental groups. Work continues to systematically increase the reinjection of
separation water at Krafla but reinjection prevents the release of heavy metals and other chemicals into surface
waters and, therefore, reduces the environmental effect of geothermal power stations.

One of Landsvirkjun‘s environmental objectives is to reduce the generation of waste, increase the recycle rate
and increase the percentage of waste that can be reused. Hazardous materials and general waste is sorted at
Landsvirkjun’s operation areas. The level of sorting varies between areas and is contingent upon the
municipality’s ability to receive and treat the waste. Hazardous materials are generated when toxic and
dangerous materials become waste. At all operation areas, hazardous materials are collected in special
containers and returned to authorized waste facility.

Total quantity of waste from Landsvirkjun’s operations in 2008 was considerably higher than in 2007. The primay
reason is the fact that the quantity of waste was, for the first time, recorded for all operation areas. Landsvirkjun
has established a goal of increasing the recycling rate and the percentage of waste that can be reused. Figures
from 2008 show that the rate of recycling is well above the established recycling goal at most power stations. The
recycle rate at the power stations is in the range of 32-100% and the average recycle rate for all stations is 80%
which is an increase of 5% from 2007. Total quantity of hazardous materials has decreased by 38% as compared
to 2007 and by 59% when compared to 2006. The quantity of organic hazardous materials and batteries has
increased between years, but the quantity of other types of hazardous materials has decreased.

The main source of noise from Landsvirkjun’s operations is geothermal energy production at Krafla and
Bjarnarflag. This is noise from machines and equipment and release of steam into the atmosphere. The sound
pressure level is, to some degree, contingent upon weather conditions and the operations of the power station
at any given time, i.e. whether boreholes are being flow tested and the number of turbine generator units in
operation. The entire operation area at Krafla and Bjarnarflag is defined as an industrial area, but in industrial
areas the reference limit is 70 dB(A) according to Icelandic noise regulations. The sound pressure level at Krafla
and Bjarnarflag is measured annually at specific locations. The sound pressure level exceeded the specified
allowable limit at 7 measuring locations out of 36.

Two environmental mishaps were recorded in 2008. They were due to deviations from reservoir management,
one in the Sog area and the other at Laxar station. Further information regarding environmental mishaps can be
found in the chapter ,reservoir management”.
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