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1. Sjalfbeer proéun (SD)
 Markmid
* Visar (indicators) — Commission for SD

2. Sjalfbeer orkuproun (SED)
* Markmid




Sjalfbaer proun

“ Proun er sjalfbeer pegar porfum
samtidarinnar er maett an pess
ad skerda moguleika komandi
kynslooa til ad uppfylla sinar
eigin parfir."

Brundtland Nefndin
“Our common future” 1987

Tekur til préunar; leioir til
aukinnar velferdar (wellbeing)

OUR

COMMON

FUTURE

THE WORLD COMMI3510N
N ENYIRONMENT
1] LOPFSIENT




prjar viddir sjalfbeerrar
pbrounar

Askorun: Ad na jafnveegi & milli hagreennar préunar og
felagslegra og umhverfislegra markmida.

AEskilegt ad na markmioum i 6llum viddum samtimis

Umhverfisleg
markmio

Hagreen
markmiod

Félagsleg
markmio




En hvert er markmio sjalfbaerrar
rounnar?




Yfirmarkmio

A0 studla ao aukinni velferd/velseaeld
(human well-being) til framtidar

Undirmarkmio — eoa skilyroi tengd
viddunum premur

Sjalfbaer proun verkfaeri til ad tryggja
velfero til framtioar



Hagraena viddin:
markmio

Ad viohalda framleidslu vara og pjonustu
(viohaldio pjodarframleioslu) a hagkveeman
hatt

Ad vidhalda atvinnustigi

Ad viohalda vioradanlegri steero rikisvaldsins og
stadid undir skuldum riksins.

Varast einsleitni (avoid sectoral imbalances).

Vidhalda manngeroum aud (man-made capital)



Umhverfis viddin:
markmio

Ekki losa meiri mengun eda urgang ut i
umhverfio en nattiran getur raoio vio.

Ekki nyta meira fra enduryjanlegum auolindum
en paer geta viohaldio.

Adeins nota dendurnyjanlegar audlindir ad pvi
marki ao fjarfest sé i endurnyjanlegum
audlindum a sama tima.

Viohalda natturuaud (natural capital) og ekki
ganga a pjonustu natturunnar.



Félagslega viddin:
markmio

Jofnudur
Jafnreétti
Fullneegjandi adgengi ao felagslegri pjonustu

svo sem heilbrigdispjonustu og mennntun.
Lyoraedi

patttaka almennings

Vidhalda mannaud og féelagsaud (human and
social capital)



CSD visar fyrir SP (2002)

Notadir til ad meta hvort

vio erum ao fylgja Sb Indicators of >
5 kki Sustainable Development: =
€oa EKKi Guidelines and Methodologies

Margvioir visar (audvitad
til einvidir svo sem
EF, og GPI)

58 visar valdir
3 viddir

Themu og undirthemu




Visar CSD

CSD framework

Dimension Theme Sub- Indicators
Theme

Social

Environment
al

Economic

Institutional




CSD nytt safn visa 2007

50 visar sem eiga vio alla —
Oll 16nd; stydur margvida
eiginleika hugtaksins. Ss.
ekki n6g ad auka
hagvoxt.

46 visar sem eru vlkv,ae_éir |




2007 framework

Core indlcator

Shara of housshalds

without alecricty or
othar madam anargy
SAriCeEs

Difer indicator
Porcenitaga of
population using
solid fuals for
coeking

Sub-tfwme

Vulnarability to
nahsal hazards

Core indicator
Percentaga of
population lfving in
hazard prons areas

Liwing conditions

Proportion of wban
population living in
slurre

Cormuption

Parcentage of
population having paid
bribas

Disastor
preparedness and
Tasponse

Human and
woonomic boss dua o
natural disastars

Oimata change

Carbon diowida
EMHESINS

Emissions of
graanheusa gases

Number of intentional
homicidas par 100,000
population

Orono lagar
daplaticn

Comsumption of coona
daplating substancos

Under-five
meortality rabe

Life axpoectancy
at birth

Haalthy lifa
expactancy at birth

Air quality

Ambiant concentration
of air pollutants in
urban aroas

Parcent of population
with access to primarny
haalkth care facilities

Contracegtive
prevakne e

Land uea and status

Land usa changa

Land degradation

Immunization against
infectious chidhood
disgases

Dasertification

Land affected by
desartification

Nutritional status

Nutritional status of
childran

Haalth status and
sk

Morbichty of major
disaases such 2
HNFAIDS, malana,
tuberculosis

Suicida rate

Aericuitura

Arabla and permanant
cropland anea

Fartilizor uzg
affidency

Uss of agricultural
pestidides

Hrea under onganic
farming

Groes intaka ratiota
last gradke of prmary
education

Lifa lang learning

Mat anrolmant rate in
primary education

Adult secondary
[tartiary) schooling
attainmant lavel

Proportion of land araa
oowared by forasts

Parcant of forast
treses damaged by
defoliation

Area of foret under
zustainablo forast
mansgamant

Adult literacy rabe

Coastal aona

Percentaga of total
population lfving in
roastal areas

Bathing watar
quality

Population
growth rate

Tetal fartility 2t

Dapendancy ratio

Proportion of fish
sbocks within safa
biological Emits

Ratic of local
rasidants io
towurists inmajor
tourist regions and
dastnations

Marina environmeni

Proportion of marina
arua probacted

Maring trophic indax

Hirea of coral resf
ecosystames and
percentage e
cover




Gore indicator

Proportion of total
wiator nasouras usad

2007 framework

Water usa inbensity by
eConmic activity

Other indicator

Gross domestic
sapenditure on RED
as a percant of GOP

Presance of fagcal
oolifiormres in freskraater

Biochamical avygen
demand inwater
bedies

Toarism contribution
to GDP

Washewatar
trastmant

Proportion of kemestrial
ansa protected, total
and by ecological

Tegion

Managemant
affectivaness of
proteched ames

Arna of saleched kay
erosyshams

Fragmantation of
habitats

Cusrant acoount dafict
& parrantaga of GOP

Share of imports
from devaloping
coumntries and from
LD

Avoraga tanff
bamier imposad

on exparts from
developing countrias
and LDCs

Thange in threat status
of spadies

Abundanca of
salected koy spocies

Abundanca of
invasive alion spedss

Gross domastic
peoduct (GDF) per
capita

Gross saving

External financing

Nat Official
Davelopmant
Asustanca (DDA
given or recaived as 2
parcantags of GHI

Foreign direct
rwastnant FOI)
niat inflows and
nat outflows as
parcentage of GOP

Remittances 2
parcentage of GNI

Irvastmant shara in
GOP

Adjusted net savings
& pertentage

of grass national
incoma (N

Material consumption

Matarial intansity of
the: aconomy

Domeastic matarial
consumption

Inflation rata

Sustainabla
paublic financa

Dbt to GHI ratio

Employmant

Employmant-
population ratia

Vulnarabla
employmant

Lahor productivity and
unit [abor costs

Enargy usa

Annual ansrgy
onsumption, total and
by maini umer category

Sharo of renowabla

STy SOUTCES in
todal enargy usa

Intansity of ansargy L,
total and by economic

actiwity

Shara of womanin
wage employment in
tha non-agricultural
sacior

Intemat umars
par 100 population

Fixad tokphons
nes par 100
population

Wasta genaration
and managemant

Ganaration of
hazmardous wasta

Ganaration of wasta

Waste trestmant and
iz pcecal

Manzgemaent of
radioactive washe

Mobila collular

per 100 population

Transportation

Modal split
of passangsr

tramsportation

Miodal splitof
fraight transport

Energy intensity of
ftrareport




Margvitt hugtak

Askorun: Ad né jafnveegi & milli hagreennar

prounar og félagslegra og umhverfislegra
markmioa.

AEskilegt ad na markmioum i 6llum viddum
samtimis

Heegt ad nota visa i multi-criteria analysis

NB: margir aorir visar til — einvidir (EF), Visitolur
margskonar (GPI, EPI).



Orka og sjalfbaer proun

z ol
hatutional Dimension

Instiutiorad Slate

Imgect ¥om
Energy Sector

Dviving Forcas from Enargy Seakor
of Ecomomic Dimercion

Fig. 2 Ihterlations betwean sustainabizy dmansions of the anargy system.



Orka og sjalfbaer proun (SP)

Orka skiptir gridarlegu mali i 6llum viddum Sb
Drifur hagvoxt
Energy “causing” GDP (growth of nations) and vice versa

Forsenda lifsgaeda

Lifskjaravisitalan (HDI) natengd adgengi ad hagaedaorku.
Leidir til umhverfisahrifa
Loftslagsbreytingar, surt regn, vatnsmengun, loftmengun

=> Skiptir mali i 6llum viddum Spb



Orkunotkun og prounarvisitalan (HDI
-Langlifi (eda life
expectency)

-Pekking (a. laesi
fulloroinna, b.
Meodalarafjoldi i skola)

-Standard of living

-http://ndr.undp.org

Source: WEA Update



Sjalfbaer orkuproun (SED)

par sem orka hefur ahrif a allar viddir
SP, pa hefur préun orkukerfa eftir
logmalum sjalfbaerrar prounnar forgang
ef takast a ao feera heiminn i att ad

sjalfbeerni. (Malkina-Pykh et al.
2002)



Sustainable Energy Development

Defined as “the provision of adequate
energy services at affordable cost In
a secure and environmentally benign
manner, in conformity with social and
economic development needs’
(IAEA/IEA 2001)



Sustainable Energy
Development

“Improving access to reliable, affordable,
economically viable, socially acceptable
and environmentally sound energy
services and resources, taking into
account national specificities and

circumstances through various means
such as enhanced rural electrification and
decentralized energy systems, increased
use of renewable energy, cleaner liquid
and gaseous fuels and enhanced energy
ggﬂggncy.” (Johannesburg declaration



Einkenni orkukerfa sem studla ao

Endurny;

valran

Framleio

skilvir

Hagkvaem og hefur

jakvaed hagraen ahrif

Tryggja orkuoryggi

(secure and resilient)

SP
anleg eda  Jafnreesi i
egar orkulindir adgengi(accessible,
d og notud & available and
«an hatt affordable)

Jakvaeo félagsleg ahrif
og felagsleg satt

Lagmorkun
umhverfisahrifa



Energy indicators for SD

(IAEA, IEA 2001 og 2005)

Social
Theme Sub-theme |Energy Indicator Components

Equity Accessibility  [SOCT | Share of households Households {or population)
{or populat without electricity or
without electncity or commercial enerey, or

1al ensriry, heavily dependent on non-
or heavily dependent commercial energy
on non-commercial
eTIETEY

Total number of households
or population
Affordability [S0C2 | Share of household Household income spent on
income spent on fuel fuel and electricity
and electricity

Disparities WOC3  Household energy ; use per household

use for each income Income group
group and corre- (guintiles)
sponding fuel mix

Household income for each
moome group {guintiles)
Corresponding fuel mix for
cach income group
[guintiles)

Health Rafety W04 Acceident fatalities Annual fatalities by fuel
per energy produced chain

by fuel chain Annual enerpy produced




Economic
Sub-theme Components
Use and (0 : Enerpy use (total prmary
Production [ cnergy supply, total final

P ] consumption and electricity
use)

Total population

Energy use (total primary
unit of GOP EMeTy
CONSUMpLion ane
1

Production 0 Rese f overnble reserves

¢ production

Enerpy use in indus s
and by manufacturing branch
Corresponding value added

Agrricultural

ETETEY

intensiti

comr
Corresponding value added

¢ use in ho
omd use

AL, PeTs
appliance ow

womne-km freight and by mode




Economic

Sub-theme

Diversification

(Fuel Mix)

Energy Indicator

ECO11

Fuel shares m
enerEy and
electricity

Components

Primary energy supply and
final consumption, electricity
peneration and generating
capacity by fuel type

Total primary energy supply,
total final consumption, total
electricity peneration and total
penerating capacity

ECD12

ECO13

Mon-carbon
enerTEy share In
eneriy and
electricity

Renewable
eneriry share in
enerEy and
electricity

Primary supply, electricity
peneration and generating
capacity by non-carbon
ETIETEY

Total primary energy supply,
total electricity generation and
total penerating capacity

Primary energy supply, fnal
consumption and electoicity
peneration and penerating
capacity by renewable energy
Total primary enerey supply,
total final consumption, total
electoeity peneration and total
generating capacity

Imports

ECO14

ECO15

End-use energry
prices by fuel
and by sector
Met enerpy
impart
dependency

Enerpgy prices (with and
without tax/subsidy)

Enerpy imports
Total primary enerey supply

Stratepic Fuel

Stocks

ECO16

Stocks of
critical fuels per
corresponding
fuel
consumption

Stocks of critical fuel (e.g. oil,
pas, etc.)

Crntical fuel consumption




Theme

Atmosphere | Climate
Change

Adr Quality

Water Water Quality

So1l Quality

Management

emissions from
energy systems

liguid effl

from ene

Rate of
defor
atinibuted 1o

ETETEY WsE

waste
generation to

perly
of to

energy produce:

s from energry
on and use

om and

trations of pollutants

Adr pollutant emi

Contarninant disc
ligquid efflue

Affected soil area

Critical load

area at two different
times

Biomass utili

Energy produced




Environmental
Components

EXYI0 i - Amount of radicactive waste
awaiting disposal

tawmiing | Total volume of radicactive
al waste
penerated solid
radioactive
wasle




GSAP visarnir

Meta hvort orkukostir tengdir
jarovarmavirkjunum stuola ao sjalfbaerri
pbroun

Verio préadir med patttoku almennings a
Islandi, Nyja Sjalandi, Kenya sem og
nemendum UNU skolans

Ruth Shortall doktorsnemi vid Hi



Struktur

Sustainability Goal

JRRER -|Iru:|icar.n:| r

Indicator

Indicator

Indicator

Indicator

‘Ir‘udir:.ar.n:lr Indicator

Indicator

‘Ir‘udicam {

Ll

‘Ir‘udir_ﬁar.n r

Core Sustainability Indicators

Optional Indicators




GOAL 1 - Renewability

In order to ensure that a geothermal resource remains replenishable, sustainable production should be the goal in
all geothermal projects.

GOAL 2 - Water Resource Usage

Water usage of a power plant must not reduce supply of cold fresh water to communities nearby.

GOAL 3- Environmental Management

A geothermal resource should be managed in such a way as to avoid, remedy or mitigate adverse environmental
effects.

GOAL 4 — Efficiency

Geothermal utilization shall be managed in such a way as to maximize the utilization of exergy available where
practical at sustainable production levels. The desired maximum efficiency for electricity generation should be
based on the theoretical maximum efficiency for converting heat to electrical energy (Carnot efficiency).

GOAL 5 - Economic Management & Profitability

Energy use from geothermal power and heat plants must be competitive, cost effective and financially viable.
The financial risk of the project shall be minimized. The project should carry positive net national and
community economic benefits.

GOAL 6 - Energy Equity

The energy supplied by the geothermal resource is readily available, accessible and affordable to the public.

GOAL 7 - Energy Security & Reliability

The operation of geothermal power and heat plants shall be reliable and prioritize the security of supply.

GOAL 8 - Community Responsibility

The power companies should be responsible toward the community and the effect of the utilization of the
geothermal resource shall be as positive for the community as possible and yield net positive social impact.

GOAL 9 - Research and Innovation

Power companies shall encourage research that improves the knowledge of the geothermal resource as well as
technical developments that improve efficiency, increase profitability and reduce environmental effects.

GOAL 10 - Dissemination of Knowledge

Information and experience gained through geothermal utilization shall be accessible and transparent to the
public and the academic community alike while respecting confidential intellectual property rights.




Daemi

Félagslega viddin

Average Income Levels in Project-Affected Communities
(metric: Dollars per annum)

Percentage of community residents that must be relocated due
to energy project (metric %)




Daemi

Umbhverfis viddin
Air quality in the surrounds of the geothermal power plant

Water Quality of water bodies impacted by geothermal power
plant operations

Noise levels in working, recreation and residential areas in the
surrounds of the geothermal power plant (metric: dB)

Impact on important or vulnerable geothermal features (metric:
Value of predefined impact parameters)

Estimated productive lifetime of geothermal resource (metric:
NCES))



Daemi

Hagraena viddin

Cost per MW of power produced compared to price per MW from
other sources (metric: ratio) Project internal rate of return
(IRR) (metric: rate)

Utilization efficiency for the geothermal power plant (metric: %)

Direct and indirect local job creation over lifetime of project
(metric: Mo. full-time employees per year)

Economic diversity of project-impacted areas (metric: Adjusted
Shannon-Wiener Index (%))

Duration of Plant Power Outages per year (metric: Use hours of
unplanned interrupted service)



Lokaoro

Verulega mikilvaegt ad vio tokum
skynsamlegar akvardanir pegar kemur
ao vali orkukosta

Mikil fjoldi visa til sem geta hjalpad vio
slikt mat

Veroa ad vera metnir i fjolviou mati, par
sem ahrif & umhverfi, samfélag sem og
hagraen ahrif



Hver er stada Islands?

Fjallad var um umhverfislega sjalfbaerni Islands i greininni Measuring
countries’ environmental sustainability performance — A review and case study
of Iceland, sem birt er i Renewable and Sustainable Energy Reviews
(Olafsson, Cook, Davidsdottir, & Johannsdottir, 2014).

| greininni var mat lagt & umhverfislega sjalfbserni islands med pvi ad stydjast
vid 4 umhverfisvisitolur (e. indices) sem hafa verid notadar til ad bera saman
umhverfislega sjalfbaerni landa.

Visitblurnar voru; Ecological footprint; Environmental performance index;
Environmental vulnerability index og Happy planet index.

Nidurstoournar leiddu i ljos:
» afar misvisandi nidurstédur pegar kom ad stédu Islands hvad vardar
umhverfislega sjalfbaerni.
« ad enginn peirra visa sem skodadur var virtist n4 neegilega vel utanum
stodu umhverfislegrar sjalfbserni & Islandi.



Yfirlit yfir visana sem metnir voru

« Environmental vulnerability index

- Metur hversu berskjaldad “vulnerable” umhverfi hvers lands er gagnvart

ymsum ognum og er meelikvardinn byggdur a 50 umhverfisvisum;
- Likur a oveorum, likur a eldgosum, steerd lands undir eda nalaegt
sjavarmali, % lands sem er illa fario, fjoldi bifreida etc.

- Metur mdgulegar umhverfistengdar ognir og ahrif & hagseeld

- Hugtakio “vulnerability” ekki naeglega vel skilgreint, sem og hvada tap a
umhverfisgeedum sé ovidunandi.

 Environmental performance index
- Byggir & 25 umhverfistengdum visum sem meta bera saman stodu
umhverfismala milli landa innan 8 vidda
- % fiskistofna ofveiddir, adgengi ad hreinu vatni, losun GHL per kwh
- Visar metnir med tilliti til naleegdar vid almenn viomid “proximity to target
- Tekur til margra patta umhverfislegrar sjalfbaerni, en nidurstadan byggir
algerlega a pvi hvort viomid seu videigandi



Yfirlit yfir visana sem metnir voru

« Ecological footprint - vistsporid

ToOlulegt mat a alagi vegna neyslu pjodar a vistkerfi heimsins;

pad er, hversu mikinn hluta af framleidni jardarinnar nytum via til
neyslu.

Ageet visbending um alag vegna neyslu, en tekur ekki til alls alags a
umbhverfi t.d. vegna uppblasturs.

 Happy planet index

Er byggt a hlutfalli & milli vistsporsins og velferdar, par sem velferd
er meeld a pvi hversu lengi folk lifir og hversu folk er anaegt mead lifid.
Hér er skodad hvort steerra vistspor leidir til pess ad folk se
anaegodara med lifid - og pa hversu mikid vistsporid ma leekka an
bess ad skerda lifsanaegju.



NidurstOdur visa

Umbhverfislegur Umbhverfisleg Vistfredilegt Hamingjusém j6rd
veikleiki (e. frammistada (e. fotspor (e. Happy planet

Environmental Environmental (e. Ecological index)

vulnerability index) | performance index) footprint)

Veik stada Godur drangur, Mjog sem nidurstada Slok nidurstada
lekkun fra 2010
*Sigurdur Eyberg Johannesson (2010) Vistspor Islands, meistaraprofsritgerd fra Verkfraedi- og

d .
Heimild: (Olafsson o.fl., 2014)

*pessi misvisandi nidurstada syndi hversu gridarlega olikir visarnir eru
*Taka sumir hverjir ekki & helstu umhverfisvandamalum Islands



