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The emerging field of sustainability science recognittes important role of technologies in reaching t¢beditional goals of
sustainable development. Research in sustainathed®gies requires transdisciplinarity to deternihe resilience, adaptive
capacity, and complexity of social-ecological sgsteto assess the potential of such technologieméweasing the carrying
capacity and improving the resilience of sociallegmal systems, or to assess the resilience oteblenological system to
demands from the social-ecological systems. Thiepatroduces a model to prioritize assessablasability performance
indicators to manage alternative energy technoofgifowing the principles of sustainability sciend@he model is based on the
Kolb learning cycle, and thereby acknowledges tfital weed for continual interaction between diffdéreentities and
components of typical social-ecological systemsemhspecific technologies are to be introduceduriderstand the key
interactions within the sub-systems, also termddris) that need to be assessed. The model is daaaswith a case study in
a rural village of South Africa, where an integthgdternative energy technological system was impleted. The application of
the prioritized indicators is compared with thegeéved overall performance of the technologicateys The study confirms
that an increased understanding of the principlesustainability science may improve the assessroérgustainability
performances of alternative energy technologictrirentions during the design stages of the tecyyolife cycles. Further
research is required to adapt conventional teclgyadssessment methods and metrics; recommendatiemsade accordingly.
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Introduction

The World Commission on Environment and Developm®&WCED, 1987) has described key conditions to

achieve sustainable development. These conditiens a

» Economic growth that is significantly greater thmopulation growth;

* Population size and growth that are in harmony tithchanging productive potential of the eco-syste

» Changes in the exploitation of resources, directibmvestments, orientation of technological depehent
and institutions that are consistent with futurevadi as present needs; and

» Equitable access to resources so as to enablé gomigh.

The role of sustainability science (Kates et aDPD) to address the exceptional challenge to nieeget
conditions in the sub-Sahara Africa region has beeted (Burns et al., 2006; Kates and Dasguptay 200
bringing practical solutions to sustainable devedept problems requires a transdisciplinary knowéetgse
and a holistic management approach (Klein, 200Ag Mew Partnership for Africa’s Development (NEPAD,
2005), adopted at the African Union Heads of St&@smit in Lusaka, Zambia, in July 2001, recognithes
for sustainable development to take place, rurdl @ban communities should have access to innovatioat
accelerate development and provide new and efeesilutions compared to those utilized previously.this
end, NEPAD aims to develop fully the available ggyeresources and to promote innovative, competitive
equitable and sustainable energy systems for v@rgmonomic and social sectors across the contifidm.
NEPAD initiatives highlight the crucial role of temology for the sustainable development of theargfor
long-term research much emphasis is placed omatiee energy technologies (AETS).

Conventional research in AET systems addressesafoedtal and applied knowledge for the problems of
sustainable development. These include the conadrtise efficiency of energy conversion from altsine
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energy sources and the efficiency of utilizationnask, access to energy for development, and ttecten of
global warming emissions (Kaygusuz and Sari, 2088ccess with these technical concerns is not énasg
they do not address the complexity of social-edoligsystems, i.e. the interactions between syst@imsutsos
and Stamboulis, 2005). Sustainability science rezeg the negative and positive feedback loopscitsal
with social-ecological systems and technology (idgliet al., 2002), and the role of technologickd tycles to
enhance the sustainability of complex social-edoklgsystems, i.e. concentrating on the designesfads and
systems to produce more social good with less enmiental harm (Kates, 2000). This paper subsequentl
investigates how the understanding of the prinsipiesustainability science may lead to the bettenagement
of technological systems. Specifically, the papmubes on the implementation of AET systems initicawl
communities in remote areas of Africa; energy istinacture in remote villages is a key constrairid¢hieve the
Millennium Development Goals (MDGSs) in sub-Sahaiédiica (Sanchez et al., 2007).

Technology life cycle management and associated &vated systems

Technology is a way or ways of carrying through aepnomic purpose, and may be embodied in products
and/or processes (Schilling, 1998). Technologieg exést as pure method or pure information; or they be
embodied in physical plant or machinery. Technolognagement (TM) addresses the effective identidina
selection, acquisition, development, exploitation @rotection of technologies, in the form of protiyprocess
and infrastructure, which are needed to sustairtonepetitive advantage of regional sectors in ataoce with
the sector, regional, national and internationatanable development objectives (Brent and Piatp2008).
The TM process is conceptualized in Figure 1, itk of which are provided elsewhere (Brent aretd?ius,
2008). TM commences with idea generations, wheiidegs enter the wide end of a funnel and are then
screened along the funnel using scientific and rexeging performance criteria with the objectiveidentify,
select and economically exploit innovations (Whegjtt and Clark, 1992). The first screening phat¢he
funnel, i.e. pre-feasibility and feasibility, oceuthrough a formal research and development (R&B)clycle
with idea, assessment, research and scale-up paadeassociated decision gates, which are typic&®&D
institutions (Swasdio et al., 2004). The final R&®cision is to commence, or not, with the develamme
implementation and exploitation (DIE) of the R&Dtput (Roelofse and Pretorius, 2003). Many tools and
methods are applied in the DIE phases to suppaihbss-oriented decision gates to optimize and nmagithe
return on innovations (Roelofse and Pretorius, 2008rough the market uptake cycle (Nieto et #98) many
different technological life cycles are associatgtth the innovation (Labuschagne and Brent, 2008) the life
cycles of process and physical assets that manuéacot produce products and/or services, and fiheycles of
the products and/or services themselves. A holigtiderstanding of the sustainable development aafidins
during the market uptake cycle of innovations iguieed during the pre-feasibility and feasibilithgses of the
technology life cycle. Therefore, during these misasadaptations of conventional technology assessme
approaches (Pretorius and de Wet, 2000) are negessha number of statements have been made egtrds
to the ongoing development of relevant performanetrics (Geisler, 2002 in Brent and Pretorius, 3008
» Technology is not judged by its existence alone,isids mere existence a sufficient condition $accessful
usage.
» We cannot evaluate technology unless and until weitgn the context of social (and environmentatd
economic phenomena.
» Technology is not defined and evaluated by wha,ibut by the criteria outside itself — by its wadtand
potential users.

It is suggested, from literature (Brent and Premri2008), that the principles or theories of snataility
science, and associated sustainability assessnethbdologies (Singh et al., 2009), can be the fatiod for
the development of such performance metrics (sger&i2 and Table 1) and thereby improve technolifgy
cycle management practices in general. The focuduither investigation was how this generalizatioay
manifest in and improve the management of altereatnergy technologies (AETSs), specifically in the
traditional communities of remote areas of Africa.
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Sustainability Science

Sustainable Technology
Life Cycle Management

Challenge To extend sustainability science theory into practice. To incorporate sustainability science theory into
p| technology and innovation management practices,
and associated tools, for technological systems.
To promote understanding of the state of resilience To promote understanding of the potential responses
Objective and transformation potential of selected, potentially of selected social-ecological systems to technological
vulnerable, social-ecological systems affected by the p| systems and innovation strategies, interventions and
transitions of such systems. management practices in Southern Africa.
Opportunity To link to the region’s social development priorities. To link to the infusion of new technologies into the
»| region, which are believed to be key long-term drivers
for socio-economic development.

Competencies

Established profile in the science of conservation
planning, water resource management (and related
policy development), integrated regional planning and
urban settlement analysis, and environmental

assessment.

A 4

Established profile in the sciences of engineering
design and management, project management, and
integrated environmental management. A major
strength that can be utilised is the linkage between
researchers in sustainability sciences, technology
management and technology development.

Figure 2. The extension of the sustainability sciee field to technology management

Table 1. The specific theories of the emerging flof sustainability science that relate to performace
metrics for technological systems

Theory

In the context of sustainability science

In the context of performance
metrics of technologies

Transdisciplinarity

The result of a coordination of disciplines such
as science and laws of nature; technology and
what is achievable; law and politics and what
is acceptable to social systems; and ethics of
what is right and wrong beyond the bounds of
society®.

Where: “successful transformation of
technologies into marketable
commodities requires knowledge and
skills from a variety of different
specialist fieléjs of science and
engineering™.

Resilience

A system'’s ability to bounce back to a
reference state after a disturbance and the
capacity to maintain characteristic structures
and functions despite the disturbance®.
Where: “ecological resilience is the amount of
disturbance that a system can absorb before it
changes state. Ecological resilience is based
on the demonstrated property of alternative
stable states in ecological systems.
Engineering resilience implies only one stable
state (and global equilibrium)”d. Further: “a
resilient ecosystem can withstand shocks and
rebuilds itself when necessary. Resilience in
social systems has the added capacity of
humans to anticipate and plan for the future”.
Resilience is conferred in human and
ecological systems by adaptive capacity®.

The resistance and robustness of an
integrated system against surprises,
which includes risk-based measures
and precautionary regulationsf; the
capacity to buffer change, learn and
develop®.

Complexity

From a biology perspective: “that
understanding of how the parts of a biological

Deals with the study of complex
systems, i.e. are composed of many
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In the context of performance

Theory In the context of sustainability science ; .
metrics of technologies
system — genes or molecules — interact interacting elements that interact in
interact is just as important as understanding complex ways; and the ability to model
the parts themselves™. From a natural complex interaction structures with few

systems perspective: “complex interactions of parametersk.
natural systems that are not chaotic™.
Furthermore, the growing appreciation of the
need to work with affected stakeholders to
understand the full range of aspects of any

particular system.

Or adaptive resource management (ARM) is an iterative process of optimal decision-
making in the face of uncertainty, with an aim to reducing that uncertainty over time via
system monitoring'.

Adaptive
management

“As applied to human social systems, the adaptive capacity is determined by:
« The ability of institutions and networks to learn, and store knowledge and experience.
« Creative flexibility in decision-making and problem solving.
Adaptive capacity * The existence of power structures that are responsive and consider the needs of all
stakeholders.

Adaptive capacity is associated with r and K selection strategies in ecology and with a
movement from explosive positive feedback to sustainable negative feedback loops in
social systems and technologies™.

a Max-Neef, MA (2005)Ecological Economics, 53, 5-16.

b Jamison, A and M Hard (2003)echnology Analysis & Strategic Management, 15(1), 81-91.

c Turner, BL, Kasperson, RE, Matson, PA, McCarty, Correll, RW, Christensen, L, Eckley, N,
Kasperson, JX, Luers, A, Martello, ML, Polsky, Qjl$pher, A and A Schiller (2003Proceedings of
the National Academy of Science USA, 100(14), 8074-8079.

d Holling, CS (1973)Annual Review of Ecology and Systematics, 4, 1-23.

e Walker, B and JA Meyers (2004£cology and Society, 9(2), 3.

f Klinke, A and O Renn (2001)ournal of Risk Research, 4(2), 159-173.

g Folke, C, Carpenter, S, Elmqvist, T, Gundersqridlling, CS and B Walker (2002AMBIO: A Journal
of the Human Environment, 31(5), 437-440.

h Service, RF (1999%cience, 284(5411), 80-83.

[ Zimmer, C (1999)<cience, 284(5411), 83-86.

j Bammer, G (2005)Ecology and Society, 10(2), 6-30.

k Frenken, K (2006)economics of Innovation and New Technology, 15(2), 137-155.

I

Walters, C (1986)Adaptive management of renewable resources. New York: Macmillan.

m Holling, CS, Gunderson, L and D Ludwig (2002). Panarchy: Understanding transformations in
human and natural systems, Gunderson, LG and CS Holling (eds.), pp. 63-M2shington DC: Island
Press.

Sustainable development indicators to improve the anagement of alternative energy technologies

Sustainable development indicators are viewed @®lathat can be used to direct and measure peafices
(UN CSD, 1995). The ideal is that these indicatmes used to measure technological interventiorierms of

the conditions and goals of sustainable developifs® Figure 3) (Brent and Rogers, 2008). The cuesee
would be an extension to the concept of environaignsound technologies (ESTSs), i.e. those thaehtire
potential for significantly improved environmenténd socio-economic) performances relative to other
technologies (IETC, 2003).
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no effect

Development and 1
implementation of
technological systems

Figure 3. Technological systems aim to contributeotshort-term Millennium Development Goals (MDGS)
as a sub-set of the long-term conditions of Sustaible Development (SD) (Brent and Rogers, 2008)

The primary objective of the research summarizethigpaper was to establish a model or methoditwifize
assessable sustainability indicators for altereagimergy technological systems that can be usednipfn the
technology management cycle, by designers and ideaisakers of such technologies. The prioritizatien
based on hierarchy theory as it relates to sudidityascience (Warren, 2005).

A model towards the prioritization of assessable stainability performances of

alternative energy technological systems

The proposed model to prioritize assessable sadtiity indicators for alternative energy technata) systems
is illustrated in Figure 4. The approach initiatgth a comprehensive set of sustainable developinditators
that are deemed appropriate for the context ofrateve energy technological systems under invastig. Only
those indicators that are controllable by decisimakers in the context of the integrated technoklgigstems,
and specifically those that are expected, by thhnelogical sub-systems analysts, to be effectealifh the
implementation of the technological system (Figgreare considered further (#1 in Figure 4).

The remainder of the approach is based on the kaliming cycle of experience, reflection, concelitation

and planning (Kolb, 1984). First, the expertiseta technological sub-systems analysts, with thpesise of

the sustainability economic, environmental, insititial and social sub-systems, also termed hol@varien,

2005; Tsoutsos and Stamboulis, 2005), are usedth@rgeably through a sub-learning cycle to:

» Define a specific system, as a framework, in teohdechnology-economic-social-ecological-institutio
interactions, including the boundaries of the systand important resilience considerations; and

» Establish a hierarchy of controllable indicatorattinay be affected in terms of their respectivedrtgnce to
ensure the sustainability, as defined by the cascepTable 1, of the investigated technology-ecnite
social-ecological-institution system.
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Figure 4. Proposed model to achieve prioritized asssable sustainable performance indicators

The outcome is an initial set of prioritized indime for each of the technology, economic, so@ablogical,
and institutional sub-systems or holons accordimghie overall system sustainability, as perceivgdthe
sustainability expertise (#2 of Figure 4). The tembgy holon analysts then re-evaluate, througluraber of
sub-cycles, the site-specific information to deteenwhich indicators are, or potentially, assessdbl the
specific technological implementation system unoestigation (#3 of Figure 4). Thereafter, thefetint
stakeholders of the technology-economic-socialagiobl-institution system are engaged to highlitgite key
aspects of the integrated system to prioritizerdéecators and identify aspects of the overall esysthat may not
have been included in the initial set of indicat@#4 of Figure 4). Further learning cycles{3—4—2) are
utilized to facilitate the transdiciplinarity pritization of the key set of indicators. Finally,daoonsidering that
the market uptake of innovation (Brent and Pregri2008; Brent and Rogers, 2008), the consideraifon
multiple technology-economic-social-ecological-ington systems at regional, national and inteoral level

may result in a different set of prioritized assdws indicators through a continuous learning pssce
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Materials and methods used in the research

The case study research methodology is descrike@alix, 2003) as a particular method of qualitatesz=arch
that is an extensive examination of a singularaims¢ of a phenomenon of interest and an example of
phenomenological methodology. It is an account robjems and events in real situations. The typease
study that was used for this research can be thestrds a descriptive case study (Yin, 2003) becthese
objectives of this research rely on the currentciica of alternative energy technological system
implementation. The descriptive case study is ashejpth description of a situation for testing atisatar theory
(Page and Meyer, 2003), i.e. the principles ofeainability science, and specifically the introdugeddel to
achieve prioritized assessable sustainable perfarenadicators.

A mini-hybrid alternative energy technological (AET) system case study

A mini-hybrid AET system that was implemented incingweni Village, a traditional community with 220
households in rural South Africa, which is desalifie detail elsewhere (Rogers et al., 2007), wasl @s a case
study. The power generation is exclusively renewabiergy, i.e. Si Solar PV (560 units of 100 W nwahi
power output), Wind Turbines (6 units of 2.5 kW rioah power), and lead acid battery storage (~138Mhk
The grid supplied a water pump and water filtertesysfor improved drinking water, street lightingcellular
phone tower, with each home having power for faghits, a cellular phone charger and a small teil@visThere
is no school or clinic in the village. A communigntre was developed for communal uses of the power

Indicators expected to be affected through the imgimentation of the technological system

As a point of departure all indicators of the MD@&rhework that are measured by the South African
government, the main social, economic and ecolbficns as described by the World Bank and thelaVor
Commission on Environment and Development (WCED)d associated institutional and technological
indictors, were considered appropriate for suclkrsewable energy systems, and grouped under treaving
main criteria:

» Social criterion — Quality of life;

» Economic criterion — Stable economy;

» Ecological criterion — Preservation of biodiversity

» Institutional criterion — Business viability; and

» Technological criterion — Sustainable technicatesys

The conceptual criteria were mapped against padcigsues to obtain comprehensive maps of poténtial
affected indicators through the implementationhef technological system (Rogers et al., 2007).

Initial set of prioritized indicators based on susainability holon expertise

The maps of the holons were discussed with sudtiitgeholon expertise, specifically researcherghe fields
of economics, institutional governance, ecology sociology. First, the individuals were requestedeflect on
the holon directly applicable to their respectixpertise and identify the most important indicatiorshe maps.
The ranked priorities of each holon expertise waorded (Rogers et al., 2007). They were thenadvib
comment on the maps of the other holons. The degredich an indicator in a specific holon map int¢ates
with other holons was subsequently noted (Rogess.e2007). Thereby the complex interactions betwthe
holons are emphasized.
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Potentially assessable indicators based on site-sffec information

The interviews with the sustainability holon expststipulated which indictors are assessablearfidid. The
basic comment was that if it is not measurable asgkssable it is not an important indicator. Thpeaetive
prioritized indicators were verified for possibjlitto assess with site-specific information duringld
observations by the technology analysts. It wasrégined that the prioritized indicators were irdlessessable
from obtainable data.

Prioritized indicators based on stakeholders’ percgtions

The holon maps with the prioritized set of indicatcas perceived by the sustainability holon expertwvere

used to guide interviews with specific stakeholddrihe integrated technological systems. Thesewer

» The municipality officials and ward council respitts for Lucingweni Village, i.e. the formal govenent
structures. The individuals included the major; speaker, and former local ward councilor for tiilage;
the current ward councilor, which accompanied thehmology analysts through the site investigations;
maintenance managers and officials responsibledonomic development in the municipality.

e The headman of the community of Lucingweni Village, the traditional leadership structure of theoXa
people in the area. The interaction between thdrhaa and the local ward councilor constitutes itikealje
between the traditional and government structutdscal and regional levels, and the traditionaldership
structure is also represented in the national gowent.

* The ward committee, which are individuals that esent the communities of the villages in the ward a
report to the local ward councilor.

» Two separate households in Lucingweni Village, apparently poor and one representing a more affluen
household.

* National government agencies responsible for tbbrieal systems, i.e. the South African Nationaéfgy
Regulator (NER) and the Department of Minerals Bndrgy (DME).

The aspects that were raised by the different btallers affected by the implemented technologigatesn
were recorded (Rogers et al., 2007). The nationaegment agencies were also requested to prioritizir
respective identified aspects. The overall priesitof the indicators are shown in Table 2. Thedsyglpriorities
were assigned to those indicators that were rarkgtest by the sustainability holon expertise ahd t
government agencies, and also featured in the &spsed by the different stakeholders.
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Table 2. Overall prioritized assessable sustainality indicators for implemented technological systers

Indicator performance

Changes due to

technological intervention

out Unit Remark
Holon Priority Indicator Designed for utcome
after
Purchase Power Parity; international
A PPP none None US$/head/day benchmark of ability to meet basic
needs with available resources.
A Gini none None % income lowest  Gini (share of poorest quintile in
quartile national consumption).
10 vears of adult World Bank model of health of adults
A Health none None years for productivity; 0.4% productivity per
working life .
10 years life expectancy.
ears education World Bank model of education of
Economic B Education some Some years adults for productivity; 0.5%
working adults s
productivity per year at school.
c Access to basic some Some 1o units Basic services are required for
services productivity.
- Energy output of system > factor of
B :r?;nvir{\%irt?nzzts Some None % return energy cost of inputs; to ensure
oy viable energy supplies.
% of income/
D Affordability energy yes None disposable Energy cost for users is affordable.
resources
Allocation and control of resources.
A Allocation and some None Contracts This is the indigent grant system that
control of resources is controlled by the responsible
authority.
Legal protection for contracts/workin Legal protection to (;ontrols for
B none None ) resources. This is via contracts
controls g services )
between the suppliers and the users.
This is via financial institutions that
Institutional C Access to credit none None % of assets can use the assets as collateral for
loans.
Post Kyoto targets for land use.
C ;(:stetléyoto COz eq. none None tonnes CO; eq. Deforestation rates should be
9 reduced.
Access to basic resources is
D Access to basic s 3 months national guaranteed by the constitution, water
resources Y standards and energy. Includes energy, clean
water and sanitation.
Bioloaical Resilience of ecosystem is indicated
A comngmnit diversit none Some acceptable trend by trends in indicator populations for
Y Y ecosystem type.
Soil type Resilience of ecosystem is indicated
Ecolo B maintenance none None acceptable trend by trends in soil characteristics for
ertili soil type.
oy fertil ltyp
Natural resources must be available
A Available natural s Some % of need for conversion and the excess should
energy resource Y reflect the efficiency and the need for
stable supply.
o hours of - -
A Jobs (ability to get none not direct saleable Best |nd|cator of ability to self support
food) ; for basic needs.
production work
stunting of Best indicator of food quality that
B Nutrition none not direct chil dreg affects productivity and ability to
Sociology learn.
Best overall measure of resilience of
B Life expectancy none not direct Years social systems is average life
expectancy.
c Literac s Yes standard literacy ~ Best overall indicator of ability of
Y Y test humans to improve productivity.
. - Ability of energy system to assist
Increased % increase in ; -
Technology E productivity none None production production, e.g. electrical energy for

means of production.
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Discussion

The most important aspects were identified as to@@mic beneficiation from the technological intmtion as
expected by the community, and the community owriprsf the technological system as expected byiaad
implementing agency. From an economic and instihati perspective the community expected that theyldv
receive a similar service, and performance, asigeavby the national electricity grid. However, ttepacity
and reliability of the technological system provedufficient to meet these expectations. For examgystem
instability resulted from the small excess betwt#enplanned supply of 272 kWh/day and the planresdahd

of 267 kwWh/day. Also, the design of the systemritl meet all the energy needs, e.g. a paraffinidulod not
meet all the energy needed for heating and cooimgoses. The consequence was the ongoing reduwaftion
indigenous forest in and around the village witeueng degradation of the soil fertility. Finally, practice, only
113 of the 220 households and associated strelets liyere connected to the mini-grid. The subsequent
uncontrolled connections by the community resultedsystem overload, disputes between all parties, a
disconnections of power by the generator; the mysstopped operating continually within one year of
commissioning.

Overall the management of the technological intetiea did not improve the conditions of the socab-
system in the rural village or meet any of the perfance aspects raised by the stakeholders. Thk vess the
breakdown of trust between the traditional socistalictures and the formal government structured, the
technology developers.

The disregard at the design stage for almost althef non-technical aspects had resulted in an bvera
unsustainable system. In other words, the casg stughasizes that in the pre-feasibility and falsilphase of

the technology life cycle a holistic understandioigenergy needs and other expectations is cruffian
integrated system is addressed as a whole thenovbeall resilience and adaptive capacity of all the
sustainability aspects can be improved. Also, thistesn design needs to accentuate strategies for the
technological intervention to ensure adaptive mansnt of the integrated system in society.

Principles of sustainability science highlighted though the case study

The case study highlights the importance of thagipies of sustainability science (see Table 1ddsign and

manage alternative energy technological (AET) syste

» Trangdisciplinarity. The different perspectives of experts and stalkieis on the aspects of sustainability are
essential for the design stage. Thereby, technalegigners can acquire a practical integrated stateting
of the most important aspects and obtain agreeorettie most important performance indicators foype
of technological intervention.

* Redlience. A key aspect to the sustainability of the intégdasystem is the trust between society and
institutions, and technology developers and implgers. A breakdown of trust will result in societgt
accepting and adopting the technology intervent@epending on the context, ecological and economic
aspects may determine the resilience of the oveyatem to the technological intervention, e.g.d@acity
of natural resources, and affordability.

» Complexity. Interactions between and within human and nhystems can result in misunderstanding and
a mismatch between expectations and bio-physiahleaonomic capacities. This complexity is likelytte
poorly understood initially, and therefore deduetrather than inductive learning should direct textbgical
design and intervention. Especially behaviourainges in the socio-economic, and the implicatioesebf
for ecological systems, have high uncertainty.
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» Adaptive management. AETs for electricity generation are relativelywnéo remote areas of developing
countries. The management of a technology during) after intervention requires technical skills and
understanding of equipment performance and econdreitefits that are not readily available in this
traditional context. Traditional social structutést need to support the technological interventiarst be
engaged to deal with the adaptive responses tajelsan social values and eco-services.

e Adaptive capacity. The ability of the stakeholders to agree to expemt with alternatives to mitigate
problems with sustainability aspects highlights ple¢ential ability of the social system to learm adapt to
a technological intervention within the carryingpaaity of the ecological systems and the techno#dgi
capacity of the society over time. Alternative gyeinterventions should therefore provide flexityilfor
stakeholders to adapt to sustainability aspectsimthe constraints of the applicable social argtitutional
systems.

Implications for policy-making to promote alternative energy technologies

The literature frequently makes recommendationgaeernments about their responsibilities and thkcies
they should implement for long-term sustainable eltgyment (Winkler, 2006). However, because social-
ecological systems are self-organizing their evolutarely follows the paths intended by governraditel et

al., 2006). Governments are not free to invest statdish institutions at will, but must take accooff the
political influence of all stakeholders to promatgstainable technology-economic-social-ecologiestiiution
systems. The capacity of such systems to self-twgaB the foundation of their resilience. Rebuilglithis
capacity at times requires access to external reesuExcessive subsidization can, however, redapacity.
Cross-scale subsidization should end when selfrizgdion becomes apparent, because cross-scale
subsidization can increase the vulnerability oftith@ader system. A long-term perspective is essent. cross-
scale relationships should in the long term be allytisustaining, neither exploitative from above parasitic
from below (Abel et al., 2006). Therein lays thealtdnge for policy-making related to the promotioh
sustainable and adaptable AETSs in social-ecologigstems.

Conclusions and recommendations

The emerging field of sustainability science redmgs the role of technology to reach the conditiofis
sustainable development. Regional policies in saifiafan Africa place much emphasis on alternativeggn
infrastructure that are typically imported from d®ped countries. The research summarized in dyepset
out to establish how the principles of sustaingb#icience may manifest in and improve the manageimie
alternative energy technologies (RETS). A caseystuds undertaken of a rural village in the East€ape
Province of South Africa where an alternative egpexgstem was implemented.

A learning model (Figure 4) was introduced thatvied a structured approach to prioritize assessabl
indicators for a specific type of technologicaleirtention. It was found that the holon expertise already
knowledgeable about most issues in the field andhninteraction with potential communities are swjosmtly
not necessary, provided the holon expertise ardiganwith the context where a technological intemtion is
planned. In this study only one learning cycle wampleted. For new designed systems it is expettiad
multiple learning cycles will be associated witlk fthases in the technology life cycle (Brent andd®s, 2008).

The complex interactions between the technolog®eabnomic, social, ecological, and institutionab-system
were demonstrated through the case study. The naliiy of the overall system to issues such asttand
ownership was particularly highlighted. Such isseemhasize that transdisciplinarity understandingeguired
by AET (and other technology) designers to reduteertainty and improve the sustainability of tedbgaal

interventions. Apart from technical aspects a tiolisnderstanding of energy needs and implicatiortsere a
technology is to be introduced, is essential. Tideustating of implications or changes in the iraged system
over time, in turn, could identify adaptive stragsgfor the management of AETs (or other technelg)giThe
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learning capacity of cultures in specific contexdspecially, is vital for the planning and decisioaking of
alternative energy systems. With such increasedemstahding it is envisaged that the sustainability
performances of alternative energy technologictdrirentions may be improved during the design stage.
during the pre-feasibility and feasibility phasasd in the uptake stages, i.e. the transfer angtaxhophases, of
the technology life cycle.

Recommendations

The alternative energy system of the case studyfawasd to be unsustainable. The failure of thegraged

systems was found to be attributed to:

* The complexity of the social-institutional sub-grst which resulted in uncertainty for project plarsmand
system designers; and

» The lack of resilience of the technological systiemdemands from the social, economic and instibatio
sub-systems.

For technology management in general, further rekeia therefore required to understand the coniiylet
social-institutional (and ecological) systems asytrelate to technological systems to reduce tlersainty for
technology designers and decision-makers. For ebeartipe means to measure and track trust and okipers
within an integrated system. The development dfieese parameters and associated factors for ¢iseggd of
technological systems can then be undertaken.dhvisaged that such parameters and factors casdukfor

the development of technology assessment methatisnetrics, as they are used in technology managemen
practices. To this end, the modification of the elydused Technology Balance Sheet, Income Stateeraht
Space Map analytical techniques are currently beimgstigated, with specific emphasis on the ihitésearch
and development phases of technology managemesnt(Bnd Pretorius, 2008).
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