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The year 2015 is 200th anniversary of the Vienna University of Technology. This occasion will be marked through general redevelopment of University’s inner city location into a modern city campus, mainly through general building restoration and spatial grouping of individual faculties. The newly found interdisciplinary Research Group for Energy and Environment has set as an aim the implementation of the newest energy-efficiency methodologies and technologies currently developed at the Vienna University of Technology into the reconstruction process. 

This paper proposes methods and standards for the intended integrated, interdisciplinary planning process for maximal energy-efficiency building. Life cycle oriented planning, benchmarking through international standards defining sustainability and building performance evaluation will be introduced. A strategy for integrated process for implementation of planning objectives will be proposed.
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INTRODUCTION 
Vienna University of Technology is celebrating its 200-anniversary in year 2015, the celebration marked by the flagship project: TU Univercity 2015. The project is based on the conversion of the existing University buildings, situated in centre of Vienna, into a unique modern city campus, but it also includes a number of scientific activities. 

The Research Group for Energy and Environment represents interdisciplinary and interfaculty scientific activity within TU Univercity 2015, offering know-how transfer as well as consulting service for the professionals and students. One of the Group’s major tasks is the implementation of the newest methodologies and technologies currently developed at the Vienna University of Technology into the redevelopment of the University through interdisciplinary planning. The intended redevelopment should eventually serve as University’s own laboratory for testing of systems such as solar cooling and heating, geothermal energy, lightning and monitoring. One of the planning goals is a realisation of a building that can completely outcome without heating or cooling; and even produce instead consume energy. Due to the complex property and investor-client-management situation the project is still on hold.
The paper will address following topics together with proposal of problem-solutions:
· setting of performance goals for sustainability and energy-efficiency of buildings, 

· introduction of different international standards with purpose of benchmarking for sustainability parameters,
· proposal of strategy for integrated planning process and implementation of energy-efficiency planning objectives and indicators 
PROBLEM IDENTIFICATION

The realization of the energy-efficient showcase building should be conceptualised and adduced through the interdisciplinary work of the Research Group consisting of several departments from different faculties. Some of them are: 
Institute for Thermodynamics and Energy Conversion, Faculty of Mechanical and Industrial Engineering; 
Department for Building Physics and Acoustics, Department for Industrial Building and Interdisciplinary Planning, both Faculty of Civil Engineering; 
Institute of Power Systems and Energy Economics, Faculty of Electrical Engineering and IT; Department of Project Development and Management, Faculty of Architecture and Urban Planning and others.
The project is facing several major problems. 

For the planning and construction process itself a planning team has already been appointed (architecture, structural and services engineering, building physics). There is also a number of different stakeholders involved in management, coordination and commissioning process, such as steering committee, project leader, project marketing and public relations, formal-aesthetic consultant and project coordinator. On the other hand, there is a heterogeneous and ambitioned scientific group, involving a large number of participants that should implement the newest energy-efficiency expertise and prove it as innovation through technology-transfer. 
Until now there has been almost no communication between the “planning” and “scientific” teams. There are also communication difficulties within the teams themselves, since the project involves a complex planning and construction activity; whereas many of the experts involved have hardly had experience with planning and construction of buildings. The roles of stakeholders with their competences and responsibilities have not yet been clearly defined and communicated. So far no project handbook has been issued; the aims have not been defined or benchmarked – so clearly one of the main problems is the lacking of commissioned project management.
Lessons Learned

According to the study of the US National Renewable Energy Laboratory there are several crucial criteria for success of highly ambitioned energy-efficient projects (Torcellini et al, 2006). These are: integrated, life-cycle (LC) oriented planning, setting of measurable aims, clients acting as main motivators for realisation of energy-efficient buildings, monitoring of operation-phase. 

As most important criteria integrated, LC-oriented planning process, involving design, construction and operation phase - so called “whole-building” design can be identified. (Gauzin-Müller, 2002) The traditional planning process is a reactive process, where the architect develops a spatial and functional plot in accordance with the client (investor). Structural and mechanical engineering follow consecutively - in this way, the energy or material performance cannot be optimised, since they only react to the preset architectural design. 
The “whole-building” design requires an interdisciplinary work of a team, due to the high level of complexity of planning goals. Everyone involved must be included at the earliest stage of the design in order to set and understand the required building performance. Only in this way, all the aspects and interdependencies can be considered from the beginning, when the change potential is still almost indefinite. All later changes are costly and work intensive (Achammer, 2007). This approach requires the commitment of an entire team to the set goals (in this case energy-efficiency) since a building works only as a system, and not a sum of the parts. Each team member must be encouraged to search and contribute to the final solution, as well as to benefit from other disciplines. An ambience of confidence and trust is necessary for interdisciplinary planning – organised and encouraged communication supports and empowers information flow and know-how transfer.
A precise definition of performance goals in the pre-design phase before any design concepts have been developed, is a precondition for desired and optimal performance of a building. In this way, energy-efficiency will be incorporated in the design as the inherent quality, instead of an add-on value. Basically, all the planning processes can be split into two major parts: analysis and synthesis. The analysis results with the definition of performance aims; the synthesis is the actual design. (Pena, Parshall, 2001). Analysis is always standing in the shade of the more creative synthesis - design phase, however when seen as major determinant for the final project-success, it gains on importance. 
Energy-efficient and sustainable design underlies to higher investment cost due to its innovation and often prototype character, however investor decisions are driven mostly by minimisation of cost or financial risk. (Intrachooto, 2005) The hypothesis is, that main motivation for realisation energy-efficient buildings is provided by owners (investors), who act as driving force throughout the course of the project in their role of decision maker. 
Further on, energy-efficient buildings do not operate the way they were designed – 

transparent information management, monitoring and repeated post-occupancy evaluation are necessary to improve the performance. (Mendler, et al, 2006)
BENCHMARKING thorough RANKING-SYSTEMS

Throughout the last decade a number of international standards – ranking systems for evaluation of sustainability and energy-efficiency of buildings emerged, based on different national aims and policies. 
LEED, DGNB and Minergie Standards have been chosen for closer examination of used indicators and target values, because of their prevalence or increasing relevance for the Central and East European real estate market. Some of the indicators and target values will be adapted and used for the Building Performance Evaluation for Univercity 2015.
LEED: Leadership in Energy and Environmental Design is The United States Green Building Council’s rating system, “a voluntary, consensus based national standard for developing high-performance, sustainable building” (LEED, 2005) It is a point based system, with certification levels of Certified, Silver, Gold or Platinum. This standard has become the accepted standard for measuring “green” design in the United States, but also in the Arab Countries such as Emirates. It differentiates the project typologies into: New Construction, Existing Buildings, Operations and Maintenance, Core and Shell, Commercial Interiors, Schools, Healthcare, Retail, Homes and Neighbourhood Development.

New Construction Project Check List totals with 69 possible points (PP); and is structured as follows:

· Sustainable Sites



14 PP

· Water efficiency



  5 PP

· Energy and Atmosphere


17 PP

· Materials and Resources 


13 PP

· Indoor Environmental Quality

15 PP

· Innovation and Design Process

  5 PP

DGNB is German Sustainable Building Council Certificate. It is a relatively new certificate from 2008, however its fundamentals are in much older Handbook for Sustainable Building dating from 2001 (BMVBW, 2001), where basic indicators and benchmarks have been set. This standard is adapted to the German and European building tradition and stands in narrow connection to the European Energy Certificate, obligatory from 2009. 

The grading is in percentages, categorising in rankings:

Gold (from 80%), Silver 65 – 79,9%) and Bronze (50 – 64,9%). 

For new construction and administrative buildings it is differentiated in (DGNB, 2008):

· Ecologic Quality



195 PP/Weighting 22,5%

· Economic Quality



50 PP/Weighting 22,5%

· Socio-cultural and Functional Quality
280 PP/Weighting 22,5%

· Technical Quality



100 PP/Weighting 22,5%

· Process Quality



230 PP/Weighting 10%

· Location




separate evaluation!

Minergie is a Swiss concept; it is a registered trademark of Cantons Zurich and Bern. It supports rational energy consumption, use of renewable energies, life-quality improvement and reduction of emissions. The concept defines the performance goals through limiting of the weighted maximal supplied energy: set limit for new construction housing is 
38 kWh/m²/year; for offices 40kWh/m²/year. Supply through fossil end-energy is differently weighted from renewable source. Even stricter energy consumption limits are set for Minergie-P (30 kWh/m²/year housing; 25 kWh/m²/year offices) or Minergie-P-ECO, which are based on passive house standard. (Minergie, 2008).
METHODS FOR SETTING Of PLANNING GOALS
The main problem with designing and planning of energy-efficient buildings is that the planning focus often exclusively lies upon the energy-saving targets, technologies and facilities. Often, many sacrifices are done in the course of planning process on account of building functionality, spatial and aesthetic quality, in order to keep up with the pre-set performance goals.  Buildings as systems are more than large consumers of energy and resources – 

modernist definition of building as a system of form-function-construction, expanded by the aspect of economy (monetary flows) reflects more precisely the importance of the built structures for society. 

A holistic building performance evaluation (BPE) is based on the triangle of sustainability, where features of form, function and construction are analysed in their coherence with economic, ecologic and societal issues (Figure 1). Every energy-efficient building must still fulfil its primary function – providing of living or working space and function as such. Therefore, a clear specification of processes and spatial requirements is necessary, next to the performance target definitions. Relatively new issue in dealing with design processes of sustainable buildings is the issue of the use of buildings in time. Through the internet and communication technologies and changed global economy, buildings are mutating in fast changing structures – a change in use of a building occurs up to three times throughout the lifecycle. British architect Frank Duffy describes: “The unit of analysis...isn’t the building, it’s the use of the building through time. Time is the essence of real design problem” (Brand, 1999). Time is represented through projected 3rd dimension in the cob-web diagram (point).
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Figure 1: Cob-Web Diagram of holistic BPE (Kovacic, 2008)
Next to the BPE, as crucial method for performance goal-setting within integrated planning processes is participatory planning. This method involves maximum number of stakeholders and benefits from their expertise at project definition phase, which is especially important when setting sustainable design as target for projects serving to the community, such as TU Univercity is.
Analysis of requirements and needs of: users, researchers, municipal officials, citizens and local stakeholders, exploring consensus-based concepts on how a sustainable reconstruction might evolve, should be organised in a charrette – a growth plan reflecting the solicit input from community. 
Another charrette should be held early in the process for planning team, supporting the integrated multidisciplinary collaboration. Included disciplines should involve at least: architects and engineers (construction, civil, mechanical, electrical and plumbing, environmentsl), client and their representatives, interior designer, cost consultant, users and other for the project relevant experts. Prior to this charrette, preliminary analysis carried out by individual participants should be done, consisting of: 
site evaluation, massing studies, energy and day lightning analysis, development of cost model. (Mendler et all, 2006). 
An early phases charrette supports interdisciplinary involvement of the planners, users and other stakeholders, their communication, contribution and commitment to the project. 
STRATEGY FOR PLANNING Of Energy-Efficient BUILDING
For potential redevelopment of the intended showcase energy-efficient building within the Univercity 2015 a STRATEGY will be proposed. 
The strategy is based on implementation of:
· Holistic building performance evaluation (BPE) through model of sustainability 
indicators (Kovacic, 2008) 
· Worksheets for setting of planning objectives and measurable goals
· Development plan for integrated interdisciplinary process through workshops and charrette
Sustainability indicators model
A holistic BPE reflects the sustainability issues on the one side, and the modernist approach of form-function-construction on the other. 

The BPE parameter-model is structured in three levels.

Primary level differentiates among three KEY ISSUES (Table 1): 

· ecology, 

· economy 

· socio-cultural 

aspects of building performance.

Each key issue is subdivided into planning OBJECTIVES, which again are described by sustainability INDICATORS on the third level.

KEY ISSUES




PLANNING OBJECTIVES 









Indicators

Sustainability indicators reflect the ambivalent nature of a building, as the set of tangible and intangible characteristics. Therefore, some indicators are measurable through monitoring and benchmarking, some are immeasurable and to be evaluated through interviews/answers. Both tangibles and intangibles can be graded through means of scale-rating (1-5), resulting with a final absolute value of sustainability performance potential.
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PLANNING OBJECTIVES

INDICATORS

Innitial Investment

Construction cost, Return of investment

Following Costs (LCC)

Cleaning, Waste, Heating, Cooling,
Electricity, Utilities, Inspection, Maintenance

Functionallity

Fungibility, Flexibility, Economic Life Duration,
Risk analysis

Formal Criteria

Impact on econ. growth, Iconographic design,
Corporate Identity, "Thematic identity"

Construction/technolgy

Tech. Durability, Maintenance methods,
Fire protection, Noise protection

Econ. power and
competetivness

Improvement of innovation, Technology transfer,
Regional products, Recycled Materials,
Certificates, Branch diversity, Business diversitiy,
Corporate Awareness

Building Demand

Construction demand, Further use/optimisation
of existing buildings possible?

Land

Reduction of land consumption (Landrecycling),
Reduction of land use for traffic,

Reduction of sprawl, Integration in the landscaps,
Protection of green land,
Maintenance of soli regeneration
Reduction of excavation of materials

Emission reduction

Reduction of: CO2 emissions, individual car
traffic, AIR and SOIL pollutants,

Noise and Light emissoins protection,
Heath island effect prevention

Water

Protection and care of ground water
Rainwater use on the site
Reduction of drinking water consumption

Materials/Recycling

Durability of building elements,

Dismantling possibilities

Recycling of the building elements,

Modular construction, Use of recycled materials,
Regenerative/Regional/Emission-free

building materials

Energy Consumption

Primary energy consumption

Energy-efficient construction

Standards: Low-energy,Passive House,

Plus Energy, Energy consumption for: heating,
cooling, ventilation, lightning

Integrated energy management system

Waste Management

Cleaning Effort, Maintenance (Material flow)
Sewage water/Conduct in ground
Waste accumulation

Urban Identity

Urban identity and quality, Architectural identity

Equality

Equal rights for: disabled, minorities,
gendermainstreaming, integration

SOCIO-
CULTURAL

Fulfilment of
individual needs

Provision of housing or working space,
Acessibility of: infrastructure, of workplace,
to public transport, bycicle comfort,
Satisfactory regional life,

Health: Interior climate, Comfort

Social Stability

Protection of social stability
(transgenerationliving, playgrounds),
Communal communication/participation
Balanced income, Stabilisation of public budget





Table 1: Holistic BPE with indicator-system (Kovacic, 2009)
Work sheets for Goal Definition
Each project dealing with sustainability and/or energy-efficiency should define an overall Vision Statement, in order for the planning team to be able commit to the common aim.
Vision Statement is defined through a number of planning objectives, described in the Work Sheets (Figure 3), where the proposed goals, indicators and the applied metrics are defined.
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PLANNING OBJECTIVE 1

Proposed Goal:

Indicators:

Design objectives:

Performance Metrics:

\

ENERGY CONSUMPTION

Minimize source energy
consumption for building operations

Minimize energy consumption for
building operations:
heating, cooling, ventilation, lightning

Reduce energy consumption compared to
the best practice (BP) by 20%

BP Energy consumption benchmarks:
Heating < 15 kWh/m?year
Cooling+Ventilation < 8,5 kWh/m?year
Lightning< 8,0 kWh/m?year

Energy consumption benchmarks:

Heating kWh/m?year
Cooling+Ventilation kWh/m?year
Lightning kWh/m?year

per Gross Floor area
Percent Savings compared to Benchmarks

/





 Figure 2: Work Sheet for goal definition (Kovacic, 2009)
Development Plan
The main planning objective of the Univercity 2015 is the realisation of the maximum performance energy-efficient building. The building should reach the highest certificates through the ranking-systems and even outreach those; it is not a certain technology that should be specified, but performance aims and goals through integrated planning. 
A Development Plan, based on a number of workshops and a charrette resulting with defined deliverables for specification of energy-efficiency objectives will be proposed (Figure 4), 
Within the first workshop relevant planning objectives and indicators will be chosen from a holistic BPE indicator-model. For each proposed planning objective a worksheet with indicators and/or design objectives and performance metrics should be created. 
In the course of the second workshop on hand of the worksheet-specifications the concepts for design, form, technology, construction and functional programme should be discussed. The individual preliminary-analysis tasks for each team-member (planner) will be specified, such as: site-analysis, formal concept, functional programme, simulation of cost-calculation resulting in a simulation of the pre-design baseline model (basic inputs of function, size and location).  Finally, a charrette, a multi day event which continues the work of workshops in more detail will be launched. It is organised as a sequence of plenary work and design sessions with final open house presentation (Grünberger, 2008). The final outcome of the charrette will be a master plan, with massing, functional programme, building orientation, and a base-line model proposing energy performance of the building and a cost model.
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Figure 3: Development plan for integrated planning process (Kovacic, 2009)
CONCLUSION
The proposed strategy for the implementation of the maximum energy-efficiency for the redevelopment of Univercity 2015 project could not have been implemented yet. 
The immediate cause for the postponement of the Univercity 2015 project was the disability of the owners and investors (being users) to negotiate financing and leasing models, partly due to the lack of transparency of the planning aims and contracting models, resulting in scepticism towards the cost of new technologies and their later economic performance. This circumstance supports the hypothesis of role of investors as major determinant in realisation of energy-efficient buildings.

As underlying causes the lack of the assigned project management and of the integrated planning process-knowledge can be identified. The tasks of Vision Statement and measurable performance goals definition should have been assigned to the clearly appointed project management as the first planning step, which was not the case. 
The early definition of clear planning aims enables more accurate cost estimation and contracting transparency for investors, proprietors and facility managers in preparation of financing construction and change management, which is especially important when planning energy-efficient buildings that are often cost intensive in primary investment through their innovative character. 
The interdisciplinary team was not able to make progress in planning process, since they lacked the contracted assignment, defining aims and non-aims, process-definition and accorded communication.
It can be concluded that Univercity 2015 project offers large innovation potential for ”whole” building design through:
· gathering of large amount of LC-data (knowledge), 
· development of new models for LC-oriented planning 
· optimisation of building performance through knowledge-transfer from planning into operation. 
Integrated, interdisciplinary planning requires a high level of organized, educated, very intense and in front of all transparent communication, that still needs to be learned amongst the profession.
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