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1. Introduction

• LNEC has been establishing a research priority to address performance 

assessment for the Portuguese AECO sector based on Big Data management
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• Main research topics: 

1. Investment decision support

2. Integrated management and building operation and maintenance

3. BIM and digital transformation

4. Life cycle cost assessment and circular economy
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2. Investment Decision Support
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• European Union (EU) has been setting targets and policies to reduce AECO sector
impacts;

• EU goals has led to a tendency to increase the useful life of the existing buildings by
opting for rehabilitation and maintenance, rather than opting for new construction;

• In order to contribute to the alignment of the AECO sector with the millennium goals
of sustainable development of UNESCO, namely with regard to sustainable cities
and communities (Objective 11), the focus on the rehabilitation of the built heritage is
urgent, based on feasibility studies covering several areas, namely: technical,
financial, economic, environmental, social and cultural;

• CBA, MA and CEA methodologies can contribute to decision support on investment
projects.
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2. Investment Decision Support
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• Cost-benefit analysis (CBA) 

2. Investment Decision Support

• Multicriteria analysis (MA)

• Cost-effectiveness analysis (CEA) 
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2. Investment Decision Support

• Multicriteria analysis
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Cost-benefit analysis (CBA) is used by governments and other organizations, 

such as private sector companies, to assess the desirability of a policy or 

investment. It translates a comparative analysis between the expected benefits 

and costs, also considering the lost alternatives and the situation in which the 

status quo is maintained, ranking the studied alternatives in terms of cost-

benefit ratio.

2. Investment Decision Support
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2. Investment Decision Support

• Cost-benefit analysis – New construction and rehabilitation interventions

waste treatment facilities

Architectural heritage School buildings

Health infrastructures Habitational buildings Industrial heritage

Waste water treatment plant
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2. Investment Decision Support

• Cost-benefit analysis – Economic indicators

Useful in the implementation of CBA for future projects, contributing to:

1 - Structuring of information;

2 - Improving the accuracy and quality of information;

3 - Reduction of uncertainties and errors;

4 - Streamlining access to information;

5 - Greater efficiency in supporting the stakeholder involved in the decision-making

process.
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2. Investment Decision Support

• Cost-benefit analysis – Economic indicators

Structures in three levels (depending on the project):

• General nature (GN)
cost / m2; cost / visitor (architectural heritage); cost / student and area / student (school buildings); cost / 

patient, cost / bed and area / patient (health infrastructures); cost / ton of waste treated (waste treatment) …

• Intermediate nature (IN)

cost /m2 of building and outdoor space rehabilitation; outdoor space area / visitor (architectural heritage); 

outdoor space area / student (school buildings); outdoor space area / patient (only for health 

infrastructures), …

• Specific nature (SN):

costs of different design projects (Architecture, Structures, MEP…); costs of different technical solutions; 

technical characteristics of the different adopted solutions, …



LNEC | 13

2. Investment Decision Support

• Cost-benefit analysis – Economic indicators

CBA Phase
Indicator Type Contribution

GN IN SN

1 x x
Quantification of project social effects

2 x
Implementation of design specialities

3 x x x
Forecasting of project cash-flows

4 x x
Correction of externalities

5 x x x

Optimization of performance indicators and analysis of 

alternatives

Project identification

Feasability

Financial analysis

Economic analysis

Risks assessment
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2. Investment Decision Support

• Cost-benefit analysis – Externalities (Positive)

Social benefits Environmental benefits

• Possible creation of complementary activities to the 

existing one and more diversified job offer (if the 

intervention corresponds to a change of functionality)

• Increased job offer as well as individual and community 

productivity

• Improving the health and well-being of infrastructure 

users

• Increase of income in the tourism sector in the area of 

intervention, as well as the possible additional increase 

of income of other complementary activities in the area 

(commerce, restaurants, leisure activities, etc.)

• …

• Greater willingness to pay

• Long-term marginal costs (possible reduction of energy 

consumption after intervention)

• Shadow fees and salaries (benefits arising from changes 

in productivity)

• Frontier prices (marketable benefits notably carbon 

certificates, representative of improved air quality after 

intervention)

• …
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2. Investment Decision Support

• Cost-benefit analysis – Externalities (Negative)

Social costs Environmental costs

• Loss to society as a result of the diversion of inputs 

(used raw materials and / or land where the project 

investment is incorporated) from better alternative uses

• Cost of social opportunity for staff employed in the 

structure under intervention may be performing their 

duties in the most economically advantageous 

occupations

• Possible loss of mobility and traffic congestion during 

the construction and/or rehabilitation phase

• …

• Increased pollution of soil, water and air

• Recovery treatment of potentially contaminated areas

• Recycling of materials used in the intervention with the 

purpose of extending its life cycle

• Labor considered in the control and preservation activities 

of the surrounding environment

• Restoration of the areas where the structure under 

intervention is located and which are degraded;

• Maintenance of the characteristics of the territorial 

surroundings in which the structure to be constructed 

and/or rehabilitated is placed

• …
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2. Investment Decision Support

• Cost-benefit analysis – CBA ratio (B/C)

Ratio between net present value of project benefits and net present value of 

project costs. The goal, for investment projects, is to take more than 1

B is the total flow of benefits at time t, C is the total flow of social costs at time t, ρt is the social update factor chosen for the 

update at time t; r is the social refresh rate.
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✓ Cost-benefit analysis

2. Investment Decision Support

• Multicriteria analysis (MA)

• Cost-effectiveness analysis 
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Multicriteria analysis (MA) is applied in comparative analysis of alternative designs 

or heterogeneous measures in complex situations, considering several criteria 

simultaneously. It integrates different options in the actions to be taken by decision 

makers, reflecting the opinions or interests of the different actors involved. The 

results obtained are guiding operational decisions or recommendations for future 

activities. 

2. Investment Decision Support
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2. Investment Decision Support

• Multicriteria analysis – New construction and rehabilitation interventions

Harbour infrastructures

Performance level – Eletronic inquiry

Value tree
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2. Investment Decision Support

• Multicriteria analysis – New construction and rehabilitation interventions

Railway infrastructures

Value tree

CBA ratio

Global scores
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2. Investment Decision Support

• Multicriteria analysis – New construction and rehabilitation interventions

Public buildings

Value tree

C1 - Durability (unid.: years)

Muito elevada High Medium Low Very low

Very high null

High - null

Medium - - null

Low - - - null

Very low - - - - null

Performance level
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✓ Cost-benefit analysis 

2. Investment Decision Support

✓Multicriteria analysis

• Cost-effectiveness analysis (CEA)
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Cost-effectiveness analysis (CEA) contributes to the efficient application of

resources and investments in sectors where benefits are hard to quantify in

monetary terms and can be quantified in terms of a physical accounting unit.

The analysis tends to focus on direct results obtained in the short and medium

term, usually ignoring the longer-term effects. CEA can only be applied to

compare programs that are simple to implement and whose impact is similar.

2. Investment Decision Support
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3. Integrated Management and Building 

Operation and Maintenance
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• Constructed assets, over their life-cycle, demand for a considerable amount of 
resources and trigger transformations with important economic consequences

• The management of the built environment has to be primed by the needs of 

their stakeholders. Management activities are closely related and must 

integrate those that have been mapped by:
▪ Asset management

▪ Project management

▪ Program and portfolio management

▪ Facility management

▪ Risk management

• All of them depend on accurate Big Data of the building lifecycle

• These activities require the support of Data Management solutions/approaches
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4. BIM and Digital Transformation
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• BIM has become more common throughout all phases of the building life cycle;

• Several problems have occurred 

(loss of data, communication problems, and poor work efficiency);

• Requirement to enrich BIM models with Big Data is a challenge 

(data interoperability and integration); 

• The Industry Foundation Classes (IFC) includes the formal definitions of 

modeling entities – The modeling entities correspond to hierarchically organized 

types of Big Data characterized by attributes and constraints. 
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4. BIM and Digital Transformation

IFC model organization



LNEC | 29

• Interoperability is simplified by the implementation and adoption of standards, 

such as the IFC data model;

4. BIM and Digital Transformation

• Scenarios where valuable Big Data is managed by external data sources (e.g. 

materials catalog) should be integrated to extend and enrich BIM models. 

Addressed by Extraction-Transformation-Loading (ETL) processes; 

• This integration involves two main challenges: 
1. Syntactic interoperability, understanding all representation schemas and formats to 

ensure that multiple and heterogeneous data sources can be integrated;

2. Semantic interoperability, providing the ability to identify the same concept (real entity) in 

distinct representations, making it possible map information that is represented in a 

specific data source to the corresponding Big Data that can extend this concept.
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4. BIM and Digital Transformation

• Interoperability in BIM 

Architecture design specifications Fire network design specifications
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4. BIM and Digital Transformation

• BIM and Laser scaning
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4. BIM and Digital Transformation

• BIM in rehabilitation (Architecture)

Before After
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4. BIM and Digital Transformation

• BIM in rehabilitation (MEP - Fire)

Structural Model Architecture Model

Fire facilities Model Global Model
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4. BIM and Digital Transformation

• BIM in rehabilitation (Energy efficiency)
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4. BIM and Digital Transformation

• BIM in transport infrastructures - Roads
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4. BIM and Digital Transformation

• BIM in transport infrastructures - Railways
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4. BIM and Digital Transformation

• BIM in transport infrastructures – Airport pavements
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4. BIM and Digital Transformation

• BIM in Real estate
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4. BIM and Digital Transformation

• BIM in Facility and asset management
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4. BIM and Digital Transformation

• Level of information needed in BIM

Preliminary studies Execution project Use, maintenance and operation
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5. Life Cycle Cost Assessment and Circular 

Economy
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• Case study for gathering, organizing and generating 

information and performance indicators

• Portfolio of 166 Portuguese public school buildings

▪ Constructed area of 2.404.500 m2



LNEC | 43

Buildings originally constructed from 1942 

onwards and cost predictions for those same 

buildings until 2071 

Life-cycle of 130 years

70 years
1942 a (2007-2011)

60 years
(2007-2011) a 2071

INFORMATION SOURCES

✓Ministry of Education (1928-1989)

✓Directorate-General for School Facilities (1989-2007)

✓ProNIC database (2007-2011)

✓Parque Escolar (2011-2018)

✓School clusters (1989-2018)

5. Life Cycle Cost Assessment and Circular 

Economy
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• Structure for economic LCC data collection organizes the economic information 

into modular life cycle stages of constructed assets

• ISO 15686-5, EN 15643-4 and EN 16227

5. Life Cycle Cost Assessment and Circular 

Economy
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• 155 economic performance indicators were generated

• The structuring and organization of these results is being used to develop a  

web-based database, composed by dynamic charts and tables
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Relative ratios Result [-]

Operation costs (B1+B2+B3+B4+B6+B7) / Capital costs (A0 to A5) 1 / 1,61 

Construction stage costs  (module A) / use stage costs  (module B) 1 / 0,68 

Rehabilitation costs / demolition costs 1 / 0,04

Rehabilitation costs / Construction costs 1 / 2,65 
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Indexes
Building 

system

Landscaping 

subsystem

Structure 

subsystem

External 

elevations and 

roofs subsystem

Interior 

divisions 

subsystem

Services and 

Equipment 

subsystem

Depreciation rates [%] 2,75 2,64 2,67 2,84 2,70 2,77

Cost [€] per student 5 951,63 447,97 1 471,91 1 407,91 1 919,88 1 151,93

5. Life Cycle Cost Assessment and Circular 

Economy
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20 € / m2 / year of use

553 € / m2 of rehabilitation

38 € / m2 of deconstruction

Porfolio of 166 buildings

2,4 millions of m2 

130 years

10 billions € of life-cycle net present value

5. Life Cycle Cost Assessment and Circular 
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6. Final remarks
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• Existing assets represent an important legacy, so the application of decision 

support methodologies in Portuguese built heritage investment projects is a 

major support to decision-makers;

• Life-cycle cost informed decisions in Building Management activity depend on 

the widespread and consistent application of the life-cycle cost concept, namely 

by generating and making available the adequate quantity and quality of data;

• Interoperability between projects and procedures, standardization of procedures, 

the involvement of the Government and the various stakeholders, as well as the 

creation of a collaborative network for managing Big Data generated and its 

digital transformation,  are essential.
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No matter how many resources You have

If You don’t know how to use them, it will never be enough
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knowledge is useless if we 

don't know how to use it
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