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[bookmark: _Toc503174638]ABSTRACTThe objective of this project is to propose a methodology of enhancing Life-Cycle Cost Analysis of office buildings to account for tangible improvements in office workers performance and therefore in employer’s bottom line due to sustainable building features. A broad literature analysis was conducted to analyze the most common sustainable building certifications schemes and requirements to energy efficiency and indoor environmental quality to achieve high certification levels. Achieving basic (lower) levels of sustainable building certification does not necessarily result in achieving high thermal comfort levels and/or indoor environmental quality since the required number of certification points can be awarded in other certification categories. However, achieving higher levels of sustainable building certification does, which results in improved indoor  environmental quality or thermal comfort, as perceived by building occupants. Documented evidence summarized in this project shows a good correlation between indoor environmental quality and higher worker productivity, wellbeing, reduced absenteeism, and reduced churn, all of which help to attract and retain employees. Analysis of studies from around the world shows that the fact that sustainable buildings contribute to the business’ bottom line and to a prestige associated with having company offices in buildings certified to high sustainability levels, together result in a documented higher market value, increased rentability, and higher rent premiums that businesses are willing to pay. This work conducted a Life Cycle Cost Analysis for a typical middle size office building in three different international locations with a mature market for sustainable buildings. Using representative to European Union and North American ranges of energy and labor costs, rent premiums, and increased construction cost or rent sustainable vs. standard office buildings, and assuming that the productivity increase is at least 2%, it was concluded that renting sustainable office space or building and using sustainable office buildings is always cost effective. Depending on the market, it can be profitable to build a sustainable office building for lease to multiple clients by charging rental rates only 2 to 10% higher than rents charged for nonsustainable spaces. Therefore, it can be concluded that labor cost savings resulting from the use of sustainable buildings needs to be accounted for in LCCA.
The citing of information sources used in this report is done in the Chicago Manual of Style 16th edition referencing style. References are found in the end of the report body.
[bookmark: _Toc503174639]ACKNOWLEDMENTSForemost, I would like to express my sincere gratitude to my advisor Prof. Tine Steen Larsen for her motivation, guidance, and support of my study. I would also like to thank Dr. Jørgen Rose from Danish Building Research Institute, AAU, Dr. Heiko Schiller from Schiller Engineering, Hamburg, and Mr. Rüdiger Lohse from KEA Climate Protection and Energy Agency Baden-Württemberg, and Mr. Tim Zelazny from ESD Global, Chicago for providing insights and valuable information on energy and cost characteristics of typical office buildings in Denmark, Germany and the United States. Last, but not least, I would like to thank my parents, Alexander and Marina Zhivov, for their unwavering support in a very lengthy educational process.







[bookmark: _Toc503174640]ABBREVIATIONS	AAU
	Aalborg University

	ASHRAE
	American Society of Heating, Refrigerating and Air-Conditioning Engineers

	ASTM
	American Society for Testing and Materials

	BLCC
	Building Life Cucle Cost

	BOMA BEST®
	Building Owners & Managers Association Building Environmental Standards

	BR
	Building Regulations

	BREEAM
	Building Research Establishment Environmental Assessment Method

	CEN
	the European Committee for Standardization

	CIBSE
	Chartered Institution of Building Services Engineers

	CLP
	Checklist points 

	DGNB
	German Sustainable Building Council (from German)

	DH
	District Heating

	EEB HUB
	Energy Efficient Buildings Hub

	EEBC
	Energy Efficiency Building Codes

	EPA
	United States Environmental Protection Agency

	EPBD
	Energy Performance of Buildings Directive

	EN
	European Standard

	EU
	European Union

	GSA
	U.S. General Services Administration

	HVAC
	Heating, Ventilating, and Air-Conditioning

	IAQ
	Indoor Air Quality 

	IECC
	International Energy Conservation Code®

	ISO
	International Organization for Standardization

	LEED
	Leadership in Energy and Environmental Design

	LCCA
	Life Cycle Cost Analysis 

	LMTD
	Logarithmic Mean Temperature Difference

	VOC
	Volatile Organic Compound

	NABERS
	National Australian Built Environment Rating System

	NIST
	National Institute of Standards and Technology

	NPV
	Net Present Value

	NZEB
	Nearly Zero Energy Building

	ROI
	Return on Investment

	TVOC
	Total Volatile Organic Compound

	UGR
	Unified Glare Rating index



TABLE OF CONTENTS
CONTRACT	i
ABSTRACT	ii
ACKNOWLEDMENTS	iii
ABBREVIATIONS	iv
LIST OF FIGURES AND TABLES	vii
1	Introduction	1
2	Building Sustainability and Certification Schemes	5
2.1 INTRODUCTION	5
2.2 BREEAM OVERVIEW	5
2.3 LEED V4 NC OVERVIEW	6
2.4 DGNB OVERVIEW	7
2.5 BREEAM, LEED, AND DGNB SIDE-BY-SIDE	8
2.6 Certification Schemes and Indoor Environmental Quality Overview	10
2.6.1 LEED V4	10
2.6.2 DGNB	11
2.6.3 BREEAM	11
2.6.4 Thermal Comfort — Comparison and Summary	12
2.7 Indoor Air Quality Comparison	13
2.7.1 LEED	13
2.7.2 DGNB	14
2.7.3 BREEAM	15
2.7.4 Indoor Air Quality Comparison and Summary	16
2.8 Daylight Comparison	16
2.8.1 LEED	16
2.8.2 DGNB	17
2.8.3 BREEAM	18
2.8.4 Daylight Summary	18
3	Productivity and Indoor Environmental Quality	20
3.1 INTRODUCTION	20
3.2 WHAT IS WORKER’S PRODUCTIVITY?	20
3.3 FACTORS AFFECTING OFFICE WORKERS’ PRODUCTIVITY	23
3.4 CONCLUSIONS	26
4	Life Cycle Cost	27
5	Value of Sustainable Buildings	30
5.1 INTRODUCTION	30
5.2 DRIVERS	30
5.3 RESULTS OF STUDIES	31
5.4 CONCLUSIONS	40
6	Methodology of Valuation of Sustainability	41
7	Input Data	44
7.1 Concept of scenarios for the standard and sustainable buildings.	44
7.2 Labor Cost to Employer.	47
8	Preliminary Results	49
8.1 Rental Costs	49
8.2 Capital Cost	51
8.3 Energy Use	51
9	Results of Economic Analysis	53
9.1 Rented office scenario	53
9.2 Employer-owned office building scenario	55
9.3 ECONOMIC ANALYSIS FROM THE OFFICE BUILDING OWNER WITH MULTIPLE TENANTS PROSPECTIVE	57
10	Discussion	59
11	Conclusions	61
12	Further Investigations	62
13	References	63
APPENDIX A. ECONOMIC COMPARISONS OF SUSTAINABLE AND STANDARD OFFICE BUILDINGS LOCATED IN CHICAGO, IL, USA.	70
APPENDIX B. ECONOMIC COMPARISONS OF SUSTAINABLE AND STANDARD OFFICE BUILDINGS LOCATED IN MUNICH, GERMANY	75
APPENDIX C. ECONOMIC COMPARISONS OF SUSTAINABLE AND STANDARD OFFICE BUILDINGS LOCATED IN COPENHAGEN, DENMARK	80

[bookmark: _Toc348516489][bookmark: _Toc500752605][bookmark: _Toc503174641]LIST OF FIGURES AND TABLESTables
	1	Historical improvement of the ASHRAE Standard 90.1 (data is compared without plug loads) (Tillou 2014)	1
	2	BREEAM Category Weighting and Credits (BREEAM 2017)	6
	3	LEED Maximum Possible Points (U.S. Green Building Council 2017)	7
	4	DGNB Category Weighting and Credits (DGNB 2017)	8
	5	Sustainability Scheme Overview	8
	6	Summary of Thermal Comfort Requirements	13
	7	DGNB Requirements For Indoor Air Quality Based on Containment Concentration	14
	8	EN 15251 Categorization of Airflow Rates	14
	9	Conversion of Total Indoor Air Quality CLP into Evaluation Points	15
	10	Summary of IAQ Requirements	16
	11	Summary of Lighting Requirements	19
	12	Summary of Cases Collected by (Loftness et al. 2003)	25
	13	Summary of Increased Benefit Findings	37
	14	Rental and Capital Costs	45
	15	EUI Baseline and Sustainable Cases	46
	16	Energy Costs for 2017 Used in this Study	46
	17	Inflation and Escalation Rates by Country	47
	18	Labor Cost by Country	48
	19	Annual Labor Cost Reduction	48
	20	Energy Use Reduction in Modeled Scenarios of Sustainable Buildings	54
	21	Improvement in NPV of Operating Costs for Sustainable Office Buildings	55
	22	Adjusted Payback	57
Figures
	1	Energy Code Adoption by State (U.S. Department of Energy 2017)	2
	2	Average gap between minimum energy performance requirements and cost-optimal levels: new buildings	3
	3	Historical change in the maximum allowable energy use intensity in Danish buildings, kWh/m2 per year: Office buildings (1500 m2)-Green and Residential building (150 m2) – Grey	4
	4	Breakdown of Sections in Sustainability Schemes (Hamedani and Huber 2012)	10
	5	Breakdown of Organizational Expenditures (Brill, Weidemann, and Associates 2001)	21
	6	Total Cost of Occupancy Breakdown According to (Jones Lang LaSalle 2014)	22
	7	Cost Increase Associated with Building Sustainability (World Green Building Council 2013)	35
	8	Return from Australian CBD Office Markets 2015: Green Star (Top) and NABERS (Bottom)	36
	9	Operational Costs and Investment Costs for LEED-Certified Retail Buildings in Thousands of Dollars (USGBC 2015)	39
	10	Adjusted Annual Rental Cost	50
	11	Capital Cost	51
	12	Adjusted Annual Energy Cost Savings	52
	13	NPV of Operating Cost Savings for Rented Office Space in Chicago	53
	14	NPV Of Operating Cost Savings for Rented Office Space in Munich	54
	15	NPV of Operating Cost Savings for Rented Office Space in Copenhagen	54
	16	NPV of Capital and Operating Cost Savings for Employer-Owned Office Building in Chicago	56
	17	NPV of Capital and Operating Cost Savings for Employer-Owned Office Building in Munich	56
	18	NPV of Capital and Operating Cost Savings for Employer-Owned Office Building in Copenhagen	57
	19	Return on Investment in a Sustainable Office Building Premium Capital Cost for Three International Locations	58




80
[bookmark: _Toc503174642]Introduction
Buildings are responsible for 40% of energy consumption and 36% of CO2 emissions in the EU (The European Commission 2017) and 47.6% and 44.6%, respectively in the United States (Architecture 2030 2017). Concerns regarding conservation of energy derived from non-renewable sources in buildings began during the energy crisis of 1973. It was realized that buildings have a high potential for saving energy so improving the energy efficiency of buildings became an important aspect of energy conservation. The notion of energy conservation attracted the interest of governments in developed countries where, as a result, energy efficiency building codes (EEBCs) were developed that virtually did not exist prior to 1973. It is worthwhile to mention that the interest in energy conservation temporarily dropped between late 1980s and mid-1990s when the economic driver for energy conservation diminished due to the dropping of oil prices to pre-1970s levels. Today, more than 4 decades after the oil crisis, industrialized countries have established EEBCs, and many have noteworthy track records of implementing, enforcing, and refining their EEBCs (Deringer, Iyer, and Huang 2004) For example, since the 1980s, building energy use requirements in the United States (calculated without consideration of plug loads, see Table 1) have been reduced by more than 50% (Tillou 2014).
[bookmark: _Ref501654384][bookmark: _Toc503174694]Table 1.  Historical improvement of the ASHRAE Standard 90.1 (data is compared without plug loads) (Tillou 2014).
	ASHRAE Standard 90.1 Version
	Energy Use Index

	1975
	100

	1980
	100

	1989
	86

	1999
	81.5

	2001
	82

	2004
	69.7

	2007
	65.2

	2010
	46.7

	2013
	43.4


The energy efficiency codes for commercial and residential buildings adopted across 50 U states differ. Such codes are generally based on the ASHRAE Standard 90.1 (for commercial buildings) or the International Energy Conservation Code (IECC). Some states (such as Colorado and six other states) have no statewide requirements. Some states (such as California, Washington and Massachusetts) have requirements that are more stringent than ASHRAE 90.1-2013 or IECC 2013. The majority of states have requirements based on standards dating between 2007 and 2013. Figure 1 shows a map of applicable standards for commercial buildings by state (U.S. Department of Energy 2017).
EEBCs differ between European countries, depending on climate, national economics, and political environment. EEBCs have traditionally been established to set minimum design requirements for key energy use aspects of new buildings, major retrofits, or additions to existing buildings. For the EU countries, the Energy Performance of Buildings Directive (EPBD, 2002/91/EC) was a major legislative step forward addressing the reduction of the energy consumption in buildings.
[image: ]
[bookmark: _Ref501704852][bookmark: _Toc503174716]Figure 1.  Energy Code Adoption by State (U.S. Department of Energy 2017).
The EPBD is currently undergoing the third revision after modifications of 2012 and 2016. The EPBD is an important driver in the EU’s efforts to modernize European buildings. It has put in place important policies such as the requirement for new buildings to achieve the nearly zero energy (NZEB) level by 2020. It also aims to reduce greenhouse gas emissions in the building sector by 88 to 91% (compared to 1990) by 2050 (The European Parliament and The Council of 25 October 2012 2012). The EPBD is intended as a framework to be interpreted by each member nation that allows individual countries to set their own national standards. These standards are based on national cost-optimal levels of minimum energy performance requirements for new and existing buildings, where the lowest cost is estimated for the building life cycle (30 years for residential buildings and 20 years for non-residential buildings). Some countries, such as Estonia, France, Germany, Portugal, and the UK set minimum requirements that are more ambitious than the cost-optimal level for those countries (Figure 2) (The Commission to the European Parliament and the Council 2016). Figure 3  shows the marked improvements (more than 80%) in the Danish building energy code between 2005 and 2020.
[image: ]
[bookmark: _Ref499563163][bookmark: _Toc503174717]Figure 2.  Average gap between minimum energy performance requirements and cost-optimal levels: new buildings.
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[bookmark: _Ref499235133][bookmark: _Ref499235124][bookmark: _Toc503174718]Figure 3.  Historical change in the maximum allowable energy use intensity in Danish buildings, kWh/m2 per year: Office buildings (1500 m2)-Green and Residential building (150 m2) – Grey.
In response to the environmental concerns, it was recognized at the beginning of 1990 that buildings have extensive direct and indirect impacts on the environment. During their construction, occupancy, renovation, repurposing, and demolition, buildings: use energy, water, and raw materials; generate waste; and emit potentially harmful atmospheric emissions. These facts have prompted the creation of several volunteer green building certification schemes e.g., BREEAM (UK), LEED (USA), GREEN STAR (Australia), and DGNG (Germany), all of which are aimed at mitigating the impact of buildings on the natural environment through sustainable design(Stephanie Vierra 2016). These certification schemes also strongly emphasize Indoor Environmental Quality (IEQ), and are expected to create healthy and comfortable conditions for building occupants, and consequently to improve productivity and reduce sick-leave (Silva, Alexandre Faria, and Wai 2015).
In addition to volunteer schemes, ASHRAE developed a Standard for the Design of High Performance Green Buildings (ASHRAE Standard 189.1) to provide minimum requirements for siting, design, construction, and plans for operation of high performance green buildings, and ultimately to balance the elements of environmental responsibility, resource efficiency, occupant comfort and wellbeing, and community sensitivity. Several government agencies in the United States and private sector companies have already adopted this standard.
The literature analysis summarized here shows that there are social, political, and economical drivers for energy efficiency and sustainability with new construction and major renovation that go beyond minimum requirements. However, the major drivers for building construction and major renovation projects on the national level or on the level of the individual building owner, financier, and construction company, are based primarily on the global cost effectiveness of these projects rather than on a base case designed merely to meet minimum code requirements. For this reason, a better understanding of the broad spectrum of benefits associated with green buildings is required.

[bookmark: _Ref498614273][bookmark: _Toc503174643]Building Sustainability and Certification Schemes
[bookmark: _Toc503174644]INTRODUCTION
In most communities, the concept of sustainability has been around since the dawn of time (Gibson and Hassan 2005). Sustainable development “meets the needs of the present without compromising the ability of future generations to meet their own needs” (Brundtland 1987). Throughout the literature, the concept of sustainable buildings and communities expresses itself in many equivalent terms, e.g., green buildings, eco buildings, passive buildings, etc. Yet the concept of building sustainability goes far beyond the simple pursuit of energy efficiency; it considers three dimensions: the social, environmental, and economic impacts, commonly referred to as “triple bottom line of sustainability.” A variety of certification and rating systems have been developed to holistically assess and consistently compare these three sustainability dimensions. The first environmental certification system for buildings, created in 1990 in the UK, was the Building Research Establishment Environmental Assessment Methodology (BREEAM), followed by the Leadership in Energy and Environmental Design (LEED, USA and Canada, 1998), the Haute Qualité Environnementale (HQE, France, 2002), the Comprehensive Assessment System for Built Environment Efficiency (CASBEE, Japan, 2002), and the Deutsche Gesellschaft für Nachhaltiges Bauen (DGNB, Germany, 2008). Since then, more than 70 sustainable building assessment systems have been released worldwide (Bernardi et al. 2017). Some of these schemes, e.g., BREEAM, LEED, and DGNB, have been adopted internationally while others have been adopted primarily on the national level e.g., CASBEE (Japan), GreenStar (Australia), GreenGlobes (Canada), HQE (France). This chapter focuses on the three major certification schemes: BREEAM, LEED, and DGNB.
[bookmark: _Toc503174645]BREEAM OVERVIEW
BREEAM has the largest market share of any building certification system in Europe (80%), and, as of 2015, is used in over 70 countries (RICS 2015). BREEAM awards credits in the categories of management, health and wellbeing, energy, transport, materials, water, waste, land use and ecology, pollution, and innovation. Management encompasses the project brief and design, lifecycle cost and service life planning, responsible construction practices, commissioning and handover, and aftercare. Health and wellbeing is constituted by visual comfort, indoor air quality, safe containment in laboratories, thermal comfort, acoustic performance, and safety and security. Energy entails reduction of energy use and carbon emissions, energy monitoring, external lighting, low carbon design, energy efficiency in cold storage, transportation systems, laboratory systems, and equipment, as well as drying space. Transport describes public transport accessibility, proximity to amenities, cyclist facilities, maximum car parking capacity, and travel plan. Water includes water consumption, monitoring, leak detection, and water efficient equipment. The materials category encompasses life cycle impacts, hard landscaping and boundary protection, responsible sourcing of materials, insulation, designing for durability and resilience, and material efficiency. In the waste category, there are six key subcategories: construction waste management, recycled aggregates, operational waste, speculative floor and ceiling finishes, adaption to climate change, and functional adaptability. Land use and ecology encompasses site selection, ecological value of site and protection of ecological features, minimizing impact on existing site ecology, enhancing site ecology, and long-term impact on biodiversity. The second to last category is pollution, which describes impact of refrigerants, NOx emissions, surface water run-off, reduction of night time light pollution, and reduction of noise pollution. The final category is innovation, which gives credit for building practices not already included within the BREEAM system. Credits in these categories are weighted and then combined to reach levels of certification. Table 1 summarizes the BREEAM scoring system. The certification hierarchy is, in ascending order: pass, good, very good, excellent, and outstanding (BREEAM 2017).
[bookmark: _Toc503174695]Table 2.  BREEAM Category Weighting and Credits (BREEAM 2017).
	Category
	Weighting, %
	Credits Available 

	Management
	12
	10

	Health and Wellbeing
	15
	14

	Energy
	19
	21

	Transport
	8
	10

	Materials
	6
	6

	Water
	12.5
	12

	Waste
	7.5
	7

	Land Use and Ecology
	10
	10

	Pollution
	10
	12

	Innovation
	10
	10


[bookmark: _Toc503174646]LEED V4 NC OVERVIEW
Developed by the U.S. Green Building Council (USGBC), the LEED standard is one of the most prevalent international building certification standards, with 80,000 registered projects across 162 countries (Shutter and Tufts 2016). LEED is the BREEAM’s largest competitor. Furthermore, LEED is backed by the U.S. General Services Administration (GSA), which mandated that all new or substantially renovated federally owned or leased facilities must achieve the second highest (gold) LEED certification (Kubba 2012). LEED gives building certification based on of seven categories: Location and Transport, Sustainable Site, Water Efficiency, Energy and Atmosphere, Materials and Resources, IEQ, Innovation, and Regional Priority. Table 3 lists the maximum number of points earned for each category in LEED. Unlike BREEAM, LEED includes no weighting for each category. There are four levels of certification for LEED buildings: Certified (40 points), Silver (50 points), Gold (60 points), and Platinum (80 points) (U.S. Green Building Council 2017). A major conceptual difference between LEED and BREEAM is that LEED uses a single uniform rating system independent of location whereas BREEAM is tailored to specific countries depending on climate, local standards and codes, and culture. LEED has local regulations for Europe built into the standard itself (Suzer 2015).
[bookmark: _Ref501714479][bookmark: _Toc503174696]Table 3.  LEED Maximum Possible Points (U.S. Green Building Council 2017).
	Category
	Maximum Possible Points 

	Location and Transportation
	16

	Sustainable Site
	16

	Water Efficiency
	11

	Energy and Atmosphere
	33

	Materials and Resources
	13

	Indoor Environmental Quality
	16

	Innovation in Design
	6

	Regional Priority
	4


[bookmark: _Toc503174647]DGNB OVERVIEW
DGNB was developed in 2009 by the German Sustainable Building Council for release in 2011, and as such, is one of the newest energy certifications standards. Similar to BREEAM, DGNB uses weighted criteria to assess a final score. The five categories DGNB uses to assess buildings are: Ecological Quality, Economical Quality, Sociocultural and Functional Quality, Technical Quality, and Process Quality. Table 4 lists the weighting and maximum available points in DGNB. Within Ecological Quality, points are awarded within six categories: lifecycle impact assessment, local environmental impact, responsible procurement, lifecycle impact assessment-primary energy, drinking water demand and waste water volume, and land use. Economic Quality encompasses lifecycle cost, flexibility and adaptability, and commercial viability. Sociocultural and Functional Quality is includes thermal comfort, indoor air quality, acoustic comfort, visual comfort, user control, quality of outdoor spaces, safety and security, design for all (accessibility), public access, cyclist facilities, design and urban quality, and integrated public art. Technical Quality includes fire safety, sound insulation, building envelope quality, adaptability of technical systems, cleaning and maintenance, and deconstruction and disassembly. Site Quality encompasses access to amenities, transport access, public image and social conditions, and local environment. Process Quality (a category that is unique to DGNB) awards points for the documentation of the integrated design process (DGNB 2017). DGNB uses two types of points for its ratings system. Checklist points (CLP) are awarded for meeting certain criteria, which are then converted to evaluation points that are used to rate the building.
[bookmark: _Ref501714609][bookmark: _Toc503174697][bookmark: Tab004]Table 4.  DGNB Category Weighting and Credits (DGNB 2017).
	Category 
	Weight, %

	Ecological Quality
	22.5

	Economical Quality
	22.5

	Sociocultural and Functional Quality
	22.5

	Technical Quality
	22.5

	Process Quality
	10


[bookmark: _Hlk501653561][bookmark: _Toc503174648]BREEAM, LEED, AND DGNB SIDE-BY-SIDE
Several categories within LEED, BREEAM, and DGNB can be directly compared in spite of the fact that they use different terminology. For example, LEED uses Sustainable Sites; BREEAM uses Land Use and Ecology, Pollution, and Transport; and DGNB uses local environmental impact and environmental impact of construction. LEED’s “water efficiency” correlates with BREEAM’s “water” section and DGNB’s “drinking water and waste water.” “Energy and atmosphere” in LEED correlate with “energy” in BREEAM and “environmental quality” in DGNB. Similarly, “materials and resources” in LEED correlate with “materials” in BREEAM and “environmental quality” in DGNB. Also, where LEED uses “IEQ,” BREEAM uses “health and wellbeing,” and DGNB uses “sociocultural and functional quality,” which contains a sub-section specific to IEQ. Table 5 summarizes major characteristics of all three schemes.
[bookmark: _Ref501703512][bookmark: _Toc503174698][bookmark: Tab005]Table 5.  Sustainability Scheme Overview.
	Categories
	BREEAM
	LEED
	DGNB

	Scope
	Communities for the master-planning of a larger community of buildings
	BD+C (New construction and major renovation)
	New building

	
	New Construction for new build, residential and non-residential buildings
	ID+C Interior design and construction
	Existing building

	
	Non-residential buildings in-use
	O+M (Existing building renovation)
	Building Renovation

	
	Refurbishment of residential and non-residential buildings
	
	Urban districts

	Rating levels
	Pass ≥30 points
	Certified 40–49 points
	

	
	Good ≥45 points)
	Silver 50–59 points
	Silver≥ 50%

	
	Very Good ≥55 points
	Gold 60–79 points
	Gold≥ 65%

	
	Excellent ≥70 points
	Platinum ≥ 80 points
	Platinum≥ 80%

	
	Outstanding ≥85 points
	
	

	Major Categories
	Management -12%
	Sustainable site: 26 pts
	Environmental quality: 22.5%

	
	Health & wellbeing - 15%
	Water efficiency: 10pts
	Technical quality: 22.5%

	
	Energy – 15%
	Energy & Atmosphere: 35pts
	Economical quality: 22. 5%

	
	Transport – 9%
	Materials & Resources: 14pts
	Sociocultural quality: 22.5%

	
	Water – 7%
	IEQ: 15 pts
	Process quality: 10%

	
	Materials – 13.5%
	Innovation & Design Process: 6 pts
	Separately: Site use

	
	Waste – 8.5%
	Regional credits: 4pts
	

	
	Land Use & Ecology – 10%
	
	

	
	Pollution – 10%
	
	

	
	Additional credit for innovation -10%
	
	


Although LEED, BREEAM, and DGNB certification systems have several common categories, the systems differ in their overall spectrum of categories and subcategories. For comparison, Figure 4 (Hamedani and Huber 2012) shows the different categories and criteria of these three certification systems.
An analysis (Gluszak 2015) of published data that shows the major differences between these three certificate on systems (Ebert, Eßig, and Hauser 2011) revealed that, while the three systems place generally equivalent weights on ecological aspects; energy, health and comfort; and site categories, significant differences between them remain:
LEED certification does not include Economic, Technical, and Functional aspects in evaluation.
DGNB is the only certification system that scores Functional aspects (site efficiency and suitability for energy conversions). It also puts significant weight on technical aspects, while both BREEAM and LEED lag in this regard.
Both BREEAM and DGNB put more emphasis on building management as compared with LEED.
[image: ]
[bookmark: _Ref501715276][bookmark: _Toc503174719]Figure 4.  Breakdown of Sections in Sustainability Schemes (Hamedani and Huber 2012).
There are several other differences between the three systems, beyond those of criteria weighting and composition of certification systems, worthy of mention. BREEAM not only has different weights for different criteria, those weights also vary based on different locations. Also, LEED and BREEAM have some prerequisites, so that some criteria are mandatory for certification. While lower certification levels (e.g., Certified and Silver LEED, Pass and Good BREEAM) can be achieved without points awarded for energy efficiency and IEQ, higher certification levels cannot be awarded without high scores in these categories.
[bookmark: _Ref499241630][bookmark: _Toc503174649][bookmark: _Toc493537212][bookmark: _Toc493537262]Certification Schemes and Indoor Environmental Quality Overview
[bookmark: _Toc493537213][bookmark: _Toc493537263][bookmark: _Toc503174650]LEED V4
Thermal comfort in LEED awards only one point to a building’s overall score. To achieve this point, 50% of the individual occupant spaces of a building must provide controls for either air temperature, radiant temperature, air speed, or humidity. Additionally, for buildings located in the United States, buildings must be in compliance of ASHRAE standard 55-2010 whereas European buildings must be in compliance with ISO 7730 and EN 15251 demands. No further points are awarded for buildings that exceed the minimum demands of these standards.
[bookmark: _Toc493537214][bookmark: _Toc493537264][bookmark: _Toc503174651]DGNB
The criteria for thermal comfort in DGNB is described in SOC 1.1, and accounts for 4.3% of the total building score. Like LEED, DGNB is based on the ISO and CEN standards; however more points are awarded for exceeding minimal requirements. Thermal comfort in DGNB is assessed among eight criteria divided between the heating period (1st of November through the 30th of April) and the cooling period (the rest of the year). The first of these criteria is operative temperature for the heating period. There are three levels of points earned from this type of compliance with EN 15251: compliance with Category III (10 CLP), Category II (20 CLP), and Category I (30 CLP). An additional 7.5 CLP can be earned if drafts during the heating period are within Category B of EN ISO 7730. In the third criteria, 7.5 CLP can be awarded for following the ISO 7730 guidelines regarding surface temperatures of building components with large surface areas to minimize radiant temperature asymmetry. The final category for the heating season is the relative humidity during the summer heating season. If measures are taken to increase humidity during the heating season, 2.5 CLP can be earned. Additionally, five more CLP can be earned if there is more than 25% relative humidity for 95% of the building’s operating time.
Similar to the heating season, there are points to be awarded for operative temperature during the cooling season. Compliance with national standards awards 10 CLP, and compliance with EN 15251 categories I, II, and III earn 20, 30, and 35 CLP, respectively. Similarly, points are awarded for reducing draft in the cooling season (5 CLP for compliance with ISO 7730) and adhering to ISO 7730 guidelines for avoiding radiant temperature asymmetry (5 CLP),. The final criteria for the cooling season is relative humidity. If the absolute humidity is less than 12 g/kg for inside air during the cooling season, 5 CLP are awarded.
For a building to be awarded any points in the SOC 1.1 criteria, at least 10 CLP must be awarded in the operative temperature criteria for both the heating season and the cooling season, which merits one evaluation point. Beyond the prerequisite criteria being met, if 50 CLP points are earned, this translates into five evaluation points. If all 100 CLP points are earned, 10 evaluation points are awarded.
[bookmark: _Toc503174652]BREEAM
There are no minimum standards for thermal comfort in BREEAM, however up to three credits can be earned in this category. These credits are distributed equally among three subcategories: thermal modeling, adaptability, and thermal zoning and controls.
The first sub-category, thermal modeling, requires five prerequisites:
Thermal modeling is carried out using software in accordance with CIBSEAM11.
The modeling demonstrates that the building design and services strategy can deliver thermal comfort levels in occupied spaces in accordance with the criteria set out in CIBSE Guide A Environmental Design.
The software used in the simulation at the detailed design stage provides full dynamic thermal analysis.
The thermal modeling results demonstrate that thermal comfort levels in occupied spaces Category B requirements in terms of Predicted Mean Vote (PMV) and Predicted Percentage Dissatisfied (PPD) as per ISO 7730:2005.
The PMV and PPD indices are reported using the BREEAM assessment scoring and reporting tool.
The next two credits are dependent on completion of the first. The first of the two following credits is adaptability for a projected climate change scenario. This requires that three additional requirements be met:
1. Thermal modeling demonstrates that the building design and services strategy the same thermal comfort, PMV and PPD indices as in the first credit under a predicted climate change environment.
1. If the building does not meet the criteria from the first requirement, it must be demonstrated how the building has been adapted, or will be adapted in the future, using passive design solutions to meet the criteria from the first requirement.
1. The PMV and PPD indices are reported for this credit using the BREEAM assessment scoring and reporting tool.
The final credit is for thermal zoning and controls. In addition to meeting the criteria for the first credit, two additional criteria must be met:
1. Thermal modeling analysis from the first credit has informed the temperature control strategy for the building and its users.
1. The strategy for proposed heating and cooling systems demonstrates that it addresses: zones in the building and how to appropriately heat and cool them, the degree of occupant control required, how the systems will interact with each other and how this will impact the thermal comfort of the building, and the need or otherwise for a manual override for automatic systems.
[bookmark: _Toc493537216][bookmark: _Toc493537266][bookmark: _Toc503174653]Thermal Comfort — Comparison and Summary
To properly compare the differences in thermal comfort between the three standards, it is necessary to note essential differences and similarities. While all three standards award points based on ISO 7730, the requirements and rewards for levels of compliance differ, as do the criteria for which buildings are awarded points.
[bookmark: _Toc503174699][bookmark: Tab006]Table 6.  Summary of Thermal Comfort Requirements.
	Standard
	Mandatory ISO 7730 Compliance
	Additional Points for Exceeding Requirement
	Credit for Zoning
	Additional Possible CREDITS

	LEED
	No
	No
	Yes
	No

	BREAAM
	No
	Yes
	Yes
	Modeling, PMV PPD

	DGNB
	Yes
	Yes
	Yes
	Operative Temperature, RH, Temperature Asymmetry for heating + cooling season


[bookmark: _Toc493537217][bookmark: _Toc493537267][bookmark: _Toc498538134][bookmark: _Toc498613619][bookmark: _Toc498883840][bookmark: _Toc499557799][bookmark: _Toc501535666][bookmark: _Toc503174654]Indoor Air Quality Comparison
[bookmark: _Toc493537218][bookmark: _Toc493537268][bookmark: _Toc503174655]LEED
In LEED, there are five indoor air quality criteria, two of which are mandatory criteria for which no points are awarded. The first required criterion is Minimum Air Quality Performance (MAQP). MAQP is achieved either when ASHRAE standard 62.1-2010 is adhered to, or when both EN 15251-2007 and EN 13779-2007 are observed.
The second mandatory indoor air quality requirement in LEED, is the Environmental Tobacco Smoke Control requirement. The purpose of this requirement is to eliminate smoking within the building and to provide adequate signage to prevent occupants from smoking within 7.5 meters (25 feet) from any entries, operable windows, and air intakes.
The first criterion for which a building can receive points is enhanced indoor air quality strategies; for newly constructed or significantly renovated buildings, up to two points can be earned. There is a variety of different methods that can be employed to earn these points depending on building type and ventilation strategy to achieve the first of the two points. For all ventilation strategies, using an entryway system to capture debris before it enters the building is applicable. For mechanical ventilation systems, interior cross-contamination prevention and outside air filtration are the other requirements earn this point. To achieve the interior cross-contamination prevention, a ventilation rate of 2.54 l/m2 must be implemented in rooms where hazardous chemicals are present. Outside air must be filtered with a minimum efficiency reporting value (MERV) value of 13 or higher (as defined in ASHRAE 52.2-2007) or Class F7 (as defined by EN 779-2002).
To receive a second point, a mechanically ventilated building must either feature exterior cross-contamination prevention, increased ventilation (30% higher ventilation rate compared to the MAQP requirement), carbon dioxide monitoring, or additional source control and monitoring.
The second criterion for which a building can receive credit is developing a Construction Indoor Air Quality Management plan (1 point). The intent of this credit is to minimize the indoor air quality problems associated with new construction and renovations (ex. Construction mats to reduce airborne dust, return air filters), and thereby to promote the wellbeing of workers and adjacent tenants.
The final criteria for which a building can receive points in terms of indoor air quality is Indoor Air Quality Assessment (2 points). To achieve the maximum of two points, a building must be tested under normal ventilation conditions for occupancy for the concentration of contaminants as per ASTM, EPA, or ISO methods. For direct comparison with DGNB standards, up to 500 micrograms/m3 of volatile organic compounds and 27 ppb (27 micrograms/m3) of formaldehyde are allowed
[bookmark: _Toc493537219][bookmark: _Toc493537269][bookmark: _Toc503174656]DGNB
In DGNB, indoor air quality is responsible for 2.6% of the total overall score. Currently, there are only two criteria enforced: indoor air quality, volatile organic compounds and occupancy based ventilation rates.
Up to 50 CLP can be awarded for indoor air quality- volatile organic compounds. Testing for DGNB is done to the applicable ISO16000-3 and ISO 16000-6 standards. CLP are awarded incrementally (Table 7).
[bookmark: _Ref501716365][bookmark: _Toc503174700][bookmark: Tab007]Table 7.  DGNB Requirements For Indoor Air Quality Based on Containment Concentration.
	TVOC (microgram/m3)
	Formaldehyde (microgram/m3)
	CLP

	>3000
	>120
	0

	≤3000
	≤120
	10

	≤1000
	≤60
	25

	≤500
	≤60
	50


The occupancy based mechanical ventilation rate is calculated by the following formula and the result is compared to the EN 15251 standard:

where:
	N	=	the number of people
	A	=	floor area
	qtot	=	total occupancy based ventilation rate
	qP	=	ventilation rate per person
	qB	=	ventilation rate per building floor area.
EN 15251 classifies building ventilation rates into four categories (Table 8).
[bookmark: _Ref499239512][bookmark: _Ref499239450][bookmark: _Toc503174701][bookmark: Tab008]Table 8.  EN 15251 Categorization of Airflow Rates.
	Category
	Airflow per Person (l/s/person)
	CLP Points Awarded

	I
	10
	50

	II
	7
	50

	III
	4
	25

	IV
	< 4
	0


When compared with standard EN 15251, 0 CLP points are awarded for Category IV, 25 for Category III, and all 50 CLP are awarded for categories I and II.
Once the CLP are added from both categories, they are converted to evaluation points based on the criteria listed in Table 9.
[bookmark: _Ref501716401][bookmark: _Toc503174702][bookmark: Tab009]Table 9.  Conversion of Total Indoor Air Quality CLP into Evaluation Points.
	
	CLP
	Evaluation Points

	Limit Value
	35
	1

	Reference Value
	50
	5

	Target Value
	100
	10


[bookmark: _Toc493537220][bookmark: _Toc493537270][bookmark: _Toc503174657]BREEAM
In BREEAM, indoor air quality is covered in the Health and Wellbeing Category Hea 02. The number of credits available are building type dependent and there are no minimal standards. The category is broken two into two major sections: minimizing sources of air pollution (4 credits) and adaptability (potential for natural ventilation).
There are four major sections (worth one credit each) of minimizing air pollution: Indoor Air Quality plan, Ventilation, Volatile Organic Compound (VOC) emission levels in products, and VOC emission levels post-construction.
To earn the credit for an Indoor Air Quality plan, a plan must be formulated that describes: removal of containment sources, dilution and control of containment sources, procedures for pre-occupancy flush out, third-party testing and analysis, and maintaining indoor air quality in-use.
To earn credit for ventilation, fresh air must be provided into the building in accordance with the relevant standard for ventilation, ventilation pathways must be designed to minimize the buildup of air pollutants in the building, HVAC systems must incorporate suitable filtration as defined by EN 13779:2007, and areas of the building that have unpredictable or variable occupancy patterns have CO2 or air quality sensors specified.
Both criteria for VOCs stipulate that an Indoor Air Quality plan has been established (the first credit is earned). To receive credit for VOC emission levels in products, all paints and varnishes must adhere to the requirements of Table 17 in the BREEAM Technical Manual and furthermore at least five of the eight remaining product categories must meet the emissions requirements listed in the table.
To receive credit for VOC emission levels post-construction there are five additional criteria that need to be met:
1. Post-construction, but pre-occupancy levels of formaldehyde must be less than or equal to 100 micrograms/m3.
 Post-construction, but pre-occupancy levels of TVOC must be less than or equal to 300 micrograms/m3.
Where criteria 1 and 2 are not met, the project team will have to confirm that measures will be taken in accordance to the IAQ plan to bring these levels to the requirement.
Testing and measurements of the mentioned pollutants are done in accordance with ISO standard 16000-3,4,6 where applicable.
The measured levels of TVOC and formaldehyde are reported via the BREEAM scoring and reporting tool.
[bookmark: _Toc493537221][bookmark: _Toc493537271][bookmark: _Toc503174658]Indoor Air Quality Comparison and Summary
While it is possible to earn points for indoor air quality (IAQ) in BREEAM, for the DGNB and LEED there is a minimum required level. However, in BREEAM there are four categories for which a building can earn points: an air quality plan, ventilation, VOC emissions levels in products, and VOC emission levels post-construction. DGNB, on the other hand ,only has two categories in which a building can receive points: ventilation rate and TVOC concentration. Finally, LEED takes a similar approach as BREEAM despite having two mandatory categories. LEED takes into account: MAQP, environmental smoke control, enhanced IAQ strategy, exterior cross-contamination prevention, IAQ management, and IAQ assessment. Since many of the categories in BREEAM and LEED are more design based than quality based, these standards can only be compared to DGNB in terms of TVOCs, Formaldehyde, and ventilation rate (Table 10).
[bookmark: _Ref499240289][bookmark: _Toc503174703]Table 10.  Summary of IAQ Requirements.
	Standard
	Minimum Requirement
	Minimum Accredited Formaldehyde Level
	Maximum Accredited Formaldehyde Level
	Minimum Accredited TVOC
Level
	Maximum Accredited TVOC
Level

	DGNB
	YES
	≤120
	≤60
	≤3000
	≤500

	LEED
	YES
	≤120
	≤27
	≤3000
	≤500

	BREEAM
	NO
	N/A
	≤100
	N/A
	≤300


[bookmark: _Toc493537222][bookmark: _Toc493537272][bookmark: _Toc498538140][bookmark: _Toc498613625][bookmark: _Toc498883846][bookmark: _Toc499557805][bookmark: _Toc501535672][bookmark: _Toc503174659]Daylight Comparison
[bookmark: _Toc493537223][bookmark: _Toc493537273][bookmark: _Toc503174660]LEED
In an attempt to reduce the use of electrical lighting, connect building occupants with the outdoors, and reinforce circadian rhythms, LEED offers up to three points for daylighting for newly built or heavily renovated buildings. The first step of this credit is to provide manual or automatic glare control devices for all regularly occupied spaces.
To achieve this credit, there are three different options. The first option uses the simulation of spatial daylight autonomy and annual sunlight exposure. For new construction and heavily renovated buildings, buildings can earn 2 and 3 points, respectively, by demonstrating spatial daylight autonomy300/50% of 55 or 75% through computer simulation, and by achieving annual sunlight exposure of no more than 10%.
The second option is simulating illuminance. If illuminance can be simulated such that, for 75% of the occupied floor area, illuminance is between 300 and 3,000 lux at both 9am and 3 pm on a clear sky day at the equinox, then one point is awarded. If under the same conditions, 95% of the occupied floor area simulates illuminance, then two points are awarded.
The final option is measurement. If the same criteria as in option two can be met through measurement, then two points are awarded for 75% of the occupied area, and three points are awarded for 90% of the occupied area.
[bookmark: _Toc493537224][bookmark: _Toc493537274][bookmark: _Toc503174661]DGNB
Whereas LEED allows for three different options to receive the same three credits, DGNB takes a more thorough approach to daylighting in SOC 1.4-visual comfort. Visual comfort represents 2.6% of the total building score. There are six categories in which a building can earn evaluation points: availability of daylight throughout the building, availability of daylight in working areas for regular use, view to the outside, preventing glare in daylight, preventing glare in artificial light, and color rendering.
The first criteria is daylight factor (DF). In accordance with ISO 9836, if 50% of the usable area has a DF of greater than or equal to 1%, 1.5%, and 2%, then 8, 15, and 20 CLP are awarded, respectively.
The second criteria used is quite similar to that of LEED: availability of daylight in working areas for regular use. Through simulation through daylighting software (DIN V 18599), if the annual useful light is greater than or equal to 45%, 8 CLP are awarded. Furthermore, for values greater than or equal to 60% and 70%, 15 and 20 CLP are given, respectively.
The third criteria is “View to the outside,” which relates to window area proportions and sun/glare protection. CLP are awarded for exceeding the meeting the minimum criteria (8 CLP), then for meeting or exceeding (15 or 20 CLP) Class 2 of EN 14501.
Preventing glare from daylight is the fourth criteria. CLP are awarded for sun/glare protection systems that fall short of Class 1, meet Class 1, and meet or exceed Class 2 as per EN 14501 (10,15, and 20 CLP, respectively).
Preventing glare from artificial light is the fifth criteria. The Unified Glare Rating index (UGR) value should be calculated using simulation software in accordance with EN 12464-1. If the requirements set by the standard are met, 20 CLP are awarded.
The final criteria for visual comfort is color rendering. For both natural and artificial light, the rendering index (Ra) in all areas in constant use should be greater than or equal to 80 for 10 CLP, or greater than or equal to 90 for 20 CLP.
In the visual comfort criterion, up to 120 CLP can be earned, but a maximum score of 100 CLP can be counted. This maximum score translates into 10 evaluation points.
[bookmark: _Toc493537225][bookmark: _Toc493537275][bookmark: _Toc503174662]BREEAM
Daylighting in BREEAM is covered in the Health and Wellbeing category under Hea 01- Visual Comfort. This category has three subcategories: glare control (1 credit) and daylighting (up to two credits), view out (1 credit), and internal and external lighting, zoning and control (1 credit).
To earn the credit in glare control, two criteria must be met. The first of these criteria is that a glare control strategy is developed so that the potential for disabling glare is designed out of all relevant building areas. The second is that the glare control strategy avoids increasing lighting energy consumption.
If the glare control credit is achieved, buildings may achieve up to two credits for daylighting. In this case, office buildings can only achieve one credit. For office buildings to achieve the daylighting credit, 80% of all occupied areas must have an average daylight illuminance of 300 lux for 2000 hours of the year and a minimum daylight illuminance of 90 lux at the most dimly lit point for 2000 hours per year.
To earn the view out credit for office buildings, two prerequisites must be met. Ninety-five percent of the floor space of a relevant area must be within 7m of a wall with a window or an opening with an adequate view out. Furthermore, the window or opening must account for 20% or greater of the wall area.
To earn credit for internal and external lighting, zoning, and control, all of the prerequisites of all four categories must be met. For internal lighting, all lighting systems must be designed to avoid flicker and stroboscopic effects and all lighting should provide a sufficient illuminance level appropriate to the tasks undertaken according to CIBSE Code for Lighting 2012. All external lighting must be in accordance with BS 5489-1:2013 to ensure that illuminance levels are sufficient for users to perform outdoor visual tasks efficiently and accurately, especially at night. In addition to these criteria, there are zoning regulations for particular building types. In offices, zones cannot include more than four workplaces. Additionally, workspaces adjacent to windows/atria and other building areas must be separately zoned and controlled.
[bookmark: _Toc493537226][bookmark: _Toc493537276][bookmark: _Toc503174663]Daylight Summary
All three building standards vary in how much credit is given in terms of daylighting and what credit can be given for. All three standards offer credit for “glare control devices,” but they differ slightly in daylighting itself. LEED offers credit if an illuminance level of 300 to 3000 lux for 75% of the working area between 9 am and 3 pm on a clear sky day during the equinox. BREEAM, on the other hand ,offers credit for 2000 hours a year where the average illuminance is 300 lux and does not fall below 90 lux in 80% of occupied areas. Finally, DGNB correlates a DF (which is the ratio of illuminance on the working pane to the illuminance outside of the building) to a percentage of working space. Furthermore, it requires the lighting levels to be tested in overcast conditions. While all three have different ways of measuring daylighting, it can be seen that all systems three encourage illuminance levels of at least 300 lux average for working areas during daylight hours (2000 hours per year). Table 11 summarizes the percentage of working area where this 300 lux illumination receives credit.
[bookmark: _Ref499240374][bookmark: _Toc503174704]Table 11.  Summary of Lighting Requirements.
	
	Minimum % of Used Floor 
Area Meeting 300 lux
	Maximum % of Used Floor 
Area Meeting 300 lux

	LEED
	75
	90

	BREEAM
	0
	80

	DGNB
	45
	70


[bookmark: _Ref499241540][bookmark: _Toc503174664]Productivity and Indoor Environmental Quality
[bookmark: _Toc503174665]INTRODUCTION
The question facing the business owner who either owns or leases a new or refurbished office building is whether the additional cost of construction of a sustainable office building, increased investment in advanced refurbishment of existing building, or additional rent premium for a sustainable office space can be offset by reduced operating costs and improved productivity. The potential value of sustainable buildings is generally attributed to attractiveness for occupiers due to energy efficiency, productivity, employees’ wellbeing, potential tax exemptions, and other incentives as well as projection of a “socially responsible” image (Sayce, Sundberg, and Clements 2010; Ellison, Sayce, and Smith 2007; G. H. Kats 2003).
A growing number of empirical works use hedonic regression modeling to demonstrate that these advantages can turn into rental premium and higher occupancy rates resulting in higher asset values (Miller, Spivey, and Florance 2008; Chegut, Eichholtz, and Kok 2013; Wiley, Benefield, and Johnson 2010a; McAllister and Fuerst 2011) and decreased risk for investors (Sayce, Ellison, and Smith 2004). Several other papers, analyzed in the Value of Sustainable Buildings chapter, make a business case for “green” certified owner‐occupied or rented buildings. However, some authors argue that “green” certified buildings do not always deliver the anticipated workers comfort and cost benefits, e.g., (Paul and Taylor 2008)’s work on a study in Australia. Additionally, it has been argued in (Silva, Alexandre Faria, and Wai 2015) that “although for some parameters green buildings seem to perform better than the conventional buildings, and in comparison studies, the best green buildings usually outperform conventional buildings, there is no firm, consistent and systematic data showing that by default green buildings will perform better compared to conventional buildings as regards IEQ.” A 2005 report from The Royal Institute of Chartered Surveyors also challenges the notion that sustainable buildings will, or do, outperform their non‐sustainable, or less sustainable, counterparts (The Royal Institution of Chartered Surveyors 2005).
The objective for this chapter is to present and analyze the results of published studies connecting the improvement of IEQ in newly constructed or refurbished to “green building standards” office buildings, to increased workers’ productivity, reduced operating costs, and therefore to bottom line benefits for businesses occupying these buildings.
[bookmark: _Toc503174666]WHAT IS WORKER’S PRODUCTIVITY?
According to (The Royal Institution of Chartered Surveyors 2005), “productivity generally measures quantity - how much work is performed and delivered into goods and services and how efficiently. Quality of work is also important and in some cases can include easily-tracked outcomes such as errors, number of do-overs, and work completed on time. Yet for many types of knowledge-based work, these types of measurements are more difficult because the impacts of knowledge work are often not realized immediately and not always readily quantifiable.” Therefore, productivity measurements may include: work outcomes, as well as indicators of health (such as absenteeism) and indicators of wellbeing (including stress levels and mood). The economics of the organization depends on the costs to run the business and the value of its output. Production costs include, but are not limited to, the building (ownership or rent), operating costs of the building, the appropriate resources, materials, and supporting services, employee salaries and benefits, their recruitment and training, etc. When describing the extensive design and management guidelines for offices, (Charles et al. 2004) discusses the costs and outputs for organizations occupying offices. Some of their costs depend on economic conditions and market prices for materials, services, and labor market. Many of an organization’s costs are relatively straightforward to measure. For example, the amount spent on salaries or materials and supplies can be calculated. However, some costs consist of many elements and are difficult to estimate realistically. For instance, recruitment costs include resources for advertising a position, time spent by human resources to develop the position description, handle resumes, and arrange and conduct interviews among many other factors. Further based on (Charles et al. 2004), employees are the largest cost for the organization (Figure 5).
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[bookmark: _Ref498443084][bookmark: _Toc503174720]Figure 5.  Breakdown of Organizational Expenditures (Brill, Weidemann, and Associates 2001).
Similar analysis conducted by (The Royal Institution of Chartered Surveyors 2005)shows that staff salaries and expenditures make up the bulk of operational expenses associated with occupying an office building: over 85% of total workplace costs are spent on salaries and benefits, compared to less than 10% on rent and less than 1% on energy.
In regards to the output, many consider only the amount that individual workers produce, which may be difficult to measure. In the past, many office jobs were well-defined and repetitive, such as data entry and typing, which made output from these jobs relatively easy to measure and compare.
Now most office workers engage in more complex knowledge work, the output of which is more difficult to measure on an individual basis. Instead of measuring the contributions of a single worker, the output is measured as an aggregated sum of a team. Considering the inputs and outputs, the attitudes and behaviors of workers can have a significant impact on the bottom line of their organization.
The study by (Carlopio 1996) validated the belief that satisfied employees are more committed to their organization and less likely to leave. Analysis by (Podsakoff et al. 2000) concluded that satisfied and committed workers are more likely to put in extra effort at work, such as volunteering overtime or helping colleagues. In a study of almost 200,000 employees from 8,000 business units, (Harter, Schmidt, and Hayes 2002) found that those business units with higher average job satisfaction had lower staff turnover, higher customer satisfaction, and better business unit performance. Reducing staff turnover is a particularly important objective for organizations because it is estimated to cost up to twice a leaving employee’s salary to find and train a replacement.
Considering that the input-to-output ratio of an office is difficult to measure, (Jones Lang LaSalle 2014) offers a “3-30-300” rule of thumb, which estimates that organizations typically spend approximately $3 per square foot per year for utilities, $30 for rent, and $300 per for payroll (Figure 2).
While these figures are just approximations, they are useful to provide orders of magnitude between the three areas of expenditure. According to 3-30-300 model, the greatest financial savings of greening a workplace may not be energy, but productivity (Figure 6). A 2% energy efficiency improvement would result in savings of $0.06 per square foot (0.55 €/m2), but a 2% gain in productivity is worth $6 (5.15 €). The best strategy, therefore, is to identify measures that improve employee productivity and will also result in space efficiency, resource conservation or energy efficiency.
[bookmark: _Ref498443767][image: ]
[bookmark: _Ref501717232][bookmark: _Toc503174721]Figure 6.  Total Cost of Occupancy Breakdown According to (Jones Lang LaSalle 2014).
[bookmark: _Toc503174667]FACTORS AFFECTING OFFICE WORKERS’ PRODUCTIVITY
Per the Canadian “Workstation Design for Organizational Productivity” guidelines (Charles et al. 2004) employee attitudes and behaviors are affected by numerous different factors, including management practices, employee-employer relations, and salary. Workers’ health and wellbeing can also affect organizational productivity. Sick employees cannot work to their full cognitive capacity and may be absent. They may also require paid sick leave or make additional claims on health insurance. It has been reported that in Canada the average worker lost 9.5 days due to illness or disability in 2016 (Statistics Canada 2016). In addition to physical sickness, (Hardy, Woods, and Wall 2003) showed that employees with lower job satisfaction and psychological wellbeing (depression, anxiety) were more likely to be absent.
The cost of employee absence includes not only lost work from the individual, but also disruption and performance losses for co-workers. Improvements to the physical environment should also be considered another such incentive. The conditions of an office affect job satisfaction and all other attitudes and behaviors. In (Charles et al. 2004), 779 open-plan workstations in nine public and private sector buildings in the United States and Canada were surveyed and it was found that satisfaction with the environment contributed to overall job satisfaction. From other research, we can see how many employee attitudes and behaviors are affected by job satisfaction and are, therefore, indirectly affected by the environment. The office environment is not the only factor that can affect employees, but, considering how much time is spent in the office, it is a significant factor.
(Brill, Weidemann, and Associates 2001) conducted empirical, quantitative analyses of data from some 13,000 people in 40 business units between 1994 and 2000 that estimated that the physical environment could, on average, account for 24% of the factors affecting job satisfaction, 11% for team performance, and 5% for individual performance.
(G. H. Kats 2003; Robinson 2005; Ellison, Sayce, and Smith 2007) also studied the links between occupant health and productivity and a building environment, and demonstrated a possible link to the increased value of buildings resulting from this. (G. H. Kats 2003) demonstrated that there are significant productivity gains to be made from occupying LEED-certified buildings. (His example is based on the state of California estimates between $36.89 and $55.33 per square foot per year.) (Robinson 2005)’s analysis focused on the occupier perspective and demonstrated that, in terms of worth, sustainable buildings can generate higher values or benefits.
Furthermore, (Seppänen, Fisk, and Mendell 1999) estimated that the value of improved productivity in Finnish offices resulting from a reduction in the prevalence of SBS symptoms is annually approximately €330 per worker, assuming a 10% increase in productivity and a reduction in a relative risk of symptoms from 6 to 2. The relative risk has been calculated as the prevalence of the outcome in the group in buildings with a sick building syndrome divided by the prevalence of the outcome in the group in buildings with reduced prevalence of SBS symptoms. The cost of absenteeism was estimated by (Milton, Glencross, and Walters 2000), who observed 35% lower absenteeism in offices with a ventilation rate of 24 L/s per person (50.9 cfm/person) of outdoor air compared to offices ventilated at a rate of 12 L/s per person (25.4 cfm/person). This translated to a net savings of $400 per employee per year.
The Center for Building Performance & Diagnostics (CBPD), in collaboration with the Advanced Building Systems Integration Consortium (Loftness et al. 2003), have collected 140 case studies, of which approximately 50 link high performance components and systems to energy and to other life cycle benefits. The results of their research provides evidence that improved temperature control, air quality, lighting control, and access to the natural environment will result in measurable productivity, health, environment, facility management, churn, waste, emissions, attraction/retention, and energy savings.
They have identified several strategies for achieving thermal comfort and environmental quality, which include:
Decoupling ventilation and thermal conditioning
Mixed-mode conditioning with natural ventilation
Dynamic thermal zone sizing
Dynamic ventilation zones
Maximizing outside air ventilation rates and individual control
Improved site air quality, filtration, and delivery
Individual control of thermal conditions
Minimizing enclosure heat loss and heat gain
Thermal load balancing
High performance, plug and play HVAC assemblies
User-responsive automation
Individual access to nature
Daylighting without glare
High performance lighting assemblies
Dynamic lighting zone sizing and individual control
Natural ventilation and natural cooling
Design for solar conditioning with overheating control
Specify high performance, sustainable healthy building materials.
While many of these guidelines may increase first cost, none of these guidelines should create any additional energy costs, none can reduce thermal energy loads by 20-60%, and none can reduce lighting energy loads by 25-90%.
Table 12 lists cases collected by (Loftness et al. 2003) that link one or several strategies with improved productivity.
[bookmark: _Ref501721692][bookmark: _Toc503174705]Table 12.  Summary of Cases Collected by (Loftness et al. 2003).
	Strategy
	Impact on productivity 
	Life cycle benefit
	Effect on energy

	Individual temperature control for each worker
(eight studies)
	0.2 to 3% increases in overall productivity;
67-90% reduced churn costs
	Return on Investment (ROI) between 23% and 205%
	43% energy savings (one study)
14% HVAC energy use (one study)
Underfloor air systems save 8-34% of air-conditioning energy

	Improved ventilation
(15 studies) 
	Productivity gains range between 0.48-11% (six studies); 0.62-7.37% (six studies); 1.1-3.25% (three studies)
	
	

	Improved lighting design (12 studies)
	0.7-23% gains in individual productivity due to indirect-direct lighting systems, higher quality fixtures
	
	

	Improved lighting design (13 studies)
	3-13% productivity increase
	
	27-87% energy savings with daylight responsive dimming (6 studies); 40-88% energy savings through innovative controls (4 studies); 34-73% energy savings from higher quality fixtures (3 studies)

	Access to the natural environment (13 studies)
	3-18% productivity increase (7 studies) due to daylighting
0.4-15% productivity increase with natural ventilation with operable windows (6 studies)
10-15% productivity increase due to mixed-mode ventilation 
	
	8.6-75% energy use reduction 

	Combination of daylighting, controls, mixed-mode ventilation (nine studies)
	Productivity improvements of up to 18%
	
	39.6-75% reduction in annual HVAC energy consumption.


Additionally, the results of the (Wargocki and Diukanovich 2005) study provide rough estimates of the probable revenues resulting from improving the air quality in office buildings in developed parts of the world. They constitute a powerful argument and strong incentive for providing indoor air of a better quality than the minimum levels required by present standards. They examined whether the benefits from improved worker performance exceeded the costs required to improve air quality by increasing the outdoor air supply rate and reducing pollution loads in an office building. The study results show that the annual benefits from improved productivity are higher than the annual energy and maintenance cost, which are manifest at least 11 times in a building with a constant air volume system and at least six times in the building with a variable air volume system. The ratio of annual benefits and costs is higher in a low-polluting building because the required outdoor air supply rates are lower.
[bookmark: _Toc503174668]CONCLUSIONS
The literature analysis in Chapter 4 provides the evidence that improving IEQ and thermal comfort improves office worker’s productivity and wellbeing, reduces churn, and helps to attract and retain employees. Therefore, there are improvements to the organizational bottom line. Though the implementation of some high performance buildings’ strategies increase first costs, most of them individually or in combination result in a measurable reduction of operating costs. As has been shown in Chapter 2, “Building Sustainability and Certification Schemes,” achieving basic (lower) levels of sustainable building certification, does not necessarily require points for achieving high thermal comfort levels and/or IEQ. However, achieving higher levels of sustainable building certification does, which results in improved environmental quality or thermal comfort, as perceived by building occupants. As shown in Chapter 5, “Value of Sustainable Buildings” this perception to a great extent results in higher values of sustainable buildings and therefore, higher rent prices and increased rentability.
[bookmark: _Ref499241433][bookmark: _Ref499241461][bookmark: _Ref499241490][bookmark: _Toc503174669]Life Cycle Cost
When building stake holders make a decision pertaining to the construction of multiple building options, a life cycle cost analysis (LCCA) is performed. This goal of this type of analysis is to determine whether  a higher initial cost can be justified by future cost reduction or increase in revenues over a common time period at net present value (NPV). LCCA is conducted based on procedures defined by national and international standards on Life Cycle Cost Analysis, e.g., ISO 14040-44, ISO Standard 15686-5, the European standards EN 15804 and EN 15978. Several methods of economic evaluation of building or building system are defined by the International Association for Testing Materials (ASTM International) standards. These methods include, but are not limited to, life cycle cost (LCC) analysis, the benefit-to-cost ratio, internal rate of return, net benefits, payback, etc. These methods differ in their measure and, to some extent, in their applicability to particular types of problems. Guide E1185 directs the appropriate method for a particular economic problem. One method, described by E1185, is LCC analysis, which sums, in either present-value or annual-value terms, all relevant costs associated with a building or building time; annual value is calculated by converting the uniform annual amount, which is equivalent to the present value.
According to (ASTM Subcommittee E06.81 on Building Economics. 2007), uniform assumptions are applied in the economic analysis of all alternatives usually including, but not limited to, present value or annual value calculation method, base time and study period, general inflation rate, discount rate, comprehensiveness of the analysis, and operational profile of the building. For new building construction options, the present value of different options are typically calculated using:
		(4‑1)
where the NPV is calculated from the sum of initial costs (I), the present value of replacement costs (Rep), the present value of operation costs (O), less the residual value (Res) or the value of the building at the end of the study period (Kansal and Kadambari 2010). The present value can also include some other annual costs (e.g., insurance cost) and revenues (e.g., income from renting the building by the building owner) denoted as X.
Investment costs include costs related to planning, design, engineering, site acquisition and preparation, construction, and financing. These costs are usually expressed as units of cost (e.g., $/m2 or €/m2), and are specific to national or even local conditions (e.g., local labor costs, location of construction site, or available rebates).
Construction costs vary depending on submittal stage of the project (30%, 60%, and 90% completion). LCC analysis is repeated throughout the design process when more detailed construction costs are ascertained. Through analysis of historical data of similar facilities, preliminary construction costs can be determined. Alternatively, there are many cost estimating guides and databases that can be used for the same means. More detailed cost estimating techniques can be used at later stages of the design phase usually by relying on costs databases such as R.S. Means Building Construction Cost Database (Sieglinde and NIST 2016).
When a system is not expected to last throughout the whole study period, the cost of its replacement needs to be accounted for. The number and timing of capital replacements or second investments depend on the estimated life of the system and the length of the study period.
Operating costs can include, but are not limited to yearly average building operating (janitors, building operators, maintenance costs, energy costs, etc.)
To calculate the present value, initial investment costs (or any other costs occurring at time t = 0) need not be discounted to present value since they are already stated in present-value terms (ASTM Subcommittee E06.81 on Building Economics 2015).
To compute the operating (O) and other annual average costs/revenues (X), all relevant cash flows in periods t = 0 through t = N are discounted to a common point in time and summed.
The nominal discount rate (i) should be set at a rate that reflects the return on next best use of funds. This is superseded if the discount rate is legislated or mandated for the project. A discount rate may also include the general price inflation, which is known as a real discount rate. A “real” discount rate is a discount rate set in terms of net general price inflation. The relationship between the real discount rate(r), the nominal discount rate (i), and the general rate of inflation (I) is:
		(4‑2)
This same rate should be used in all LCCA alternatives.
Future energy costs are expected to change faster or slower than the rate of general price inflation, (i) and can be estimated in base-year constant dollars (euros) by multiplying the base-time value by the differential rate of price change:
		(4‑3)
where:
	e	=	the differential price escalation rate,
	Ct	=	the constant-dollar/euro value of a cost in year t, and
	C0	=	the cost at the beginning of the study period (the base time).
To calculate the LCC of a building option, each of the annual cash flows must be discounted to a common point in time and summed by:
	 	(4‑4)
where:
	Ct	=	the sum of the costs for given year, t
	N	=	the study period
	I	=	the nominal interest rate.
In LCCA, one can select the base case scenario against which each scenario will be evaluated. This allows to eliminate common cost categories without their detailed calculation (Kansal and Kadambari 2010).
[bookmark: _Ref498614324][bookmark: _Ref498615612][bookmark: _Toc503174670]Value of Sustainable Buildings
[bookmark: _Toc503174671]INTRODUCTION
As shown in Chapter 4, most of the LCCA of building construction and renovation projects is currently conducted using initial and replacement capital costs and operational costs savings. In his book Value beyond cost savings, Scott Muldavin describes how building sustainability can have multiple impacts on property value (underwriting). Muldavin mentions daylighting as an example that can contribute to worker productivity and thereby increase rents (Muldavin 2010). Daylighting can also reduce energy costs and thereby reduce operating expenses. Chapter 3 analysis provides research based evidence demonstrating how improved indoor environment in the building can benefit employers through improving workers’ productivity, reducing absenteeism, reducing the turnover of employees and associated training costs, and other corresponding benefits. In the case where the employer owns the building, the knowledge of the aforementioned benefits can drive the employer to build or renovate the building to energy and sustainability levels beyond those required by minimum codes. Multiple volunteer building certification schemes beyond currently used minimum codes are described in Section 2.6. But what if the building is built or renovated by the building owner and is leased to other tenants? What will be the incentive to the building owner to invest additional money into building construction to achieve higher standards without an opportunity to gain from the above mentioned benefits? This chapter summarizes some of the currently available knowledge on the value of “green buildings” beyond the operational cost reduction. This knowledge can be useful to building owners and financiers who make decisions regarding investing in the construction or renovation of buildings to higher sustainability standards. This analysis is limited only to commercial office buildings.
[bookmark: _Toc503174672]DRIVERS
Improving the bottom line through building energy efficiency is often reported as one of the direct economic benefits for real estate investors when considering the energy efficiency and sustainability of a portfolio (Jones Lange LaSalle 2009). In addition, institutional investors may have different investment beliefs when introducing corporate social responsibility criteria into their real estate investment strategy.
The global green building market grew in 2013 to $260 billion, including an estimated 20% of all new U.S. commercial real estate construction. This trend is expected to intensify internationally in the coming years (Lux Research 2014).
In the United States, the financial and legal service sectors, commercial banks, executive, legislative, and general offices began occupying LEED and Energy Star certified spaces over the 2004–2009 period (Eichholtz, Kok, and Quigley 2011). According to (Nelson and Rakau 2010), the move of tenants towards green real estate is due to enhanced reputation benefits, corporate social responsibility mandates, and employee productivity. According to the survey reported in (Bernstein 2010), 75% of firms view sustainability as consistent with their profit missions and 73% of corporate leaders expect to attract and retain customers as a direct result of their sustainability efforts.
A 2012 McGraw-Hill Construction global survey of construction firms from 62 countries found that 63% of construction firms had new green commercial projects planned between 2013 and 2015. 45% had plans for new green institutional projects, and 50% had plans for green renovation work. 61% of corporate leaders believe that sustainability leads to market differentiation and improved financial performance (McGraw-Hill Construction and United Technologies 2012).
Since 2009, the NCC Group, one of the leading construction and property development companies in Scandinavia, has aimed to have all of its commercial property developments assessed and certified to at least the BREEAM “Very Good” level, claiming that such buildings are “definitely higher valued and create safer long-term investments.” This is corroborated with several case studies from Scandinavian countries in (PropertyEU 2014).
With regards to the public sector, it is noteworthy that intervention from governments around the world to achieve higher levels of energy efficiency and sustainability in the building sector, has increased substantially during the last two decades. For example, for new construction or major building retrofits LEED v.4 certification requirements are aligned with federal sustainability and energy efficiency requirements, and BREEAM certification is required in UK. Also, building certification using one of certification schemes, (e.g., LEED, BREEAM, Australia’s Green Star[footnoteRef:1], NABERS[footnoteRef:2], and DGNB) and disclosure has become mandatory policy in several large cities in the United States, Australia, and Europe (JCI 2012). [1:  Green Star is Australia's certification scheme for the design, construction and operation of sustainable buildings and communities.]  [2:  NABERS is Australia's building rating system that measures the energy efficiency, water usage, waste management and indoor environment quality.] 

[bookmark: _Toc503174673]RESULTS OF STUDIES
Recent studies on the asset value of green office buildings, have shown that green buildings generally have a higher market value, leasing premiums, and increased rental rates, compared with conventional buildings. Table 13 summarizes the results of some of these studies. These results were found in the EEB HUB report (Wachter 2012) and are based on extensive literature overview and analyses; they provide evidence on substantial price and rent premiums associated with major renovation of buildings in the commercial sector. The impact of the certification of renovated buildings using such schemes as LEED and Energy Star is analyzed using econometrics, combined with current real estate industry data to identify the relationships between green building practices and value. The econometric technique used in this study was based on hedonic regression to identify the impact of green investments on building value. At its core, the approach compares the price of two buildings deemed otherwise identical apart from the feature in question. In the case of green labels, researchers used data on building rent and value, controlling for building class, size, age, and other relevant features to determine how green labels alone influence the price (Anderson and Newell 2002; Parker and Chao 2000; Finlay 2011), and the occupancy rate (Fuerst and Mcallister 2009).
The research of (Miller, Spivey, and Florance 2008) is one of the first studies to evaluate green label premiums using a regression analysis framework. The study is based on CoStar datasets from 2003-2007. Using this database of 927 sales prices, they performed a hedonic regression analysis and among other findings, reported value premium of 10% for LEED buildings, although with limited statistical significance (15%). Data based on the research of (Wiley, Benefield, and Johnson 2010a) shows similar green premiums for value. They considered occupancy to be accounted both for rent and occupancy rates. Rent premiums were found to be between 15% and 17% (depending on the model used) and the sales price premium around 26.6% for LEED buildings.
The (McAllister and Fuerst 2011) regression analysis for rent and sales prices discussed in their report shows consistency of the data on premiums for green buildings with 5% rental premium and 25% sales price premium for LEED buildings.
The (Eichholtz, Kok, and Quigley 2010) analytical approach cited in their report differs somewhat from that of the previous papers. Using CoStar data, they compared green label buildings to conventional buildings within a 0.2 mile (0.32 km) radius, as opposed to using regression techniques to control for location differences. The study finds an effective rent premium of 10% for green labels and 9.4% for LEED (although this finding was only significant at the 10% level). Their estimated value premiums were 16.8% for green buildings, but there was no statistically significant premium associated with LEED.
Another regression based valuation study cited in the report was the one by (Kok, Miller, and Morris 2012), which focuses on LEED-EB buildings that have gone through the certification over the period 2005-2010. Using CoStar data for 374 LEED-EB properties and 582 buildings as a control group, Kok et al. were able to measure the change in rents for buildings that went through the certification compared to the changes in rents in buildings that did not go through these upgrades. They found a 5.2% premium in rent for LEED certification. An additional finding reported by Kok et al. is that occupancy is approximately 2% higher in green buildings than in similar non-green buildings. Combined they find that on average LEED-EB results in an increased value of $25/ft2 (231.17 €/m2).
In addition to the analysis based on the literature review, the EEB HUB report has assembled case studies to further analyze the underlying economics of building retrofits. One group of case studies includes light retrofits that on average have energy saving of 7.1%, an estimated payback of 1.4 years, and yield a 1-year ROI of 67.7%. The other includes deep retrofits that on average save 39% of energy consumption, pay back in 13.5 years, and have a return of 17.7% on invested capital. The report suggests, that more studies are required to provide standardized estimates of the costs associated with different levels of retrofits in different type of buildings.
Another interesting analysis (cited in (Muldavin 2010)) of 59 LEED Existing Building (EB) implementations showed that returns were robust, with an average payback of 1.5 years and a simple return on investment of 69%. All of the 59 projects demonstrated positive returns, with a minimum return of 11% and maximum payback period of 9 years. Returns were strong across geographies of the United States and for Certified, ,Silver and Gold LEED certifications. Implementation cost per square foot averaged a minimal $0.23 (2.40 €/m2) and ranged from $0.08 to $0.95 per square foot (0.74 to 8.78 €/m2).
The office properties in the analysis averaged 406,000 sq ft (37,718 m2) and were geographically dispersed through much of the United States. Ownership was typically institutional or large private investor. Sales price premiums from the studies ranged from 9.9 to 35% for LEED-certified properties.
In the 2010 report (Bernstein 2010), McGraw-Hill Construction conducted a study of global trends in “green” buildings with 1,026 total respondents from 69 countries. It has been concluded that “green” building is already widely adopted globally, with strong growth expected in most countries, but most particularly in the developing world. The percentage of firms expecting to have more than 60% of their projects certified “green” is anticipated to more than double from 18% then to 37% by 2018. Among major barriers for growth are higher first costs, which are particularly prominent in the Americas, especially in the United States and Colombia.
A common perception is that it is difficult to obtain a high rating without incurring increased building costs. However, the data on the cost premium for sustainable buildings is scarce. (Nalewaik and Venters 2008) cite diverse public and private sources showing a range of cost premium from 2 to 8%. One of the most referenced studies (G. Kats et al. 2003) on this topic was performed in 2003 for California’s Sustainable Building Task Force, a group of more than 40 California state government agencies. The report “The Costs and Financial Benefits of Green Buildings” examines the cost data and financial benefits of 33 LEED-certified projects (25 office buildings and eight school buildings) in California as compared to conventional designs for those buildings with actual or projected dates of completion between 1995 and 2004. Out of that data set, the eight LEED Bronze buildings had an average cost premium of less than 1%. The 18 Silver buildings averaged a 2.1% cost premium, while the six Gold buildings had an average premium of 1.8% and the premium for the single Platinum building was at 6.5%. The average premium for all 33 studied green buildings was slightly less than 2% ($3 to $5 per square foot). Based on this data and some other data points, the authors concluded, that there is evidence that building green becomes less expensive over time and with experience.
The Guidance on cost increase for Category 2 building with exceptional conditions compared to the standard building provided by (DGNB 2017) gives a range of cost increase between 3.6% and 9.5%. (Yudelson 2008) demonstrated incremental cost increase for LEED buildings using examples of the 2004 GSA study of two projects. The range of “green” cost premium to achieve LEED-certified level was 0.4-1.0% for LEED Certified, 0.0-1.0% for LEED Silver and 1.4-8.1% for LEED Gold. According to (Soulti and Leonard 2016), increase in capital costs for office building certified to different rating levels is: Very Good - 0.15%, Excellent – 1.5%, and Outstanding – 4.8%.
Various studies completed between 2000 to 2012 cited in (World Green Building Council 2013) and presented in Figure 7 show that actual cost premiums range from zero to 12.5%, with the higher premiums directly correlating with a higher standard of green (e.g., zero carbon performance).
Major business benefits expected from investments in “green” building are decreased operating costs and increased building value for “green” versus “non-green” projects. While there are some differences by country, for the most part, the reporting of these benefits is very consistent across the globe. The data in Figure 8 show some of the study results.
The research analysis of 10 years off financial performance data across a Bentall Kennedy-managed office portfolio (300 buildings) totaling 58 million sq ft (5.4 million m2), (34 million sq ft (3.3 million m2) in the United States, 24 million sq ft (2.2 million m2) in Canada) was conducted by Dr. Nils Kok of Maastricht University in the Netherlands and Dr. Avis Devine of the University of Guelph in Canada and published in September 2015 (Devine and Kok 2015). Overall, the results provide compelling evidence that buildings with sustainable certification outperform similar non-green buildings in terms of rental rates, occupancy levels, tenant satisfaction scores, and the probability of lease renewals.
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[bookmark: _Ref499446933][bookmark: _Toc503174722]Figure 7.  Cost Increase Associated with Building Sustainability (World Green Building Council 2013).
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Source: (MSCI 2015).
[bookmark: _Ref501703990][bookmark: _Toc503174723]Figure 8.  Return from Australian CBD Office Markets 2015: Green Star (Top) and NABERS (Bottom).
Highlights of the findings include:
Net effective rents, including the cost of tenant incentives, average 3.7% higher in LEED-Certified properties in the United States than in similar non-certified buildings.
Rent concessions, for LEED and BOMA BEST[footnoteRef:3] buildings in Canada, are on average 4% lower than in similar non-certified buildings. [3:  BOMA BEST is Canada’s largest environmental assessment and certification program for existing buildings] 

Occupancy rates during the period were 18.7% higher in Canadian buildings having both LEED and BOMA BEST certification, and 9.5% higher in U.S. buildings with ENERGY STAR certification than in buildings without certifications.
Tenant retention rates were 5.6% higher in Canadian buildings with BOMA BEST Level 3 certification than in buildings with no BOMA BEST certification.
The paper by (Chegut, Eichholtz, and Kok 2013), documents results of the study conducted in 2000-2009 and in 2013, in which average rent and sale prices of UK commercial office buildings certified using BREEAM “sustainability” and energy efficiency rating schemes were compared against non-certified buildings. The paper concluded that, for the sample of buildings located in London, the economic implications of BREEAM-rated office buildings compared with a control sample of conventional office buildings in the same neighborhood, at the point of means, results in a premium of 19.7% for rent and 14.7% for sales transactions, relative to non-certified buildings.
In 2015, the Australia Green Property Index Council reported an increase in annualized income return from Green Star rated offices compared to all reported office buildings: 12.9% compared to 6.6%. Offices in high NABERS Energy ratings (4-6 stars) outperform offices with low NABERS Energy ratings (0-3.5 stars), delivering an annualized return of 10.2% (Figure 8). Table 13 summarizes the results of the studies of the increased benefits of sustainable buildings mentioned in the previous text:
[bookmark: _Ref501703918][bookmark: _Toc503174706]Table 13.  Summary of Increased Benefit Findings.
	Green Building benefits
	Increased Market value compared to conventional buildings
	Period of the study
	Rating scheme
	Country
	Source

	Increased rental rates
	2% 
	2007-2009
	LEED
	USA
	(Eichholtz, Kok, and Quigley 2010)

	
	5%
	
	LEED cert
	USA
	(McAllister and Fuerst 2011; Fuerst and Mcallister 2009)

	
	15-17%
	
	LEED
	USA
	(Wiley, Benefield, and Johnson 2010b)

	
	2-6%
	2010
	LEED
	USA
	(Harrison and Seiler 2011)

	
	3.7%
	2004-2013
	LEED cert
	USA
	(Devine and Kok 2015)

	
	5.2
	2005-2010
	LEED-EB
	USA
	(Kok, Miller, and Morris 2012)

	
	6.5%
	
	Energy Performance Certificate
	The Netherlands
	(Kok and Jennen 2011)

	
	19.7%
	2000-2009, 2013
	BREEAM
	UK
	(Chegut, Eichholtz, and Kok 2013)

	
	10%
	2003-2007
	LEED
	USA
	(Miller, Spivey, and Florance 2008)

	Increased resale value
	10%
	2003-2007
	LEED
	USA
	(Miller, Spivey, and Florance 2008)

	
	13%
	2007-2009
	LEED
	
	(Eichholtz, Kok, and Quigley 2010)

	
	35%
	
	LEED cert
	USA
	(Fuerst and Mcallister 2009)

	
	26.6%; $130 per ft2 
	
	LEED cert
	USA
	(Wiley, Benefield, and Johnson 2010b)

	
	10.9% - new construction; 
6.8% for existing building
	
	
	USA
	(McGraw-Hill Construction and United Technologies 2012)

	
	2%, increase by $25/ft2
	2005-2010
	LEED-EB
	USA
	(Kok, Miller, and Morris 2012)

	
	17.7% - 67.7%
	
	LEED-EB
	USA
	(Wachter 2012)

	
	10%
	2003-2007
	LEED
	USA
	(Miller, Spivey, and Florance 2008)

	
	9.9 – 35%
ROI = 11-% - 69%
	
	LEED cert
	USA
	(Muldavin 2010)

	
	12%
	
	Green Star
	Australia
	(JCI 2012)

	
	9%
	
	NABERS 5-star
	Australia
	(JCI 2012)

	
	2-3%
	
	NABERS 3-4.5-star
	Australia
	(JCI 2012)

	
	ROI increase by 0.6
	
	NABERS
	Australia
	(JCI 2012)

	
	ROI increase by 4%
	
	Green Star
	Australia
	(MSCI 2015)

	
	14.7%
	2000-2009
	BREEAM
	UK
	(Chegut, Eichholtz, and Kok 2013)

	
	New building: 5%
	2012
	“Green”
Buildings
	Ave. 62 countries
	(Petrullo et al. 2016)

	
	Retrofit:4%
	
	
	
	

	
	New building: 7% 
	2015
	
	
	

	
	Retrofit:7%
	
	
	
	

	Payback Time for Green
Investments
(Years)
	New building: 7
	

2016
	
“Green”
Buildings
	Germany
	(Petrullo et al. 2016)

	
	Retrofit:5
	
	
	
	

	
	New building: 13
	
	
	UK
	

	
	Retrofit: 10
	
	
	
	

	
	New building: 8
	
	
	62 Countries
	

	
	Retrofit; 7 (2012), 6 (2015)
	
	
	
	

	
	Existing buildings: 1.4-13.5
	
	LEED-EB
	USA
	(Wachter 2012)

	
	1.5 – 9
	
	LEED-EB
	USA
	(Muldavin 2010)

	Higher occupancy
	9%
	
	LEED
	
	(Eichholtz et al. 2010)

	
	5%
	2007-2009
	LEED
	USA
	(Eichholtz, Kok, and Quigley 2010)

	
	16-18%
	
	LEED cert
	USA
	(Wiley, Benefield, and Johnson 2010b)

	
	8%
	
	LEED
	USA
	(Fuerst and Mcallister 2009)

	
	9.5%
	2004-2013
	LEED cert.
	USA
	(Devine and Kok 2015)

	
	18.7% (5.6% higher renewal rate)
	
	LEED+ BOMA BESt
	Canada
	


Certified “green” buildings (e.g., LEED, BREEAM, DGNB, Green Star, BOMA BESt, etc.) with lower operating costs and better IEQ are more attractive to a growing group of corporate, public and individual buyers. As described in detail by (McGraw-Hill Construction and United Technologies 2012), high performing building features will increasingly enter into tenants' decisions about leasing space and into buyers' decisions about purchasing properties.
Overall benefits resulting from construction of new and renovation of existing buildings to sustainable building standards typically offset additional construction cost. This conclusion is demonstrated in Figure 9, repro(USGBC 2015), which shows that, in LEED-certified buildings, integrative design and construction costs premiums can be offset by reduced operating costs and increased rental income.
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[bookmark: _Ref501892822][bookmark: _Toc503174724]Figure 9.  Operational Costs and Investment Costs for LEED-Certified Retail Buildings in Thousands of Dollars (USGBC 2015).
In his book (Muldavin 2010), Scott Muldavin summarizes the expert-based financial analyses of the value of sustainable buildings’ features, which result in: 
Faster absorption of tenants—improved pre-leasing
Competitive rents
Reduced tenant turnover
Competitive lease terms
Reduced operating and maintenance costs
Attracting superior grants, subsidies and other inducements
Achieving high or moderately high tenant satisfaction scores.
[bookmark: _Toc503174674]CONCLUSIONS
The data presented in this chapter show that commercial office buildings with “green” certifications have:
Increased resale value, ranging from 2 to 67%
Increased rental rates, ranging from 2 to 68%,
Simple payback, ranging from 1.4 to 13.5 years with ROI increase between 0.6% and 7% 
Higher occupancy rate, ranging from 5 to 18%.
These numbers vary by the country as well as well as within each country, but provides a good indication on the increase in value of sustainable buildings. Additionally, based on the literature review, it is safe to assume that, for the purpose of this study, the value of the capital cost premium can be assumed to be between 5% and 10%.
[bookmark: _Ref503171315][bookmark: _Toc503174675]Methodology of Valuation of Sustainability
The purpose of this document is to investigate if renting an office space in a sustainable building or constructing and owning a sustainable building to accommodate an office operation is a prudent business decision. An economic analysis is conducted for two cases: a rented office space and an employer-owned office building in three countries: the United States (Chicago), Germany (Munich), and Denmark (Copenhagen), that have already developed a market for sustainable buildings and have a relatively high cost of labor to the employer. These countries differ in the cost of energy (the lowest is in the United States and the highest is in Germany), rent rates (Denmark has a significantly lower rent rate than the United States), and significantly different minimum requirements for energy efficiency (energy use intensity [EUI] for an office building in Denmark is approximately four times lower than in the United States). The office buildings in all scenarios are considered to be outside of the central business districts, which have premium rental and construction costs.
Typical LCCA studies done for decision makers compare scenarios based on capital costs and typical operating costs, which include energy and maintenance costs. In spite of the evidence provided in Chapter 4 that labor is the highest cost to employer in the office building and that improvements in IEQ can improve workers’ productivity by up to 18% along other decreases in labor related costs, the labor cost factor has not yet been formally included as a parameter into the LCCA. The purpose of the analysis described in this chapter is to examine the impact of productivity improvements due to improved IEQ in the context of an LCCA for both rented space and new construction scenarios.
Based on conclusions made in Chapter 4, it is considered that the productivity in sustainable building certified as LEED Gold, BEEAM Very Good or DGNB Gold or higher levels, can consistently improve by 2 to 10%. For the rented space, it is assumed that the rental rates for sustainable office spaces can increase between 3% and 10% (based on concussions from Chapter 5). For the employer-owned office building, the construction cost increase is assumed to be between 5% and 10%. As it will be argued in Chapter 10, sustainable buildings that are certified to higher levels in Germany and in the United States are at least 19% more energy efficient than their non-certified counterparts, while in Denmark equally certified buildings offer no energy savings due to high existing national standards.For both rental and employer-owned office cases, the labor cost to the employer is assumed to be based on the national average office labor rates. Additionally, cases are examined for skilled labor at a rate of 1.5 times the national average.
The starting point for the analysis is a typical eight story office building with a total usable office space of 4,000 m2. It is assumed that each employee occupies 10 m2 of useable office floor space. It is assumed that sustainable buildings (SUS) and the baseline buildings (STD) have the same maintenance costs (maintenance savings of smaller mechanical systems of the energy efficient building are offset by the complicity of controls system). It is also assumed that equipment replacement and insurance costs are the same. No rebates and/or incentives for green buildings are available.
For the analysis of the first case (rented office space), the following scenario has been selected. The company renting an office building is planning to increase the sales of its services, which in the baseline  building will require an increase in the number of employees at the current productivity rate with the corresponding increase in the rented office area, operating (energy) costs, and an increase in labor costs. 
Alternatively, in the case of renting a certified “LEED Gold” (“Very Good BREEAM” or “Gold DGNB”) sustainable building, the productivity increase will result in a larger job that can be done by the same number of people in the original sized office space and consequently smaller labor cost and smaller energy bills, despite a higher rent rate. Therefore the number of employees (N) in the standard building and the required office area (A) due the productivity improvement percentage (α) can be expressed by equations (6-1) and (6-2).
Nsus = Nstd/(1+α/100)				 (6-1)
Asus = Astd/(1+ α/100)				 (6-2)
Economic analysis is conducted by comparing present value of cost related to renting the sustainable office building against the present value of renting the similar baseline office buildings designed and constructed to meet the minimum current national codes. Due to variations in currencies and units between countries featured in this study, the analysis is normalized to the Euro and SI units. 
The change in annual operations costs (O) during the year (i) due to energy use (E), labor (L), and rent (R) for the case with rented office space can be expressed by the following equation derived from Equation (4-1):
	Ostd-Osus=(Estd – Esus)i + (Lstd – Lsus)i + (Rstd-Rsus)i,	(6‑3)
where:
Estd – Esus is the difference in energy use in the baseline and in sustainable buildings, which can be expressed as:
	Estd – Esus = (eel EUIel + et EUIt)std Astd - (eel EUIel + et EUIt)sus Asus	(6‑4)
where eel and et are electrical and thermal energy rates, and EUIel and EUIt are electrical and thermal energy components of EUI, Astd and Asus are office space areas, m2, in the baseline and in a sustainable buildings.
If we assume energy efficiency reduction in sustainable buildings per m2 to be ε% compared to the baseline line building, and that the productivity improvement by α%, with the consideration of Equation (6-1) and Equation (6-2),  Equation (6-4) can be rewritten as
	Estd – Esus = (eel EUIel + et EUIt)std Astd (α+ε) /(100+α)	(6‑5)
Lstd – Lsus is the difference in annual labor cost in the year (i), which can be expressed as λ (Nstd – Nsus), where λ is the labor rate, €/hr. and can be expressed by the Equation (6-4),
	Lstd – Lsus = λ Nstd α /(100+ α)	(6‑6)
Rstd-Rsus is the difference in rental costs in the baseline and in sustainable buildings in the year (i), which can be expressed as rstd Astd– rsus Asus , where r is the rent rate, €/m2. Considering that there is a premium of ρ% on sustainable building rent and rsus = rstd (1+ρ/100), the change in the rental cost can be described by the following equation:
	Rstd-Rsus = rstd Astd (α- ρ)/(100+α)	(6‑7) 
With the owner occupied building scenario, the owner either constructs a baseline office building to the minimum national standard and to meet new sales goals has to employ more people, pay higher labor costs and higher energy bills, or elects to construct a sustainable building. With increased productivity, the building owner can choose to build a smaller building, pay a smaller labor cost and energy bills, but pay a premium per square meter to construct sustainable office building.
In the case with owner occupied sustainable office building, the change in required investments (capital costs) can expressed by the following equation:
	Istd - Isus  = Pstd Astd – Psus Asus	(6‑8)
where, Istd and Isus are investments required to build a baseline and sustainable building, respectively, €, and Pstd and Psus are capital costs €/m2. Considering that there is a premium of τ% on sustainable building construction, Psus = Pstd (1+τ/100), the increase in investments can be expressed as:
	Istd - Isus = Pstd Astd - Pstd (1+τ/100) Astd/(1+ α/100) = Pstd Astd (α – τ)/(100+α)	(6‑9)
[bookmark: _Toc503174676]Input Data
[bookmark: _Toc503174677]Concept of scenarios for the standard and sustainable buildings.
The productivity increase results a larger job can be done by the same number of people. In case of the rented space, to increase the sales of its services, the employer either needs to occupy a standard (not sustainable) building and increase the number of its employees, or to occupy a certified “LEED Gold” (“Very Good BREEAM” or “Gold DGNB”) sustainable building resulting in higher productivity and keep the number of its employees the same. The increase in the number of employees will result in proportional increase in the occupied floor space (rent) and proportionally increase in operating (energy) costs and proportionally increase in the labor cost. The use of the sustainable building results in an increase in rent per square meter of rented space.
With the owner occupied building, the baseline building is constructed to the minimum national standard and similarly to the rented space scenarios, the owner has to employ more people and pay a higher labor related cost and a higher energy bill, or must construct a sustainable building and pay a capital cost premium per m2, but will have smaller energy bills, a smaller number of employees, and a reduction in labor costs.
It is assumed that the number of employees is 400 for rented and employer-owned sustainable office building scenarios and, assuming that each employee occupies 10 m2 of useable office floor space, the total area of a sustainable office space is 4000 m2.
Economics analysis has been conducted using the Building Life Cucle Cost (BLCC) version 5.13-7 tool, which is backed by the United States Federal Energy Management Program (FEMP). For the U.S. scenarios, the tool uses has the most recent localized escalation rates for electricity and thermal energy. For Germany and Denmark escalation rates listed in Table 17 have been used.
Data for this project has been collected from multiple sources published at different times and presented in different currencies. For the sake of uniformity, all conversions from original sources use the following exchange rates: 1 USD = 0.859 Euro (XE 2017) and 1 DKK = 0.134 EUR (XE 2017)
Two distinct scenarios have been evaluated: rented office building (1) and owner occupied office building (2).
Rental Cost. In rented office space, productivity improvement results in additional savings of reduced rental space. However, the employer renting the office space in sustainable building has to pay a higher rental premium, compared to rates listed in Table 14, which according to conclusions of the Chapter 5 can range between 2% and 19.7%. Therefore, productivity increases of 3, 5, and 10% will be examined in this study. For each location selected for this study, the baseline building average rental costs per square meter have been collected, based on the most current local data (year 2016 or more recent) (Table 14).
[bookmark: _Ref499600902][bookmark: _Toc503174707]Table 14.  Rental and Capital Costs.
	Parameter
	Location

	
	Copenhagen
	Munich
	Chicago

	Cost of rent, €/(m2 yr).
	154.54 (Sadolin-Albæk 2016)
	200.4 (Colliers International 2017)
	289.04 (JLL 2017)

	Capital cost, €/m2
	1760.61(Molio Price Data 2017)
	1,445.00 (Turner & Townsend 2016)
	1,516.75 (CBRE 2017)


Capital Cost. Table 14 lists capital cost per square meter of the standard building for the case of employer-owned building. Following Base conclusions made in Chapter 6, the value of the capital cost premium for sustainable office building was assumed for the study to be 5 and 10%.
Energy use. In most countries, sustainable buildings are more energy efficient compared to the baseline buildings. However, the author’s survey conducted among engineering companies and academia in Denmark (e.g., Ramboll, AAU SBi) leads to the conclusion that current Danish energy code (BR2015) is so stringent that no additional energy efficiency is achieved in sustainable buildings built in Denmark. In regards to analysis for locations in the United States and in Germany, sustainable buildings are more energy efficient compared to the baseline at the LEED Gold equivalent level, but energy savings beyond 19% do not result in additional point credit. Therefore, it has been assumed that green buildings in the United States and in Germany are only 20% more energy efficient compared to their non-certified baseline counterparts (Scofield 2013).
According to the Danish Research Building Institute study (Wittchen and Kragh 2016), a baseline office building in Copenhagen constructed according to Building Regulation 2015 is designed to consume: 23.5 kWh/m2 yr for heating, 6.0 kWh/m2 yr and 7.3 kWh/m2 yr of electricity for building operation (Table 15). We assume that EUI in a sustainable building will be the same.
According to the Federal Ministry of Economy and Energy, Federal Ministry for the Environment, nature conservation, construction and reactor safety publication of the rules on energy consumption values and comparative values in non-residential buildings (Dr. Worm 2015), the EUI for the medium size baseline building in Germany is 30 kWh/m2 yr for electricity and 85 kWh/m2 yr for heat.
For the United States, the baseline EUI of the midsized office building located in Chicago (U.S. Department of Energy Climate Zone 5A) has been evaluated to meet the ASHRAE Standard 90.1-2010 requirement. The average EUI for the medium size office building meeting the ASHRAE Standard 90.1-2010 based on analysis (Halverson, Rosenberg, and Liu 2011) is 37.1 kBtu/ft2-yr or 126.59 kWh/m2 yr. According to ASHRAE Standard 100-2015, the ratios of Climate Zonal EUI for the medium size office building to average of all EUI for this building type is 1.11 (ASHRAE 2015). Therefore, assuming a boiler efficiency of 0.9, the average annual EUI for a baseline building located in Chicago is 149.5 kWh/m2 yr. For a sustainable building located in Chicago (20% more energy efficient) EUI is 119.6 kWh/m2 yr with an annual energy savings equal to 29.9 kWh/m2 yr. Based on the analysis conducted by the Oak Ridge National Laboratory for the ASHRAE Standard 100, the ratio between thermal energy and electrical energy consumed by the office building in Chicago (Climate Zone 5A) is 39.1% electricity and 60.9% thermal. Therefore, sustainable building will be using 10.6 kWh/m2 year less electricity and 19.3 kWh/m2 yr less thermal energy.
The data for energy use intensity, summarized in Table 15, shows that EUI for the office building is significantly lower in Copenhagen compared with the office building in Munich, with the EUI for Chicago to be the highest.
[bookmark: _Ref499602213][bookmark: _Toc503174708]Table 15.  EUI Baseline and Sustainable Cases.
	
	Copenhagen
	Munich
	Chicago

	Parameter
	Baseline
	Sustainable
building
	Baseline
	Sustainable building
	Baseline
	Sustainable
building

	EUI total,
kWh/m2 yr
	36.8
	36.8
	115
	92
	149.5
	119.6

	EUI electricity,
kWh/m2 yr
	29.5
	29.5
	30
	24
	54.9
	44.3

	EUI thermal,
kWh/m2 yr
	7.3
	7.3
	85
	68
	94.6
	75.3

	Energy savings,
kWh/m2 yr
	
	0
	
	23.0
	
	29.9


Energy costs for the year 2017 listed in Table 16 will be used for the analysis. It is important to note that the values used for electricity prices in Germany assume a 50/50 mixture of fossil fuels and renewables at rates of 0.07€ and 0.09€ per kWh, respectively, yielding an effective rate of 0.08€ per kWh. Furthermore, whereas Germany and Denmark primarily use district heating, in the United States natural gas is the most common means of supplying thermal energy and thus the prices for thermal rates represent different means of thermal energy supply.
[bookmark: _Ref501716673][bookmark: _Toc503174709]Table 16.  Energy Costs for 2017 Used in this Study.
	Parameter
	Copenhagen
	Source
	Munich
	Source
	Chicago
	Source

	Thermal, €/kWh
	0.04
	(Energistyrelsen 2017)
	0.08
	(DGNB 2017)
	0.02
	(Midwest Information Office : U.S. Bureau of Labor Statistics 2017)

	 Electricity, €/kWh
	0.09
	(Dansk Fjernvarme 2017)
	0.305
	(Statistischen Bundesamt 2017)
	0.15
	(Midwest Information Office : U.S. Bureau of Labor Statistics 2017)


It is assumed that the energy prices will be changed to match national energy price escalation rates (Table 17). In Germany and Denmark, a historic average of the inflation rates of past 25 years will be used; however in the United States the rate used will reflect the FEMP guidelines. It should also be noted that in the United States, energy escalation rates are projected into the future and vary from year to year and from region to region. Thus, the appropriate FEMP escalation guidelines will be used in the energy expenditure calculations. In Germany, however, energy escalation rates are not projected into the future and thus an average escalation rate will be calculated based on year 2010 to 2016 indices. Additionally, in Denmark, escalation rates are projected and those values will be used.
[bookmark: _Ref501716677][bookmark: _Toc503174710]Table 17.  Inflation and Escalation Rates by Country.
	Country
	Rate
	Value
	Source

	Germany
	Inflation
	1.8%
	(Triami Media BV 2017b)

	
	Escalation (Electric/Thermal)
	4.3%/1.6%
	(Statistischen Bundesamt 2017)

	Denmark
	Inflation
	1.9%
	(Triami Media BV 2017a)

	
	Escalation (Electric/Thermal)
	3%/4%
	(Energistyrelsen 2017)/(Dansk Fjernvarme 2017)

	USA
	Inflation
	3.0%
	(Lavappa, Kneifel, and O ’rear 2017)

	
	Escalation (Electric/Thermal)
	Varies
	(Lavappa, Kneifel, and O ’rear 2017)


[bookmark: _Toc503174678]Labor Cost to Employer.
According to (Eurostat 2017), the cost of labor cost to employer for Denmark and Germany is 42.00€ per hour and 33 € per hour, respectively. According to the (U.S. Department of Labor 2017), employer costs for employee compensation averaged 28.58 € per hour (Table 18).
Based on the data presented in Chapter 4, the following levels of workers’ productivity in sustainable buildings have been selected: 3%, 5%, and 10%.
The labor cost per m2 (Table 18) is calculated based on assumption that each office worker occupies in average area of 10m2
[bookmark: _Ref501716730][bookmark: _Toc503174711]Table 18.  Labor Cost by Country.
	Country
	Labor Cost
	Source of information

	
	€/(hr/person)
	€/(hr/m2)
	

	Germany
	42
	4.2
	(Eurostat 2017)

	Denmark
	33
	3.3
	(Eurostat 2017)

	USA
	28.58
	2.9
	(U.S. Department of Labor 2017)


It is assumed that the labor rate will be increased annually to match inflation and the energy prices will be changed to match national energy price escalation rates (Table 17). In Germany and Denmark, a historic average of the inflation rates of past 25 years will be used, however in the United States the rate used will reflect the FEMP guidelines. It should also be noted that in the United States, energy escalation rates are projected into the future and vary from year to year and from region to region. Thus, the appropriate FEMP escalation guidelines will be used in the energy expenditure calculations. In Germany, however, energy escalation rates are not projected into the future and thus an average escalation rate will be calculated based on year 2010 to 2016 indices. Additionally, in Denmark, escalation rates are projected and those values will be used. The variables that are to be changed are: energy price rates based on national averages and ranges and the productivity improvement range. To provide conservative results and to simplify the analysis, the replacement and maintenance costs of the base case and the sustainable building will be assumed to be the same and will not be included as part of the analysis.
Due to discrepancies in weekly working hours, number of national holidays, and amount of vacation time offered between countries, the average number of yearly working hours per country must be taken into consideration along with the labor cost presented in Table 19.
[bookmark: _Ref501716830][bookmark: _Toc503174712]Table 19.  Annual Labor Cost Reduction.
	Country
	Number of Yearly Working Hours
(OECD 2016)
	Labor Cost
	Labor Cost Reduction Due to Productivity Improvement €/(yr/m2)

	
	
	€/(yr person)
	€/(yr/m2)
	3%
	5%
	10%

	Germany
	1363
	57,246
	5,725
	(Eurostat 2017)
172
	286
	573

	Denmark
	1410
	46,530
	4,653
	140
	233
	465

	USA
	1783
	50,958
	5,096
	153
	255
	510


Based on the data presented in Table 19, in spite of the smallest number of working hours, per year, Germany has the highest labor cost to employer, with lowest labor cost in Denmark.
[bookmark: _Toc503174679]Preliminary Results
This chapter discusses the preliminary findings in terms of rental, capital, and energy cost reductions for scenarios described in Chapter 10, that are used in economic analysis presented in Chapter 12. 
[bookmark: _Toc503174680]Rental Costs
Rental costs for the three locations and three productivity increase levels considered in the economic analysis are compared in Figure 10. As can be expected, annual rental costs are the highest in Chicago and the lowest in Copenhagen for all scenarios. As described by Equation 9-5,  the difference in rental costs in the baseline and in sustainable buildings is proportional to the difference between productivity improvement α-ρ).   
In situations when the rental premium increase in the sustainable building is offset by the same rate of productivity increase, it is expected that rental premium will increase over the years to reflect the inflation rate (Table 17).
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[bookmark: _Ref501717257][bookmark: _Toc503174725]Figure 10.  Adjusted Annual Rental Cost.
[bookmark: _Toc503174681]Capital Cost
For comparison, Figure 11 shows capital costs for three locations and three productivity increase levels. Capital costs are the highest in Copenhagen and relatively similar in Munich and in Chicago. As was the case with annual rental cost, for all locations capital cost increase in sustainable building is offset by the same rate of productivity increase.
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[bookmark: _Ref501717292][bookmark: _Toc503174726]Figure 11.  Capital Cost.
[bookmark: _Toc503174682]Energy Use
The data in Figure 12 show that energy savings in Copenhagen are negligible compared to other locations since they reflect only 3 to 10% of changes in the office building area. As described by Equation 9-3, energy savings in sustainable building vs.standard building depend on energy efficiency improvement in sustainable buildings (ε) compared to the baseline line building and the productivity improvement (α). Though EUI of the sustainable building in Copenhagen is assumed to be the same as in the standard building, the total energy use in sustainable building will be smaller compared to the standard building due to the productivity increase to reflect the smaller size (area) of the required office space. In spite of smaller energy use by the office building locate in Munich compared to the one in Chicago, savings in the German office are greater due to a significant difference in energy rates.
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[bookmark: _Ref501717319][bookmark: _Toc503174727]Figure 12.  Adjusted Annual Energy Cost Savings.

[bookmark: _Ref503171357][bookmark: _Toc503174683]Results of Economic Analysis
Chapter 12 presents the results of the economic analysis of different scenarios of sustainable buildings in comparison to buildings built to minimum national standards, which are used as a baseline. The analysis was conducted using the methodology descriped in Chapter 9 and the input data described in Chapter 10. Scenarios for all locations have been divided into two groups: (1) the business employer uses a rented office space, and (2) the employer owns the office building. In both cases, the facilities are built to accommodate an increase in sales, which are calculated to be proportional to an (assumed) increase in productivity.
[bookmark: _Ref503174552][bookmark: _Toc503174684]Rented office scenario
The results of analysis for Chicago are presented in Appendix A (Tables A1 through A10), for Munich – in Appendix B (Tables B1 through B10) and for Copenhagen – in Appendix C (Tables C1 through C10). Data in (respective Appendix) Tables 1, 2, and 3 allow for the comparison of the economics of an office located in sustainable building against one in a standard building for productivity increases of 3, 5, and 10%, and a rent premium increases of 2, 5, and 10% accordingly. Figures 13-15 show that expenses related to labor cost for all scenarios have a significantly higher NPV, than all other components of operating costs in absolute numbers (between 95 and 99% for all locations), where savings in labor costs are directly related to productivity increase of employees.
[image: ]
[bookmark: _Toc503174728][bookmark: FigNum013]Figure 13.  NPV of Operating Cost Savings for Rented Office Space in Chicago.
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[bookmark: _Toc503174729][bookmark: FigNum014]Figure 14.  NPV Of Operating Cost Savings for Rented Office Space in Munich.
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[bookmark: _Toc503174730][bookmark: FigNum015]Figure 15.  NPV of Operating Cost Savings for Rented Office Space in Copenhagen.
For all scenarios described in this series of tables, electricity and thermal energy bills are lower in the sustainable office building due to energy efficiency improvement in Chicago and in Munich and due to productivity increase in all three locations. As was previously discussed, energy savings for Copenhagen office location are only due to the reduced size of the sustainable office space (Table 20).
[bookmark: _Ref501716989][bookmark: _Toc503174713]Table 20.  Energy Use Reduction in Modeled Scenarios of Sustainable Buildings.
	Location
	Electricity cost reduction, %
	Thermal energy cost reduction, %

	Chicago
	21.6 to 26.7%
	22.8 to 27.3%

	Munich
	22.4 to 27.3%
	22.6 to 27.5%

	Copenhagen
	2.9 to 9.1%
	2.9 to 9.09%


Rent-related savings depend on changes in the office space area and rent premium increase, which vary between -6.79% (3% productivity increase fails to offset a 10% rent premium increase) and 7.28% (10% productivity increase and 2% rent premium increase). Based on the results of analysis, the NPV of all operating savings to employer are positive for all scenarios (Table 21).
[bookmark: _Ref501716993][bookmark: _Toc503174714]Table 21.  Improvement in NPV of Operating Costs for Sustainable Office Buildings.
	Location
	Improvement In NPV Of Operating Costs for Sustainable Office Building, %

	Chicago
	2.4 to 9.0%

	Munich
	2.8 to 9.1%

	Copenhagen
	2.6 to 9.1%


Therefore, assuming the correctness of the data from the literature review showing that office workers are more productive with improved IEQ and that sustainable office buildings certified to LEED Gold or similar BREEAM and DGNB rating assures higher IEQ compared to the office space in the standard building, one can conclude that renting office in sustainable building and paying up to 10% higher rent premium is always cost effective.
A stress test showed that even with a 100% rent premium with assumed increase in office workers productivity by only 2%, NPV of operating cost of sustainable building is lower than compared to a standard building.
Tables 4, 5, and 6 (Appendices A, B, and C) are similar to the previous group of tables except for the increased labor rates of 150% and therefore higher total operating costs. These tables show that the NPV of labor costs is even higher (~96 to 99% in all three locations from the NPV of total costs) and that renting sustainable buildings results in greater absolute savings and therefore higher profitability to the employer (Figures 13-15).
[bookmark: _Toc503174685]Employer-owned office building scenario
[bookmark: GoTo]This group of scenarios differs from the ones described in Section 9.1 regarding the ownership of the office space. Instead of renting an office and paying annual rent proportional to the area of the office space, the owner builds the building with the office area required for the increased output, which is dependent on worker productivity. Therefore, the number of employees and labor costs, office area, and energy costs for these scenarios are the same as in the cases with the rental space. The difference is in the replacement of the NPV of rental costs with the capital cost, which is assumed to be 5% and 10% greater per square meter, than for the standard building.
Similar to what has been assumed in Section 9.1, the office in a sustainable building allows for higher worker productivity, and the employer has to hire more people if the office is located in the standard building office, which will result in an increase in the size of the office space to be built, higher labor costs, and higher utility bills (due to increase in office area and a greater energy use in a standard building). However, the capital cost per square meter of sustainable building is higher by 5% and 10%.
Data in Tables 7 and 8 (Appendices A, B and C) and Figures 16-18 show the results of the comparison of economics of an office located in sustainable building against one in a standard building, assuming average office working labor rates, productivity increases of 3%, 5%, and 10% and capital cost increases of 5% and 10%, respectively. NPV of expenses related to labor cost for all scenarios are between 95% and 99% of the NPV of total costs. For all locations, in cases where construction cost per square meter of a sustainable building is 5% higher than of the standard building, the total capital cost of the sustainable building is 1.94% higher than of a standard building with a productivity increase of 3%, equal to a productivity increase 5%, and 4.55% lower with productivity increases of 10%.
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[bookmark: _Ref501715199][bookmark: _Toc503174731][bookmark: FigNum016]Figure 16.  NPV of Capital and Operating Cost Savings for Employer-Owned Office Building in Chicago.
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[bookmark: _Toc503174732]Figure 17.  NPV of Capital and Operating Cost Savings for Employer-Owned Office Building in Munich.
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[bookmark: _Toc503174733][bookmark: FigNum018]Figure 18.  NPV of Capital and Operating Cost Savings for Employer-Owned Office Building in Copenhagen.
When the construction cost of a sustainable building increases by 10%, a productivity increase of 3% results in a capital cost increase by 6.8%, a 5% productivity increase reduces the capital cost increase to 4.76%, and the capital cost of a sustainable building is the same as of a standard building with a productivity increase of 10%. However, similarly to the rental space scenarios, the NPV of labor cost dominates and therefore the total NPV for all studied scenarios of the sustainable office building is lower than the NPV of a standard building.
For the studied scenarios in which capital cost increases, an adjusted payback due to energy and labor cost savings varies less than 1 year (Table 22), which makes investment in sustainable building profitable for the employer.
[bookmark: _Ref501704270][bookmark: _Toc503174715]Table 22.  Adjusted Payback.
	Location
	Adjusted payback, years

	
	Average labor cost
	Average labor cost increased by 50%

	Chicago
	0.2-0.7
	0.13-0.46

	Munich
	0.19-0.66
	0.12-0.44

	Copenhagen
	0.28-1.01
	0.19-0.67


[bookmark: _Toc503174686]ECONOMIC ANALYSIS FROM THE OFFICE BUILDING OWNER WITH MULTIPLE TENANTS PROSPECTIVE
While the set of scenarios discussed in Chapter 10 illustrates business aspects of renting a sustainable office building from the point of view of a tenant, the following analysis looks into the profitability of the building owner who constructs a sustainable office building and rents its spaces to multiple tenants. The data in Appendices A, B and C, allow a comparison of additional capital costs with premium revenues for sustainable office building. A comparison of the graphs shown in Figure 19 shows that a sustainable building contraction cost increase of 10% in Chicago has a simple payback below 20 years even with 2% increase in rental premium and below 5 years with 10% in a rental premium increase. In Munich simple payback below 20 years can be achieved at the rental premium of 2% only when construction cost premium does not exceed 5%. But with the rental rate premium of 5% and above, the construction cost premium of 10% can be paid back in less than 15 years. For the office building located in Copenhagen, payback under 15 years in the case of 10% of capital cost increase, can be achieved with the rent increase by 10% or better, and with the rental premium increase of only 5% in the case of the capital cost increase limited to 5%.
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[bookmark: _Ref501717655][bookmark: _Toc503174734]Figure 19.  Return on Investment in a Sustainable Office Building Premium Capital Cost for Three International Locations.
[bookmark: _Ref503171304][bookmark: _Toc503174687]Discussion
Sustainable buildings with LEED, BREEAM, and DGNB certification are typically more energy efficient compared to those built to minimum national standards and have better IAQ and thermal comfort. In some countries with very stringent energy codes, e.g., in Denmark, it is not cost effective to build new buildings beyond national standard requirements for energy efficiency; in such cases, certification points in building certification schemes are therefore earned in other categories, e.g., those related to sustainability and IEQ.
Multiple studies have demonstrated that, for some parameters, sustainable buildings outperform conventional buildings. However, as it has been shown in Chapter 2, there is no firm, consistent, and systematic data showing that sustainable buildings by default have better IAQ or thermal comfort; basic (lower) levels of sustainable building certification do not necessarily require points for achieving high thermal comfort levels and/or IEQ. However, achieving higher levels of sustainable building certification (e.g., LEED Gold, BREEAM Very Good or DGNB Gold or higher) does, which results in improved environmental quality or thermal comfort, as perceived by building occupants.
Previous research conducted around the world (analyzed in Chapter 4) shows a good correlation between IEQ and higher workers productivity, which ranges between 3% and 20% and even better. Sustainable buildings improve office worker’s productivity and wellbeing, reduce absenteeism and churn, and help to attract and retain employees.
Recent studies on the asset value of sustainable office buildings summarized in Chapter 5, show that the advantages of sustainable buildings, which contribute to the business’s bottom line, along with prestige from having the company offices in buildings certified to high sustainability levels, result in a documented higher market value, increased rentability, and higher rent premiums that businesses are willing to pay.
The objective of this project was to investigate if renting an office space in a sustainable building or the construction and ownership of a sustainable building to accommodate an office operation is a prudent business decision in three different countries differing in energy costs, rental rates, capital costs, and minimum requirements for energy efficiency. The results of the analysis showed that renting office space in a sustainable building and paying up to a 10% higher rent premium is always cost effective. For the case of the employer owned building, the analysis showed that, in all scenarios in which the capital cost increases, the adjusted payback due to energy and labor savings is less than 1 year. However, the profitability for a building owner who constructs a sustainable building and rents it to multiple tenants varies greatly depending on the market; the adjusted payback can vary from less than 5 years to over 50 depending on construction cost increases and rental premium increases. The business case for constructed buildings that are rented to multiple tenants varies greatly by location. For example, in Chicago in all examined cases, the payback is under 17.5 years and can be as low as 2.6 years. However, in Copenhagen, payback within the study period can only be achieved with rental premiums of at least 5% over standard cost. Further market maturity will result in reduced capital costs and therefore lower payback periods.
[bookmark: _Toc503174688]Conclusions
The analysis conducted in this study confirms research data available from literature, that labor cost is the largest (95% and above) single operating cost to the employer in office buildings, followed by the cost of rent and energy cost. However, in a sustainable building, when the value of the productivity increase rate is lower than the value of rent rate increase (α- ρ < 0 per Equation 6-7), then the absolute rent cost will be higher, but the overall operating expenses (including labor costs) will always be lower.
In the case of an employer-owned office building, the capital cost of a sustainable building may be higher (when productivity increase rate is lower than the capital cost increase rate), but due to improved workers productivity and the consequent reduced labor cost, the payback for the extra cost to build sustainable building is short (usually bellow 1 year).
The results of the study show that, in countries with the labor rates typical to countries located in the European Union and North America, with a rental rate increase by up to 50% and a construction cost increase by 10%, owning or renting an office in a sustainable building certified to high certification level (LEED Gold and above) is always cost effective assuming that this results in productivity increase of at least 3%.
When office buildings are constructed for rent to multiple tenants, profitability of constructing a sustainable building vs. a standard building depends on a local market. In such locations as Chicago and Munich, for example, an increase in construction cost of 10% has an ROI of less than 15 years with a rental premium increase starting at 5% while a similar ROI in Copenhagen would require a 10% increase in rental premium.   
The results of this study can be used to broaden the standard scope of LCC analysis of new construction projects to account for reduced labor costs due to the effect of building sustainability.
[bookmark: _Ref503171339][bookmark: _Toc503174689]Further Investigations 
The studies described in Chapter 4 show compelling evidence that office workers’ productivity increases due to better indoor environmental quality when repetitive tasks, such as typing, are performed. However, repetitive tasks are not the only work performed in an office setting. More research is required to gain an understanding of the effect of high indoor environmental quality in sustainable buildings on non-repetitive office tasks such as group work and decision making, and whether that effect results in higher operational outputs. It is also not yet fully understood what the effects of improved indoor environmental quality are for the retention of highly skilled professionals. Furthermore, it has been hypothesized that office layout and interior design associated with sustainable buildings influence employee satisfaction and thus their retention. 
Chapter 8 summarizes the results of case studies and currently available knowledge on the costs and value of sustainable buildings including construction costs, rental rates, resale values, and ROI. These case studies have been conducted between 2000 and 2013 primarily in North America and Australia. Most of the studied buildings achieved high LEED certification levels in North America and high Green Star and NABERS certification levels in Australia. With BREEAM having the largest market share in Europe, and DGNB gaining traction, there is a need to collect similar data on buildings with high levels of certification in these sustainability schemes. 
It will also be beneficial to update cost data from previous studies due to growing market acceptance of sustainable building schemes in recent years. Combined with the growing utilization of Building Information Modeling and a greater number of trained sustainability professionals including architects, engineers, and construction laborers, there is a significant potential for the cost premium for the construction of sustainable buildings to fall compared to standard buildings. 
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[bookmark: _Toc503174691]APPENDIX A. ECONOMIC COMPARISONS OF SUSTAINABLE AND STANDARD OFFICE BUILDINGS LOCATED IN CHICAGO, IL, USA.Table A1.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of
Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 2%

	Standard
	4120
	412
	618,000
	160,680
	29,771,120
	525,576,040
	556,125,840

	Sustainable
	4000
	400
	484,000
	124,000
	29,480,000
	510,268,000
	540,356,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	0.98%
	2.91%
	2.84%

	Productivity increase 5%, rent premium increase 2%

	Standard
	4200
	420
	630,000
	163,800
	30,349,200
	535,781,400
	566,924,400

	Sustainable
	4000
	400
	484,000
	124,000
	29,480,000
	510,268,000
	540,356,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	2.86%
	4.76%
	4.69%

	Productivity increase 10%, rent premium increase 2%

	Standard
	4400
	440
	660,000
	171,600
	31,794,400
	561,294,800
	593,920,800

	Sustainable
	4000
	400
	484,000
	124,000
	29,480,000
	510,268,000
	540,356,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	7.28%
	9.09%
	9.02%


Table A2.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 5%

	Standard
	4120
	412
	618,000
	160,680
	29,771,120
	525,576,040
	556,059,920

	Sustainable
	4000
	400
	484,000
	124,000
	30,348,000
	510,2680,00
	541,224,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-1.94%
	2.91%
	2.67%

	Productivity increase 5%, rent premium increase 5%

	Standard
	4200
	420
	630,000
	163,800
	30,349,200
	535,781,400
	566,857,200

	Sustainable
	4000
	400
	484,000
	124,000
	30,348,000
	510,268,000
	541,224,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	0.00%
	4.76%
	4.52%

	Productivity increase 10%, rent premium increase 5%

	Standard
	4400
	440
	660,000
	171,600
	31,794,400
	561,294,800
	593,850,400

	Sustainable
	4000
	400
	484,000
	124,000
	30,348,000
	510,268,000
	541,224,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	4.55%
	9.09%
	8.86%


Table A3.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 10%)
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 10%

	Standard
	4120
	412
	618,000
	160,680
	29,771,120
	525,576,040
	556,059,920

	Sustainable
	4000
	400
	484,000
	124,000
	31,792,000
	510,268,000
	542,668,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-6.79%
	2.91%
	2.41%

	Productivity increase 5%, rent premium increase 10%

	Standard
	4200
	420
	630,000
	163,800
	30,349,200
	535,781,400
	566,857,200

	Sustainable
	4000
	400
	484,000
	124,000
	31,792,000
	510,268,000
	542,668,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	-4.75%
	4.76%
	4.27%

	Productivity increase 10%, rent premium increase 10%

	Standard
	4400
	440
	660,000
	171,600
	31,794,400
	561,294,800
	593,850,400

	Sustainable
	4000
	400
	484,000
	124,000
	31,792,000
	510,268,000
	542,668,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	0.01%
	9.09%
	8.62%


Table A4.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 2%

	Standard
	4120
	412
	618,000
	160,680
	29,771,120
	789,392,000
	819,941,800

	Sustainable
	4000
	400
	484,000
	124,000
	29,480,000
	766,400,000
	796,488,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	0.98%
	2.91%
	2.86%

	Productivity increase 5%, rent premium increase 2%

	Standard
	4200
	420
	630,000
	163,800
	30,349,200
	804,720,000
	835,863,000

	Sustainable
	4000
	400
	484,000
	124,000
	29,480,000
	766,400,000
	796,488,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	2.86%
	4.76%
	4.71%

	Productivity increase 10%, rent premium increase 2%

	Standard
	4400
	440
	660,000
	171,600
	31,794,400
	843,040,000
	875,666,000

	Sustainable
	4000
	400
	484,000
	124,000
	29,480,000
	766,400,000
	796,488,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	7.28%
	9.09%
	9.04%


Table A5.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 5%

	Standard
	4120
	412
	618,000
	160,680
	29,771,120
	789,392,000
	819,941,800

	Sustainable
	4000
	400
	484,000
	124,000
	30,348,000
	766,400,000
	797,356,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-1.94%
	2.91%
	2.75%

	Productivity increase 5%, rent premium increase 5%

	Standard
	4200
	420
	630,000
	163,800
	30,349,200
	804,720,000
	835,863,000

	Sustainable
	4000
	400
	484,000
	124,000
	30,348,000
	766,400,000
	797,356,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	0.00%
	4.76%
	4.61%

	Productivity increase 10%, rent premium increase 5%

	Standard
	4400
	440
	660,000
	171,600
	31,794,400
	843,040,000
	875,666,000

	Sustainable
	4000
	400
	484,000
	124,000
	30,348,000
	766,400,000
	797,356,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	4.55%
	9.09%
	8.94%


Table A6.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 10%

	Standard
	4120
	412
	618,000
	160,680
	29,771,120
	789,392,000
	819,941,800

	Sustainable
	4000
	400
	484,000
	124,000
	31,792,000
	766,400,000
	798,800,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-6.79%
	2.91%
	2.58%

	Productivity increase 5%, rent premium increase 10%

	Standard
	4200
	420
	630,000
	163,800
	30,349,200
	804,720,000
	835,863,000

	Sustainable
	4000
	400
	484,000
	124,000
	31,792,000
	766,400,000
	798,800,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	-4.75%
	4.76%
	4.43%

	Productivity increase 10%, rent premium increase 10%

	Standard
	4400
	440
	660,000
	171,600
	31,794,400
	843,040,000
	875,666,000

	Sustainable
	4000
	400
	484,000
	124,000
	31,792,000
	766,400,000
	798,800,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	0.01%
	9.09%
	8.78%


Table A7.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5%, and 10% and Capital Cost Increase of 5%).
	Building
	Floor area, m2
	Number of employees
	NPV of energy consumption, €
	Capital cost, €
	NPV of labor, €
	NPV of total costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 5%

	Standard
	4120
	412
	618,000
	160,680
	6,249,010
	525,576,040
	556,059,920

	Sustainable
	4000
	400
	484,000
	124,000
	6,370,320
	510,268,000
	517,246,320

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-1.94%
	2.91%
	6.98%

	Productivity increase 5%, capital cost increase 5%

	Standard
	4200
	420
	630,000
	163,800
	6,3703,50
	535,781,400
	566,857,200

	Sustainable
	4000
	400
	484,000
	124,000
	6,370,320
	510,268,000
	517,246,320

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	0.00%
	4.76%
	8.75%

	Productivity increase 10%, capital cost increase 5%

	Standard
	4400
	440
	660,000
	171,600
	6,673,700
	561,294,800
	593,850,400

	Sustainable
	4000
	400
	484,000
	124,000
	6,370,320
	510,268,000
	517,246,320

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	4.55%
	9.09%
	12.90%


Table A8.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5%, and 10% and Capital Cost Increase of 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 10%

	Standard
	4120
	412
	618,000
	160,680
	6,249,010
	525,576,040
	556,059,920

	Sustainable
	4000
	400
	484,000
	124,000
	6,673,720
	510,268,000
	517,549,720

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-6.80%
	2.91%
	6.93%

	Productivity increase 5%, capital cost increase 10%

	Standard
	4200
	420
	630,000
	163,800
	6,370,350
	535,781,400
	566,857,200

	Sustainable
	4000
	400
	484,000
	124,000
	6,673,720
	510,268,000
	517,549,720

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	-4.76%
	4.76%
	8.70%

	Productivity increase 10%, capital cost increase 10%

	Standard
	4400
	440
	660,000
	171,600
	6,673,700
	561,294,800
	593,850,400

	Sustainable
	4000
	400
	484,000
	124,000
	6,673,720
	510,268,000
	517,549,720

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	0.00%
	9.09%
	12.85%


Table A9.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5%, and 10% and Capital Cost Increase of 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 5%

	Standard
	4120
	412
	618000
	160680
	6249010
	789392000
	796419690

	Sustainable
	4000
	400
	484000
	124000
	6370320
	766400000
	773378320

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-1.94%
	2.91%
	2.89%

	Productivity increase 5%, capital cost increase 5%

	Standard
	4200
	420
	630000
	163800
	6370350
	804720000
	811884150

	Sustainable
	4000
	400
	484000
	124000
	6370320
	766400000
	773378320

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	0.00%
	4.76%
	4.74%

	Productivity increase 10%, capital cost increase 5%

	Standard
	4400
	440
	660000
	171600
	6673700
	843040000
	850545300

	Sustainable
	4000
	400
	484000
	124000
	6370320
	766400000
	773378320

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	4.55%
	9.09%
	9.07%


Table A10.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5%, and 10% and Capital Cost Increase of 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 10%

	Standard
	4120
	412
	618,000
	160,680
	6,249,010
	789,392,000
	796,419,690

	Sustainable
	4000
	400
	484,000
	124,000
	6,673,720
	766,400,000
	773,681,720

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	21.68%
	22.83%
	-6.80%
	2.91%
	2.86%

	Productivity increase 5%, capital cost increase 10%

	Standard
	4200
	420
	630,000
	163,800
	6,370,350
	804,7200,00
	811,884,150

	Sustainable
	4000
	400
	484,000
	124,000
	6,673,720
	766,400,000
	773,681,720

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.17%
	24.30%
	-4.76%
	4.76%
	4.71%

	Productivity increase 10%, capital cost increase 10%

	Standard
	4400
	440
	660,000
	171,600
	6,673,700
	843,040,000
	850,545,300

	Sustainable
	4000
	400
	484,000
	124,000
	6,673,720
	766,400,000
	773,681,720

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	26.67%
	27.74%
	0.00%
	9.09%
	9.04%


[bookmark: _Toc503174692]APPENDIX B. ECONOMIC COMPARISONS OF SUSTAINABLE AND STANDARD OFFICE BUILDINGS LOCATED IN MUNICH, GERMANYTable B1.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 2%

	Standard
	4120
	412
	1,108,280
	589,160
	17,831,360
	509,417,400
	528,946,200

	Sustainable
	4000
	400
	860,000
	456,000
	17,660,000
	494,580,000
	513,556,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	0.96%
	2.91%
	2.91%

	Productivity increase 5%, rent premium increase 2%

	Standard
	4200
	420
	1,129,800
	600,600
	18,177,600
	519,309,000
	539,217,000

	Sustainable
	4000
	400
	860,000
	456,000
	17,660,000
	494,580,000
	513,556,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	2.85%
	4.76%
	4.76%

	Productivity increase 10%, rent premium increase 2%

	Standard
	4400
	440
	1,183,600
	629,200
	19,043,200
	544,038,000
	564,894,000

	Sustainable
	4000
	400
	860,000
	456,000
	17,660,000
	494,580,000
	513,556,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	7.26%
	9.09%
	9.09%


Table B2.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 5%).
	Building
	Floor Area, m2
	Number of
Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 5%

	Standard
	4120
	412
	1,108,280
	589,160
	17,831,360
	509,417,400
	528,946,200

	Sustainable
	4000
	400
	860,000
	456,000
	18,180,000
	494,580,000
	514,076,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-1.96%
	2.91%
	2.81%

	Productivity increase 5%, rent premium increase 5%

	Standard
	4200
	420
	1,129,800
	600,600
	18,177,600
	519,309,000
	539,217,000

	Sustainable
	4000
	400
	860,000
	456,000
	18,180,000
	494,580,000
	514,076,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	-0.01%
	4.76%
	4.66%

	Productivity increase 10%, rent premium increase 5%

	Standard
	4400
	440
	1,183,600
	629,200
	19,043,200
	544,038,000
	564,894,000

	Sustainable
	4000
	400
	860,000
	456,000
	18,180,000
	494,580,000
	514,076,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	4.53%
	9.09%
	9.00%


Table B3.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 10%

	Standard
	4120
	412
	1,108,280
	589,160
	17,831,360
	509,417,400
	528,946,200

	Sustainable
	4000
	400
	860,000
	456,000
	19,044,000
	494,580,000
	514,940,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-6.80%
	2.91%
	2.65%

	Productivity increase 5%, rent premium increase 10%

	Standard
	4200
	420
	1,129,800
	600,600
	18,177,600
	519,309,000
	539,217,000

	Sustainable
	4000
	400
	860,000
	456,000
	19,044,000
	494,580,000
	514,940,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	-4.77%
	4.76%
	4.50%

	Productivity increase 10%, rent premium increase 10%

	Standard
	4400
	440
	1,183,600
	629,200
	19,043,200
	544,038,000
	564,894,000

	Sustainable
	4000
	400
	860,000
	456,000
	19,044,000
	494,580,000
	514,940,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	0.00%
	9.09%
	8.84%


Table B4.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 2%

	Standard
	4120
	412
	1,108,280
	589,160
	17,831,360
	764,124,040
	783,652,840

	Sustainable
	4000
	400
	860,000
	456,000
	17,660,000
	741,868,000
	760,844,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	0.96%
	2.91%
	2.91%

	Productivity increase 5%, rent premium increase 2%

	Standard
	4200
	420
	1,129,800
	600,600
	18,177,600
	778,961,400
	798,869,400

	Sustainable
	4000
	400
	860,000
	456,000
	17,660,000
	741,868,000
	760,844,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	2.85%
	4.76%
	4.76%

	Productivity increase 10%, rent premium increase 2%

	Standard
	4400
	440
	1183,600
	629,200
	19,043,200
	816054,800
	836,910,800

	Sustainable
	4000
	400
	860,000
	456,000
	17,660,000
	741868,000
	760,844,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	7.26%
	9.09%
	9.09%


Table B5.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 5%

	Standard
	4120
	412
	1,108,280
	589,160
	17,831,360
	764,124,040
	783,652,840

	Sustainable
	4000
	400
	860,000
	456,000
	18,180,000
	741,868,000
	761,364,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-1.96%
	2.91%
	2.84%

	Productivity increase 5%, rent premium increase 5%

	Standard
	4200
	420
	1,129,800
	600,600
	18,177,600
	778,961,400
	798,869,400

	Sustainable
	4000
	400
	860,000
	456,000
	18,180,000
	741,868,000
	761,364,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	-0.01%
	4.76%
	4.69%

	Productivity increase 10%, rent premium increase 5%

	Standard
	4400
	440
	1183,600
	629,200
	19,043,200
	816,054,800
	836,910,800

	Sustainable
	4000
	400
	860,000
	456,000
	18,180,000
	741,868,000
	761,364,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	4.53%
	9.09%
	9.03%


Table B6.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 10%

	Standard
	4120
	412
	1,108,280
	589,160
	17,831,360
	764,124,040
	783,652,840

	Sustainable
	4000
	400
	860,000
	456,000
	19,044,000
	741,868,000
	762,228,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-6.80%
	2.91%
	2.73%

	Productivity increase 5%, rent premium increase 10%

	Standard
	4200
	420
	1,129,800
	600,600
	18,177,600
	778,961,400
	798,869,400

	Sustainable
	4000
	400
	860,000
	456,000
	19,044,000
	741,868,000
	762,228,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	-4.77%
	4.76%
	4.59%

	Productivity increase 10%, rent premium increase 10%

	Standard
	4400
	440
	1,183,600
	629,200
	19,043,200
	816,054,800
	836,910,800

	Sustainable
	4000
	400
	860,000
	456,000
	19,044,000
	741,868,000
	762,228,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	0.00%
	9.09%
	8.92%


Table B7.  Comparison of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 5%

	Standard
	4120
	412
	1,108,280
	589,160
	5,953,400
	509,417,400
	517,068,240

	Sustainable
	4000
	400
	860,000
	456,000
	6,069,000
	494,580,000
	501,965,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-1.94%
	2.91%
	2.92%

	Productivity increase 5%, capital cost increase 5%

	Standard
	4200
	420
	1,129,800
	600,600
	6,069,000
	519,309,000
	527,108,400

	Sustainable
	4000
	400
	860,000
	456,000
	6,069,000
	494,580,000
	501,965,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	0.00%
	4.76%
	4.77%

	Productivity increase 10%, capital cost increase 5%

	Standard
	4400
	440
	1,183,600
	629,200
	6,358,000
	544,038,000
	552,208,800

	Sustainable
	4000
	400
	860,000
	456,000
	6,069,000
	494,580,000
	501,965,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	4.55%
	9.09%
	9.10%


Table B8.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 10%

	Standard
	4120
	412
	1,108,280
	589,160
	5,953,400
	509,417,400
	517,068,240

	Sustainable
	4000
	400
	860,000
	456,000
	6,358,000
	494,580,000
	502,254,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-6.80%
	2.91%
	2.87%

	Productivity increase 5%, capital cost increase 10%

	Standard
	4200
	420
	1,129,800
	600,600
	6,069,000
	519,309,000
	527,108,400

	Sustainable
	4000
	400
	860,000
	456,000
	6,358,000
	494,580,000
	502,254,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	-4.76%
	4.76%
	4.72%

	Productivity increase 10%, capital cost increase 10%

	Standard
	4400
	440
	1,183,600
	629,200
	6,358,000
	544,038,000
	552,208,800

	Sustainable
	4000
	400
	860,000
	456,000
	6,358,000
	494,580,000
	502,254,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	0.00%
	9.09%
	9.05%


Table B9.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 5%

	Standard
	4120
	412
	1,1082,80
	589,160
	5,953,400
	764,124,040
	771,774,880

	Sustainable
	4000
	400
	860,000
	456,000
	6,069,000
	741,868,000
	749,253,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-1.94%
	2.91%
	2.92%

	Productivity increase 5%, capital cost increase 5%

	Standard
	4200
	420
	1,129,800
	600,600
	6,069,000
	778,961,400
	786,760,800

	Sustainable
	4000
	400
	860,000
	456,000
	6,069,000
	741,868,000
	749,253,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	0.00%
	4.76%
	4.77%

	Productivity increase 10%, capital cost increase 5%

	Standard
	4400
	440
	1,183,600
	629,200
	6,358,000
	816,054,800
	824,225,600

	Sustainable
	4000
	400
	860,000
	456,000
	6,069,000
	741,868,000
	749,253,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	4.55%
	9.09%
	9.10%


Table B10.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 10%

	Standard
	4120
	412
	1,108,280
	589,160
	5,953,400
	764,124,040
	771,774,880

	Sustainable
	4000
	400
	860,000
	456,000
	6,358,000
	741,868,000
	749,542,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	22.40%
	22.60%
	-6.80%
	2.91%
	2.88%

	Productivity increase 5%, capital cost increase 10%

	Standard
	4200
	420
	1,129,800
	600,600
	6,069,000
	778,961,400
	786,760,800

	Sustainable
	4000
	400
	860,000
	456,000
	6,358,000
	741,868,000
	749,542,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	23.88%
	24.08%
	-4.76%
	4.76%
	4.73%

	Productivity increase 10%, capital cost increase 10%

	Standard
	4400
	440
	1,183,600
	629,200
	6,358,000
	816,054,800
	824,225,600

	Sustainable
	4000
	400
	860,000
	456,000
	6,358,000
	741,868,000
	749,542,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	27.34%
	27.53%
	0.00%
	9.09%
	9.06%
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[bookmark: _Toc503174693]APPENDIX C. ECONOMIC COMPARISONS OF SUSTAINABLE AND STANDARD OFFICE BUILDINGS LOCATED IN COPENHAGEN, DENMARKTable C1.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 2%

	Standard
	4120
	412
	127,720
	78,280
	13,851,440
	417,067,600
	431,125,040

	Sustainable
	4000
	400
	124,000
	76,000
	13,704,000
	404,920,000
	418,824,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	1.06%
	2.91%
	2.85%

	Productivity increase 5%, rent premium increase 2%

	Standard
	4200
	420
	130,200
	79,800
	14,120,400
	425,166,000
	439,496,400

	Sustainable
	4000
	400
	124,000
	76,000
	13,704,000
	404,920,000
	418,824,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	2.95%
	4.76%
	4.70%

	Productivity increase 10%, rent premium increase 2%

	Standard
	4400
	440
	136,400
	83,600
	14,792,800
	445,412,000
	460424800

	Sustainable
	4000
	400
	124,000
	76,000
	13,704,000
	404,920,000
	418824000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	7.36%
	9.09%
	9.04%
	9.09%


Table C2.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 5%

	Standard
	4120
	412
	12,7720
	78,280
	13,851,440
	417,067,600
	431,125,040

	Sustainable
	4000
	400
	12,4000
	76,000
	14,120,000
	404,920,000
	419,240,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	-1.94%
	2.91%
	2.76%
	2.91%
	2.91%

	Productivity increase 5%, rent premium increase 5%

	Standard
	4200
	420
	13,0200
	79,800
	14,120,400
	425,166,000
	439,496,400

	Sustainable
	4000
	400
	12,4000
	76,000
	14,120,000
	404,920,000
	419,240,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	0.00%
	4.76%
	4.61%

	Productivity increase 10%, rent premium increase 5%

	Standard
	4400
	440
	13,6400
	83,600
	14,792,800
	445,412,000
	460,424,800

	Sustainable
	4000
	400
	12,4000
	76,000
	14,120,000
	404,920,000
	419,240,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	4.55%
	9.09%
	8.94%


Table C3.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 10%

	Standard
	4120
	412
	127,720
	78,280
	13,851,440
	417,067,600
	431,125,040

	Sustainable
	4000
	400
	124,000
	76,000
	14,792,000
	404,920,000
	419,912,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	-6.79%
	2.91%
	2.60%

	Productivity increase 5%, rent premium increase 10%

	Standard
	4200
	420
	130,200
	79,800
	14,120,400
	425,166,000
	439,496,400

	Sustainable
	4000
	400
	124,000
	76,000
	14,792,000
	404,920,000
	419,912,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	-4.76%
	4.76%
	4.46%

	Productivity increase 10%, rent premium increase 10%

	Standard
	4400
	440
	136,400
	83,600
	14,792,800
	445,412,000
	460,424,800

	Sustainable
	4000
	400
	124,000
	76,000
	14,792,000
	404,920,000
	419,912,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	0.01%
	9.09%
	8.80%


Table C4.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 2%

	Standard
	4120
	412
	127,720
	78,280
	7,253,713
	417,067,600
	424,527,313

	Sustainable
	4000
	400
	124,000
	76,000
	7,394,560
	404,920,000
	412,514,560

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	-1.94%
	2.91%
	2.83%

	Productivity increase 5%, rent premium increase 2%

	Standard
	4200
	420
	130,200
	79,800
	7,394,562
	425,166,000
	432,770,562

	Sustainable
	4000
	400
	124,000
	76,000
	7,394,560
	404,920,000
	412,514,560

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	0.00%
	4.76%
	4.68%

	Productivity increase 10%, rent premium increase 2%

	Standard
	4400
	440
	136,400
	83,600
	7,746,684
	445,412,000
	453,378,684

	Sustainable
	4000
	400
	124,000
	76,000
	7,394,560
	404,920,000
	412,514,560

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	4.55%
	9.09%
	9.01%


Table C5.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 5%

	Standard
	4120
	412
	127720
	78280
	13851440
	625601400
	639658840

	Sustainable
	4000
	400
	124000
	76000
	13704000
	607380000
	621284000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	1.06%
	2.91%
	2.87%

	Productivity increase 5%, rent premium increase 5%

	Standard
	4200
	420
	130200
	79800
	14120400
	637749000
	652079400

	Sustainable
	4000
	400
	124000
	76000
	13704000
	607380000
	621284000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	2.95%
	4.76%
	4.72%

	Productivity increase 10%, rent premium increase 5%

	Standard
	4400
	440
	136400
	83600
	14792800
	668118000
	683130800

	Sustainable
	4000
	400
	124000
	76000
	13704000
	607380000
	621284000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	7.36%
	9.09%
	9.05%


Table C6.  Comparison of NPV of Energy, Labor and Rent Costs to Employer Related to the Office in the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% with Rent Premium Increase at 2%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	NPV of Rent, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, rent premium increase 10%

	Standard
	4120
	412
	127,720
	78,280
	13,851,440
	625,601,400
	639,658,840

	Sustainable
	4000
	400
	124,000
	76,000
	14,792,000
	607,380,000
	622,372,000

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	-6.79%
	2.91%
	2.70%
	2.91%
	2.91%

	Productivity increase 5%, rent premium increase 10%

	Standard
	4200
	420
	130,200
	79,800
	14,120,400
	637,749,000
	652,079,400

	Sustainable
	4000
	400
	124,000
	76,000
	14,792,000
	607,380,000
	622,372,000

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	-4.76%
	4.76%
	4.56%

	Productivity increase 10%, rent premium increase 10%

	Standard
	4400
	440
	136,400
	83,600
	14,792,800
	668,118,000
	683,130,800

	Sustainable
	4000
	400
	124,000
	76,000
	14,792,000
	607,380,000
	622,372,000

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	0.01%
	9.09%
	8.89%


Table C7.  Comparison of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 5%

	Standard
	4120
	412
	127,720
	78,280
	725,3713
	417,067,600
	424,527,313

	Sustainable
	4000
	400
	124,000
	76,000
	739,4560
	404,920,000
	412,514,560

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	-1.94%
	2.91%
	2.83%

	Productivity increase 5%, capital cost increase 5%

	Standard
	4200
	420
	130,200
	79,800
	739,4562
	425,166,000
	432,770,562

	Sustainable
	4000
	400
	124,000
	76,000
	739,4560
	404,920,000
	412,514,560

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	0.00%
	4.76%
	4.68%

	Productivity increase 10%, capital cost increase 5%

	Standard
	4400
	440
	136,400
	83,600
	774,6684
	445,412,000
	453,378,684

	Sustainable
	4000
	400
	124,000
	76,000
	739,4560
	404,920,000
	412,514,560

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	4.55%
	9.09%
	9.01%


Table C8.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (Average Office Worker Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 10%

	Standard
	4120
	412
	127,720
	78,280
	7,253,713
	417,067,600
	424,527,313

	Sustainable
	4000
	400
	124,000
	76,000
	7,746,680
	404,920,000
	412,866,680

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	-6.80%
	2.91%
	2.75%

	Productivity increase 5%, capital cost increase 10%

	Standard
	4200
	420
	130,200
	79,800
	7,394,562
	425,166,000
	432,770,562

	Sustainable
	4000
	400
	124,000
	76,000
	7,746,680
	404,920,000
	412,866,680

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	-4.76%
	4.76%
	4.60%

	Productivity increase 10%, capital cost increase 10%

	Standard
	4400
	440
	136,400
	83,600
	7,746,684
	445,412,000
	453,378,684

	Sustainable
	4000
	400
	124,000
	76,000
	7,746,680
	404,920,000
	412,866,680

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	0.00%
	9.09%
	8.94%


Table C9.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 5%).
	Building
	Floor Area, m2
	Number of Employees
	NPV of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	NPV of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 5%

	Standard
	4120
	412
	127,720
	78,280
	7,253,713
	625,601,400
	633,061,113

	Sustainable
	4000
	400
	124,000
	76,000
	7,394,560
	607,380,000
	614,974,560

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	-1.94%
	2.91%
	2.86%

	Productivity increase 5%, capital cost increase 5%

	Standard
	4200
	420
	130,200
	79,800
	7,394,562
	637,749,000
	645,353,562

	Sustainable
	4000
	400
	124,000
	76,000
	7,394,560
	607,380,000
	614,974,560

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	0.00%
	4.76%
	4.71%

	Productivity increase 10%, capital cost increase 5%

	Standard
	4400
	440
	136,400
	83,600
	7,746,684
	668,118,000
	676,084,684

	Sustainable
	4000
	400
	124,000
	76,000
	7,394,560
	607,380,000
	614,974,560

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	4.55%
	9.09%
	9.04%


Table C10.  Comparisons of NPV of Energy, Labor, Capital and Total Costs to Employer for the Sustainable Building Vs. Standard Building (50% Increase in Labor Rate, Productivity Increase by 3%, 5% and 10% and Capital Cost Increase of 10%).
	Building
	Floor Area, m2
	Number of Employees
	NPV Of Energy Consumption, €
	Capital Cost, €
	NPV of Labor, €
	Npv of Total Costs, €

	
	
	
	Electricity
	Thermal
	
	
	

	Productivity increase 3%, capital cost increase 10%

	Standard
	4120
	412
	127,720
	78,280
	7,253,713
	625,601,400
	633,061,113

	Sustainable
	4000
	400
	124,000
	76,000
	7,746,680
	607,380,000
	615,326,680

	(Std-Sus)/Std x 100
	2.91%
	2.91%
	2.91%
	2.91%
	-6.80%
	2.91%
	2.80%

	Productivity increase 5%, capital cost increase 10%

	Standard
	4200
	420
	130,200
	79,800
	7,394,562
	637,749,000
	645,353,562

	Sustainable
	4000
	400
	124,000
	76,000
	7,746,680
	607,380,000
	615,326,680

	(Std-Sus)/Std x 100
	4.76%
	4.76%
	4.76%
	4.76%
	-4.76%
	4.76%
	4.65%

	Productivity increase 10%, capital cost increase 10%

	Standard
	4400
	440
	136,400
	83,600
	7,746,684
	668,118,000
	676,084,684

	Sustainable
	4000
	400
	124,000
	76,000
	7,746,680
	607,380,000
	615,326,680

	(Std-Sus)/Std x 100
	9.09%
	9.09%
	9.09%
	9.09%
	0.00%
	9.09%
	8.99%
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