
1 

 

Uppsala University 

Department of Engineering Sciences 

Project Work in Energy Systems Engineering 

 

LEED Accreditation and 

Comparison of Conventional 

and Green Building Methods 

for a Single Family Home 

 

 

Report by: 

   Carl Naslund 

6/4/2018 



2 

 

Abstract 

The purpose of this report is to examine the effects of implementing green building practices for 

energy and water efficiency, and resource conservation for a single-family home in Florida. Most 

green building certification programs use a point scoring system to identify the attained level of 

certification and, due to the uniqueness and complexity of each project/home, it is often difficult 

to measure the direct benefits of a selected green building method and understand how it relates 

to and is reflected in a green building scorecard. In this report two green building improvement 

measures were selected and compared to that of conventional construction methods for a typical 

single-family home in Florida. For the first scenario different wall options were compared and 

for the second scenario the effects of utilizing low flow plumbing fixtures were investigated. 

This was done by simulations in Energy 3D and energy and flow calculations for two selected 

scenarios that concluded that green building methods were more sustainable. Results show that 

utilizing low flow plumbing fixtures has a rapid payback time and is very rewarding while the 

impact of high insulating walls, though beneficial, is more long-term and difficult to identify due 

to the increased amount of dependable factors.  
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1.0 Introduction 

The building sector in the United States (US) contributed to nearly half of the carbon dioxide 

emission and total energy consumption in the country in 2013 according to the U.S. Energy 

Information Administration (EIA). This is one of the main reasons as to why the building sector 

has become a large focus for carbon reduction policies and green building programs according to 

the US Green Building Council (USGBC). Since buildings use a tremendous amount of 

resources during construction and operation, it is crucial to utilize resources efficiently and 

minimize pollution in order to support sustainable development. Leadership in Energy & 

Environmental Design (LEED) is a program that operates through the USGBC and promotes 

green building practices through a suite of rating systems that recognize projects that implement 

strategies for better environmental and health performance. 

LEED was established in 1998 and is presently recognized internationally as a credible green 

building certification system. It is the most widely used third-party verification system for green 

buildings in the world with close to 1.5 km2 being certified weekly according to the USGBC. 

Green building is the practice of minimizing the impact that a building has on the natural 

environment. For most general green building rating systems this includes minimizing emissions, 

reduced energy consumption, material and resource conservation, healthy indoor environment, 

water conservation and site planning as stated by the USGBC. LEED is a way to implement 

practical and measureable green building construction and design which can be applied to any 

building type utilizing favorable strategies to address the entire life cycle (BD+C Reference 

Guide by the USGBC, 2016). The USGBC claims that LEED certified buildings use less energy 

and water, reduce greenhouse gas emissions, and save money as an added bonus. Furthermore, 

the organization claims that the system incorporates materials, smart grid thinking, water and 

energy efficiency and takes on a performance-based approach to ensure comfort for occupants.  

This report will focus on LEED aspects and potential energy and water efficiency solutions for a 

single-family home. The main goal is to compare a code-based residential house to a home with 

two selected and applied LEED construction methods. The selected location for the comparison 

is Tampa, Florida. The goal of the project is to provide a good idea if a LEED certified building 

will be more energy and water efficient and sustainable than that of a conventional residential 

building.  
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2.0 Theoretical Framework 

In this section the theory behind heat loss, wall types and recommendations for the chosen 

building location in Tampa, Florida is discussed. Thereafter the selected simulation program for 

comparing the different wall type options is reviewed. Afterwards the average water 

consumption for a single-family home is analyzed, along with the impact on water and energy 

usage, as a result of implementing standard or low flow plumbing fixtures. A simplified Life 

Cycle Assessment (LCA) was done for the different wall options which is a basic analysis to 

illustrate material impacts from cradle-to-grave. Using baseline values for different material 

types and labor, this breakdown takes into consideration material extraction, processing, 

manufacturing, distribution, installation, demolition and finally disposal. After the analysis, 

existing literature will be briefly reviewed and discussed.    

 

2.1 Insulation and Walls 

Initially we will discuss the theory behind insulation, heat loss and LEED wall options. By 

selecting more energy efficient wall types, energy consumption for heating and cooling can be 

reduced and HVAC equipment can potentially be downsized (U.S. Green Building Council, 

2016). 

 

2.1.1 Building Heat Loss  

Proper insulation of a home will reduce heating and cooling costs and also improve occupancy 

comfort (EPS Molders Association, 2010). Heat flows from warmer to cooler via windows, 

walls, roof, floor and spaces adjacent to the building of a house in an attempt to reach 

equilibrium in temperature. Therefore insulating is increasingly important in order to provide 

resistance to heat flow in regions where the difference between the outdoor and thermostat 

temperature is greater according to the EIA. Figure 1 on the next page illustrates heat loss for a 

single-family home. In the illustration, there is a notable temperature difference between the 

walls of the house and remaining surroundings. This implies that heat is being transferred via the 

walls, resulting in a greater energy demand for maintaining a dedicated indoor temperature. 
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Figure 1. Illustration of heat loss for a single-family home. Website accessed 5/6/18. 

https://www.buildingresponse.co.uk/diagnostics/heat-loss-survey/ 

 

The thermal resistance of assemblies of materials for walls, roofs and floors is typically referred 

to as the R-value, which corresponds to the ability to transfer heat from hot to cold (Structural 

Insulated Panel Association, 2009). The greater R-value, the more resistant the material is to heat 

transfer. This value is defined as the ratio of temperature difference across the insulator and the 

heat flux density through it under uniform conditions, which translates to the thickness of the 

material normalized to the thermal conductivity.  

In the first comparison study we will look at traditional 2 x 4 stick-built walls with standard 

fiberglass BATT insulation and compare them to two superior LEED alternatives that have either 

4” or 6” foam cores for added insulation. Selected R-values for the conventional and two LEED 

options are used to compare conventional and LEED options which were be applied to a single-

family home in Tampa, Florida. This location was primarily chosen since more than a quarter of 

the energy consumed in Florida homes is used for air conditioning, which is more than 4 times 

the national average according to the EIA. The US Department of Energy (DOE) recommends an 

R-value of 13 or more for walls and floors for new wood frame homes in Florida that utilize gas 

or heat pumps for heating in accordance with figure 2. For the roof an R-value or 38 is 

recommended. Interestingly, windows or doors are not mentioned in the table though up to a 

https://www.buildingresponse.co.uk/diagnostics/heat-loss-survey/
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Figure 2. Map and list of DOE recommended cost-effective levels of insulation US regions (Tampa, Florida is category 4) based on the best 

available information on local fuel, material costs and weather conditions. DOE website accessed 8/2/17      

https://www.allfloridainsulation.com/node/28 

Figure 3. SIP composition. Website accessed 

5/23/17 http://www.epsbuildings.com/ 

third of a buildings heat may be lost via these surfaces according to the EIA. During the analysis 

of the results for net energy consumption for the houses in the comparison, we will touch on the 

potential impact more energy efficient windows may have for the energy performance of a 

building.  

 

 

 

 

 

 

 

  

 

 

2.1.2 Structurally Insulating Panels 

Structurally Insulated Panels (SIPs) are composed of 

panels consisting of a rigid foam insulation core 

sandwiched between two structural skins, as shown in 

figure 3, and can be used for installation of walls, 

roofs, floors and foundations (Structural Insulated 

Panel Association, 2009). For the first study we will 

initially compare the energy efficiency and  material 

and installation cost for standard stick-built walls 

(wood framed with fiberglass insulation) and SIPs. In 

LEED, the Materials and Resources (MR) category focuses on minimizing the embodied impacts 

associated with the entire life-cycle of building materials which will also be looked into.  

https://www.allfloridainsulation.com/node/28
http://www.epsbuildings.com/


12 

 

 

 

Figure 4. SIP walls and stick frame walls. Website accessed 4/27/17 http://www.epsbuildings.com/unique-features.php  

 

The foam layer chosen for the study is Expanded Polystyrene (EPS). EPS is a seamless and 

closed-cell rigid foam core which helps reduce air leakage and thermal conductivity through the 

panels by providing a continuous span of insulation and shown in figure 4. Key contributors 

regarding the performance of SIP-panels is reduced heating and cooling loads due to high R-

value of the panels, low environmental impact of the materials and reduced transportation fuel 

use since they are made by lightweight materials. The R-value can be selected by choice of EPS 

thickness, which in turn affects air-tightness and thermal conductivity. The exterior of the panels 

can be comprised of metal, fiber cement, concrete, gypsum board or plywood (BASF 

Corporation, 2009). In this study Orient Strand Board (OSB) was chosen for the exterior which 

is a type of engineered lumber formed by compressing layers of wood flakes and adding 

adhesives. The OSB manufacturing process uses small wood chips and highly automated 

http://www.epsbuildings.com/unique-features.php
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machinery making it a highly efficient production cycle. Approximately 85-90% of a log can be 

utilized to make SIPs (APA The Engineered Wood Association, 2016).  

Furthermore, SIPs are assumed to be pre-fabricated, hence save money on labor while the 

material for conventional stick built walls is cheaper. SIP walls go up significantly faster than 

traditionally framed structures and panels can be manufactured as big as 8’x24’, so entire walls 

can be put up quickly (Structural Insulated Panel Association, 2009). The SIPs are assumed to be 

supplied as ready to install building components when they arrive at the jobsite, eliminating the 

time needed to perform individual jobsite operations of framing, insulation, and sheathing as in 

stick-framed walls. Window openings can be precut in the panels, and electrical chases are 

provided in the core of panels, so there is no need to drill through studs for wiring. Because SIPs 

are structurally sufficient, the amount of additional framing required is minimal and as a result 

installation time can be reduced. In a study done by the BASF Corporation, installation time was 

reduced by 130 labor hours for a 1,200-square-foot two-story house with three-bedrooms and a 

12/12-pitch roof (BASF Corporation, 2006).  

 

2.1.3 Simulations in Energy 3D 

Energy3D is a simulation-based engineering program which allows the user to construct a house 

or building and select a wide range of parameters including R-values, house orientation and 

geographical location with corresponding weather data, thermostat temperature and AC-

scheduling, and more. The program can generate graphs and 12-month solar irradiance heat 

maps for an in-depth analysis. For this project a standard Florida home was constructed, weather 

data for Tampa, Florida was used and R-values were selected in accordance with the wall-type 

options as defined in the first comparison study. The simulations generated results for the 

different scenarios illustrating energy usage as a result of different project and site parameter 

inputs. It is worth noting that even more factors can be added to a simulation such as shading 

objects and a user-selected HVAC-schedule in order to simulate the effects of added site objects 

and other external and project specific factors. 
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2.2 Low-flow Fixtures 

In this section, theory and background for low-flow flush fixtures, showerheads and faucets will 

be discussed. LEED promotes water conservation, and water efficiency is one of the main 

categories on the score sheet. In fact, reducing both indoor and outdoor water consumption is a 

prerequisite for attaining LEED certification for a building. 

 

2.2.1 Water Consumption in Tampa, Florida 

What is the reason for conserving fresh water, since it after all is a renewable resource? The US 

Geological Survey (USGS) states that the world’s supply of clean and usable water is decreasing 

faster than it can be replenished. According to the EIA the average water consumption for a 

single-family residential home is almost 23,000 liters per month and the electric water heater 

energy demand is on average 180 kWh per month in the City of Tampa (Hazen and Sawyer, 

2013). A relatively inexpensive way to reduce water and energy consumption is by installation of 

low flow appliances and plumbing fixtures.  

 

2.2.2 Water and Energy Savings  

Low flow water fixtures are sink faucets, shower 

heads, appliances and toilets that use less water per 

minute than older, conventional models. By using 

high-pressure techniques to simulate seemingly 

stronger or equal flow of water, as illustrated in 

figure 5, low-flow plumbing fixtures can conserve 

water compared to traditional and less efficient 

fixtures (U.S. Environmental Protection Agency, 

2016). In addition to providing the same utility, 

low flow fixtures can provide significant savings 

with a simply payback time of only a few years. 

Furthermore, low-flow fixtures have been 

Figure 5. A Low flow shower head utilizing high-pressure 

techniques to simulate stronger or equal flow of water. 

Website accessed 6/12/17 http://www.harmony-

works.com/benefits-of-low-flow-shower-heads/ 

http://www.harmony-works.com/benefits-of-low-flow-shower-heads/
http://www.harmony-works.com/benefits-of-low-flow-shower-heads/
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mandated by the National Energy Policy Act. Modern faucets and shower heads use 30-50% less 

water than pre-1995 alternatives and low-flow or dual flush toilets come in many different 

models and options that perform equal or better than their older counterparts (U.S. Department of 

Energy, 2012).      

Toilets older than 1995 can use up to 20 liters per flush (lpf) while all toilets manufactured after 

this time use no more than 6 lpf. Even appliances such as dishwashers and washing machines 

have been developed to consume much less water than older models. A single-family house uses 

roughly 30% of its water consumption to maintain the yard and there are water conservation 

measures for developing efficient lawn and garden management practices, but those are 

considered outside the scope for this report. 

WaterSense, a label for water-efficient products, is a voluntary partnership program sponsored 

by the U.S. Environmental Protection Agency (EPA). LEED promotes utilization of WaterSense-

labeled products which are guaranteed to use at least 20% less water compared to today’s 

standards mentioned previously (U.S. Green Building Council, 2016).  

 

 

2.3 Literature Review 

The majority of available literature and information regarding LEED implies that suggested 

improvement measures result in reduced water and energy consumption, decreased emissions, 

potential cost savings and conservation of resources. For example, the report on High 

Performance Public Green Buildings by the Washington State Department of Enterprise Services 

claims exactly this stating that LEED certification provides proof that a building or community 

was designed and built using strategies that improve performance across a variety of metrics 

including energy savings, water efficiency, CO2 emissions, improved environmental quality and 

stewardship of resources. The report concluded estimated energy savings ranging from 19 to 50 

percent for the 65 state-owned projects that attained LEED certification, and that the average 

payback for LEED related costs is 15 years. Furthermore, it was confirmed that water efficient 

fixtures and little or no irrigation landscaping can stretch scarce water resources while efficiently 

using municipal water infrastructure. While this report refers to commercial projects, there are 
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parallels with residential LEED certification. The absence of reports, energy audits and studies 

done on green building and single-family homes can be seen as a limitation.  

Furthermore, the majority of user consumption data and information was gathered from 

government sources such as the US Department of Energy and US Environmental Protection 

Agency. The US Green Building Counsel and LEED methodology and baseline values were used 

for the comparisons.  
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3.0 Methodology 

Green building is the practice of minimizing impact that a building has on the natural 

environment. For most general green building rating systems this includes minimizing emissions, 

reduced energy consumption, material and resource conservation, healthy indoor environment, 

water conservation and site planning. In the LEED program these are concluded in the 

categories, prerequisites and sub-categories illustrated in the scorecard shown in figure 6. 

 

Figure 6. LEED Scorecard for new construction.  Website accessed 5/10/17.  

https://www.usgbc.org/resources/leed-v4-building-design-and-construction-checklist   

https://www.usgbc.org/resources/leed-v4-building-design-and-construction-checklist
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In order to gain greater insight into green building, I chose to become an accredited LEED 

professional. This provided me with tools and knowledge in regard to the most recent and up to 

date green building technologies and principles for the comparison studies with code-based 

construction. Furthermore, being a LEED accredited professional adds credibility to the study.  

In this report, two scenarios were chosen and compared for a single-family home using selected 

conventional, and LEED applied construction methods. Thereafter, the results were linked to the 

point-scoring system in LEED for new construction in order to provide greater insight as to how 

implementation of green building practices is rewarded within the certification system.  

For the first study, different housing wall options were compared and linked to the relevant 

LEED categories (1) Energy and Atmosphere, and (2) Material and Resources. A simplified Life 

Cycle Assessment (LCA) and a Life Cycle Costing (LCC) study was conducted in accordance 

with the rules and principles of the ISO 14040 (USGBC) to compare the impact of installing two 

different LEED wall options which were compared to conventional 2x4 stick construction. The 

wall types affected the buildings overall energy performance and design, and a simple payback 

calculation, which excludes inflation and interest, was done to provide more detailed information 

on the complete impact of the different wall options. The results were integrated into the LEED 

scorecard to provide a more complete picture as to how the point scoring system rewards green 

building initiatives. The LEED scoring system is divided into 4 levels of certification, Certified, 

Silver, Gold and Platinum, and the maximum possible points for scoring is 110 points.  

For the second study a similar comparison was conducted to determine the impact of utilizing 

low flush fixtures in lieu of conventional alternatives. The results were analyzed and associated 

with the LEED categories of relevance (3) Water Efficiency and (1) Energy and Atmosphere. 

The impact on water consumption and energy savings with the implementation of low flush 

fixtures was investigated, and in a similar manner as for the first comparison, an LCC and simple 

payback calculation was done. An LCA was not done for the low flow fixtures since it was 

assumed that the same materials and handling was utilized from cradle to grave. Again the 

results were implemented in the LEED point scoring system. These comparisons were chosen 

since they are most strongly linked with the LEED categories relating to energy and water 

efficiency.  
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The main goal of the report is to investigate if the selected and applied LEED construction 

methods for a single-family home in Tampa, Florida will result in a more energy efficiency, cost 

effective and sustainable construction compared to a residential building built in accordance with 

code-based requirements. It is assumed that the green construction methods that are encouraged 

through LEED will provide a more energy efficient and sustainable home than the conventional 

construction options for a single-family home in Florida. Simulation results were obtained using 

Energy 3D, LCA, LCC and simple payback calculations were conducted to analyze the results 

for the comparisons. In addition to the comparison study, the LEED accreditation process was 

briefly evaluated. A burnout chart was used to track milestones and activities associated with the 

project progression which was used for collaboration on a bi-weekly basis with the subject 

reader. Power Design Inc (PDI) is a nationwide electrical contractor in the US and is the project 

owner. The project was run under the supervision of Bobby Quinn who works for PDI as a 

project manager and is a LEED accredited professional, and Ibrahim Alaff who is a professor in 

project management at Uppsala University. 
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4. Results and Analysis 

In this section simulation results, LCA, LCC and a general analysis was conducted to compare 

the selected conventional and LEED construction options.  

 

4.1 LEED Wall Options 

There are many different wall options and alternatives when selecting material for new 

construction. Depending on location and external factors, materials can be chosen in a variety of 

combinations and wall thickness can be selected for optimization. For this study, three different 

wall types were selected where the R-value for 2 x 4 stick construction utilizing fiberglass BATT 

insulation was calculated to be slightly under the recommendation for Florida according to the 

DOE.  The two LEED wall options were calculated to be higher than the DOE recommendation.   

 

4.1.1 Wall R-value Simulations 

Initially, three different house options were simulated in Energy 3D with all variables fixed, 

except for the walls as illustrated in table 1. The R-value for the windows roughly translates to 

the value of a standard double glazed wood or PVC window. For the roof, the DOE 

recommended minimum R-value of 38 was selected, and for the floor a superior R-value of 30 

was chosen.  The simulation was done in 15 minute time steps for a 120 m2 Cape Cod style home 

in Tampa, Florida. The house has 10 windows total, was 7.9 m in height and the thermostat was 

set to 20 ̊C or 69 ̊F year around. The insulation for the 2x4 stick walls is Fiberglass BATT with 

an R-value of 2.5 per inch, and the EPS core is the insulation for the SIPs, where the thicker 

options has a greater R-value. As shown in table 1, a slight increase in R-value from the 2x4 

stick option to 4” SIP walls decrease the annual energy consumption by approximately 7% or 

1,100 kWh. The step from a 4” EPS to a 6” EPS wall core has a greater improvement on the 

overall R-value, going from 14 to 21. However, this improvement doesn’t have as large of an 

impact on improving the energy efficiency of the home and corresponds a 6% improvement or 

900 kWh. Therefore it can be concluded that any upgrade to improve the R-value of the walls for 

a home is better than going with a code-based option in terms of energy savings.  
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Table 1. Selected R-values, annual energy consumption and utility fee for conventional stick built and LEED walls. 

 
R-value in US unit (h*sqft*F/Btu)   

Wall 
Description Floor Walls Windows Roof 

Annual kWh 
consumption 

Annual utility fee 
in USD 

Annual CO2 
emissions 

2x4 stick 30 10 2.8 38 16,255.1  $       1,901.81  19120 lb. CO2 

SIP (4"EPS) 30 14 2.8 38 15,120.5  $       1,769.07  17785 lb. CO2 

SIP (6"EPS) 30 21 2.8 38 14,208.9  $       1,662.41  16713 lb. CO2 

 

 

Figure 7 illustrates the house that was simulated in Energy 3D using weather data for Tampa, 

Florida. The house front entrance is facing south and was simulated using the R-values for the 

three different scenarios shown in the table above. The annual energy consumption, utility fee 

and CO2 emissions shown in table 1 was attained from simulation results in Energy 3D.  

 

Figure 7. Visual of the selected house used for simulation in Energy3D.  
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The simulation results for the three different scenarios are shown in figure 8. The dotted lines 

show the daily mean temperature for Tampa, Florida, the thermostat temperature and a 

representation of the average monthly sunshine hours. The average energy consumption for each 

scenario is plotted to reflect the performance for the different wall types. It is clear that the 

energy demand is greater during the summer months when it is warmer. Heating only occurs 

during the winter months and the energy demand is at its lowest during this time of the year. It is 

worth noting that the delta in energy consumption is greater between the 2x4 stick scenario and 

the 4” EPS SIP option than the 4” and 6” EPS SIP option. For more detailed simulation result 

plots for heating and air conditioning demand for each scenario, please refer to the graphs in 

appendix 1.  

 

 

Figure 8. Representation of net energy consumption for selected scenarios, temperature and sunshine hours.  
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5.1.2 Exterior Factors 

There are exterior factors that may have a great impact on the annual energy consumption for a 

house. As an example, two 16 meter tall oak trees were added in close proximity to the building 

to demonstrate the effects of shading from surrounding objects. A tree was added on the north 

side and one on the south side of the house as shown in figure 9. These trees partially shaded the 

house during selected time periods throughout the day which resulted in a decrease in net energy 

consumption by almost 7% or between 950-1,050 kWh per year. In Florida it is common to have 

large trees on the property and this shows how significant the shading can be when reducing 

energy consumption and decreasing the homeowners utility bill. 

 

 

Figure 9. Visual of the selected house with added trees in Energy3D. 

Furthermore, raising the thermostat temperature from 20 ̊C to 23 ̊C during normal office hours 

from 8 AM to 5 PM, the time frame when most people are at work, decreased the net energy 

consumption by an average of 200 kWh per year.  
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There are many exterior factors such as the number of occupants in the house, thermostat 

settings, occupant behavior and adjacent shading from nearby structures, to name a few, that will 

impact the energy consumption of a household. 

 

5.1.3 LEED System Design 

It is recommended to see to the entire house as a system when implementing energy efficiency 

improvements. As an example, refer to figure 10 of an infrared camera image where a significant 

amount of heat is being lost through the windows for a single-family house.  

 

 

Figure 10. Heat loss via windows and roof of single-family home. Website accessed 6/4/17     

http://certinspectors.com/home-energy-team/home-heat-loss-analysis/  

 

Having superior insulation for a few selected surface types and not installing proper insulation 

for others will result in greater heat transfer and energy loss via the weaker links of the building. 

http://certinspectors.com/home-energy-team/home-heat-loss-analysis/


25 

 

For the infrared picture, the windows and roof would be subject to the main sources of heat loss. 

As a result, the effect of properly insulating all exposed exterior surfaces of a building will 

dramatically increase the energy performance for a house and may result in cost savings for a 

downsized HVAC system. This is outside the scope for this project but a suggested topic for 

further investigation. Furthermore, a smaller HVAC system is potentially more silent and may 

result in increased occupancy comfort.  

With the categorization and point scoring system designed in LEED, developers and owners are 

encouraged to implement a wide array of improvement options to attain maximum system 

optimization. Furthermore, there are LEED improvement options that are defined as system 

prerequisites which are strictly required in order to attain LEED certification. Please refer to 

figure 11 for the LEED scorecard which calls out which line items are project prerequisites as 

well as credit scoring options.  

 

 

Figure 11. LEED Scorecard for new construction for SIP walls. 
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In regard to LEED scoring, SIPs can assist in the scoring of up to 18 points in the Energy and 

Atmosphere category by optimizing building energy performance. When combined with other 

energy efficient technologies, SIPs can cut annual heating and cooling costs by 50% or more 

according to the DOE. This may be the case, but for our selected scenarios where we saw an 

improvement of approximately 15% increase in performance going from conventional 2x4 stick 

walls to the highest R-value LEED option using 6” EPS SIP walls. In our simulations, the 

building windows had an R-value of 2.8. If triple glazed windows with a much superior R-value 

of up to 6 had been selected in addition to the SIP walls, then we would most likely have seen a 

far greater improvement in system performance. Furthermore, SIP panels can assist in scoring in 

the Materials and Resources category if the wood sourced for the OSB’s is certified by the Forest 

Stewardship Council (FSC). If 50% of the wood products used in the building are certified by 

FSC, 1 LEED point can be awarded. Furthermore, SIP’s can score 1-3 points in the Indoor 

Environmental Quality Category as a low-VOC and low emitting materials product. The 

potential LEED scoring lines for the wall options have been highlighted in the scorecard shown 

below.  
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5.1.4 Summary of Life Cycle Assessment  

A simplified LCA study was done in accordance with the rules and principles of the ISO 14040 

(USGBC). The methodology also includes the impact areas of risk and toxicity as well as life 

cycle costing. Please refer to appendix 2 for general assumptions. For the LCA the assumed 

system life time is 60 years. Figure 12 illustrates the three main phases involved being 

production, use and disposal. LEED rewards favorable sourcing of raw materials and building 

life-cycle impact reduction.  

 

 

Figure 12. Visualization of LCA. 

 

Based on the assumptions listed in Appendix 7.2 and system material usage shown in table 2, the 

EPS SIP options have the lowest environmental impacts in health effect potential and risk 

potential. The LEED wall options have a better system R-value and lower air leakage, compared 

to 2x4 stick construction, resulting in decrease low fuel and electricity consumption for HVAC 

as reflected in the simulation results in Energy 3D.  Additionally, the SIP options also have a 

light system weight resulting in lower health effect potential, and lower impact on the production 

of construction materials. Overall, SIPs do better in categories energy consumption, emissions, 

land use and resource consumption, and use significantly less resources than stick construction 

since it is a more energy efficient option. 

Production

•Raw Materials Aquisition 
and Transport

•OSB, EPS & Adhesive 
Production

•SIP Assembly (SIPs only)

Use

•Transport

•Installation

•Building Use

Disposal

•Demolition & Removal of 
Materials 

•Disposal via Landfill
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The 2x4 stick construction has the highest environmental impact in all categories except risk and 

health effect potential.  The high impact is due to this system having the lowest R-value, and the 

high rate of air leakage through the system, which results in low thermal efficiency and a high 

consumption of fuel and electricity for heating and cooling over the lifetime of the house. In risk 

potential, the stick construction techniques have slightly higher impact because more 

maintenance is required. Both 2x4 stick construction and EPS SIPs, have low health effect 

potential. In regard to potential energy bill cost savings, the superior whole wall R-values and 

building tightness of SIPs allow HVAC equipment to be downsized and ductwork to be 

minimized. Table 2 shown below provides a breakdown of the general material needs for the 

wall systems for the different options. The roof system is the same for all three alternatives. 

Quantities were derived by using basic building methodology and density for the selected 

general materials. 

 

Table 2. System materials usage for stick built walls and SIP walls 

System Materials Usage 

Wall System   Weight SIP - 4" EPS SIP - 6" EPS 2x4 Stick 

Insulation   kg       

  EPS kg 117 175.5   

  Fiberglass BATT kg     139 

OSB   kg 812 812 486 

Wood   kg     1270 

Adhesive   kg 11     

            

Roof System           

Insulation           

  Fiberglass BATT kg 1455 1455 1455 

OSB   kg 1162 1162 1162 

Wood   kg 1567 1567 1567 
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Construction materials being sent to landfill is the primary reason for solid waste emissions, and 

since SIPs use more lightweight materials than stick construction, they also score better in this 

part of the LCA. The wood production process for stick construction methods typically incurs 

high water emissions. In regard to health effect potential, SIPs generally have greater effects due 

to the EPS.  

Life cycle costs were calculated in accordance with simulation results and results from the LCA. 

The LCC was done over a 60 year period and the utility costs clearly have the most significant 

cost impact over the selected period. The initial framing and insulation costs for the walls are 

slightly greater for the SIPs compared to the 2x4 stick construction. However, the conventional 

stick construction has the lowest R-value and a large amount of air leakage resulting in a slightly 

larger initial and replacement HVAC system and also greater energy consumption. The SIP 

options have significantly lower levels of air leakage and therefore lower utility costs. The initial 

roof framing and insulation cost was the same for all scenarios. Figure 13 illustrates the LCC for 

the three different scenarios over the 60 year period.  

 

 

Figure 13. Life Cycle Costs for wall options for new construction in Tampa, Florida. 
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5.1.5 Simple Payback Time 

Strictly taking HVAC sizing, utility costs and the three wall options into consideration the simple 

payback time is 13 years for the 6” EPS SIP option and 25 years for 4” EPS SIP alternative. It is 

worth noting that delta for the initial costs between the cheapest 2x4 stick and the 6” EPS EIP 

option is merely $3,500. Based on conclusions from the simulation results, it is possible that the 

simple payback time could be greatly improved for the LEED options if more energy efficient 

windows and other energy saving alternatives were implemented since the utility costs currently 

range from $1,770 to $1,900 per year for the three different scenarios. Performing a more 

detailed review for the full system is a suggested topic for further investigation.  

 

 

Figure 14. Simple payback for wall options for new construction in Tampa, Florida. 

 

5.2 Low Flush Fixtures 

For the low flow fixtures comparison, three different household performance scenarios were 

selected and evaluated. Choices of faucets, showerheads, toilets, washers and dishwashers for (1) 
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pre-1995 alternatives, (2) baseline water usage in accordance with national standards 

(requirements of the United States Energy Policy Act of 1992 and subsequent rulings by the 

Department of Energy, the requirements of the United States Energy Policy Act of 2005, and the 

fixture performance standards in the 2006 editions of the Uniform Plumbing Code or 

International Plumbing Code as to fixture performance and (3) WaterSense-labeled products 

were compared. This was done by gathering user water consumption data for the Tampa Bay 

Area sourced from the Tampa Bay Water Demand Management Plan Final Report dated 

December 2013 and standard fixture flow data from LEED.  

 

5.2.1 Water Usage and Assumptions 

Figure 15 below illustrates the estimated distribution for end use water consumption in gallons 

per capita for a single-family home in Tampa Bay Area. Greatest efficiency potential exists in 

toilet, clothes washer and dishwasher according to the 2013 Tampa Bay Water Demand 

Management Report.  

 

Water Consumption in Tampa in Gallons per Person & Day 

 

Figure 15. Estimated distribution of regional single-family end uses for water in gallons per capita and day.  

Website accessed 9/2/17                                                       

https://www.tampabaywater.org/documents/conservation/2013_TampaBayWater-Water-Demand-Management-Plan.pdf 

https://www.tampabaywater.org/documents/conservation/2013_TampaBayWater-Water-Demand-Management-Plan.pdf
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For our comparison we are assuming that a family of four is living in the home and that each 

person is using the amenities in the manner shown in table 3. The data is based off figure 15 and 

the current Tampa Bay water usage standard per amenity type for single-family homes. 

 

Table 3. Average daily usage per fixture/appliance for a family of 4 for a single-family home in Tampa Bay Area. 

Fixture/Appliance type Faucet Showerhead Toilet Washer Dishwasher 

UOM Minutes Minutes Flushes Minutes Washes 

Average amenity usage per family of 4 per 
day for single-family home in Tampa, FL 

32.5 24.3 20.0 1.5 0.8 

 

Using this data we can obtain our 3 scenarios for (1) pre-1995, (2) National Standard and LEED 

baseline and (3) WaterSense-labeled/LEED appliances for fixtures. Figure 16 illustrates the 

annual water consumption for each scenario. As shown below, the difference between scenario 

(1) and (2) is far greater than the step from (2) to (3).  
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Figure 16. Annual water consumption for a single-family home in Tampa, Florida. 

The average ground water temperature in the Tampa Bay area is 24 ̊C and the baseline water 

heater tank temperature is assumed to be set at 50 ̊C. It is assumed that half the faucet water 

consumption as well as all the shower, clothes washer and dishwasher water is hot and directly 

supplies from the water heater. Additionally an efficiency factor of 0.9 was used for all scenarios 

and table 4 shows the annual water heater energy consumption as well as the utility bill and 

emissions. Similarly to the water consumption for the three different scenarios, the greatest 

savings can be achieved by moving from pre-1995 alternatives to the National Standard.   

 

Table 4. Annual water and energy consumption, utility fee and emissions for plumbing fixtures and appliances. 

Fixture/Appliance type 
Annual water 
consumption 

Annual Water 
Heater Energy 
Consumption 

USD Emissions  

pre-1995 alternatives 169937 12808 kWh  $     1,498.50   $               15,065  lb. CO2 

National Standard 75706 5841 kWh  $        683.34   $                  6,870  lb. CO2 

WaterSense/LEED) 57570 4506 kWh  $        527.19   $                  5,300  lb. CO2 
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5.2.2 Exterior Factors & LEED  

There are a wide range of exterior factors that may affect indoor water consumption and water 

heater energy consumption. These factors include but are not limited to occupant behavioral 

patterns, water leaks, system inefficiencies and district heating. Furthermore, water savings can 

be made above the prerequisite LEED level by utilizing alternative water sources. This includes 

fixtures and fittings that may be outside the project boundary for new construction of a single-

family home.  

In LEED the baseline water usage and water efficiency threshold is calculated as a weighted 

average of water usage for the buildings constructed as part of the project based on their 

conditioned area. The baseline usage is derived from a range of the requirements including the 

United States Energy Policy Act of 1992 and 2005, subsequent rulings of the DOE, and 

plumbing fixture performance standards in the 2006 editions of the International Plumbing Code. 

In LEED a total of 6 points can be earned in the subcategory “Indoor Water Use Reduction”. 

After 25% percentage reduction a point is earned for each 5% increment up to 50%. It is worth 

noting that the national standard is currently used as the baseline for indoor water consumption 

in LEED which makes it challenging to earn the total 6 possible points. Residential clothes 

washers and dishwashers are considered outside the scope for the indoor water use reduction 

calculation for LEED, but were included for reference.  

 

5.2.3 LEED System Design 

In regard to low flow fixtures, results derived from system design are not as complex as 

compared to wall options and R-values. Instead the results, when viewing the household as a 

closed system, are more linear with the fixture selection. For example, if the faucets in a home 

are replaced with new low flow fixtures, then the decrease in water consumption for the total 

household will be directly reflected in accordance with the specifications of the new faucets. 

However, an indirect impact resulting from incorporation of low flow fixtures and water 

conservation is water and wastewater flow reductions which can reduce the stress on 

infrastructure and also decrease energy consumption since large amount of energy are required to 

treat and transport water. According to the US EPA constraints on water-use exist and are likely 

to increase over time. Water supply and demand are predicted to continue to be impacted by 

http://www.usgbc.org/glossary/term/5540
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population growth, economic trends, climate change, contamination, infrastructure and 

technology, legal decisions. Therefore, water efficiency and more specifically metering and 

reduced water usage, are essential for sustainable development and encouraged by LEED as one 

of the eight main categories in the scorecard for new construction. I regard to the LEED 

scorecard, water efficiency can score up to 11 points as shown in table 5, and preventative 

measures to reduce both indoor and outdoor water consumption are prerequisites to attain LEED 

certification.  

Table 5. LEED Scorecard for new construction – category Water Efficiency. 

0 0 0 Water Efficiency   11 

Y 
  

Prereq Outdoor Water Use Reduction Required 

Y 
  

Prereq Indoor Water Use Reduction Required 

Y 
  

Prereq Building-Level Water Metering 
 

Required 

      Credit Outdoor Water Use Reduction 2 

      Credit Indoor Water Use Reduction 6 

      Credit Cooling Tower Water Use 2 

      Credit Water Metering   1 

5.2.4 Life Cycle & Simple Payback 

It is assumed that the various appliances and plumbing fixtures from the three categories would 

use the same materials for production, have the same lifespan, maintenance requirements and 

means of disposal. As a result, it is anticipated that the LCA is only affect by the building usage 

stage for each fixture and appliance type. Emissions, environmental impacts on health effects 

potential and risk potential, energy and resource consumption are therefore expected to have 

linear relationship with fixture efficiency and performance.  

The LCC were done over a 60 year period and the utility costs have the greatest cost impact over 

the selected period. Please refer to appendix 4 for a table of assumptions such as life expectancy, 

initial and replacement costs and counts for the plumbing fixtures and appliances for the 

household. Figure 17 below clearly shows that the utility costs have the most significant impact 

over the 60 year period.  
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Figure 17. Life Cycle Costs for (1) pre-1995 alternative, (2) National Standard & (3) WaterSense/LEED appliances and 

plumbing fixtures. 

 

Surprisingly the energy cost for the water heater is more than 55% of the total utility cost. The 

base cost for plumbing fixtures and appliances is essentially insignificant in all three scenarios 

since utility costs are so great.  

As opposed to the wall options scenario, the simple payback time for converting from pre-1995 

plumbing fixtures and appliances to WaterSense/LEED is less than two years. However, 

upgrading from national standard to WaterSense/LEED has a simple payback time of 

approximately 8 years and figure 18 below illustrates these two simple payback scenarios. In 

regard to new construction, the simple payback time for selecting WaterSense/LEED plumbing 

fixtures and appliances is less than 2 years if the taking initial purchasing cost into consideration. 
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Figure 18. Simple Payback Time for (1) pre-1995 alternative, (2) National Standard & (3) WaterSense/LEED appliances 

and plumbing fixtures. 
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6. Conclusion and Discussion 

As shown in the results for the wall options and low flow fixtures, there are LEED options that 

are more financially rewarding than others for the home owner. The simple payback time for the 

LEED option walls were 13 years while the simple payback time for a new construction was 

only two years or less for WaterSense/LEED plumbing fixtures and appliances. Furthermore, the 

initial investment is far greater for purchasing and installation of LEED walls compared to low 

flow fixtures.  

It is important to note that LEED focuses on a wide variety of categories in order to optimize 

system performance regarding sustainable development. The largest point-scoring category is 

Energy and Atmosphere where a total of 33 points can be earned, many factors come into play, 

and system design can quickly become complex. For example, selecting LEED-rated walls may 

not have the expected improvement on the energy performance of a home if the windows are old 

and leak a lot of heat. Consequently, and in regard to R-values and development of an energy 

efficient home, the report results imply that it is crucial to upgrade all surfaces that are subject to 

heat transfer including walls, windows, doors, floor and ceilings. A home will be more energy 

efficient if average upgrades are selected for all surfaces as opposed to maximizing the R-value 

for a few selected options. If a home is well insulated, then the air conditioning can potentially 

be downsized, which in turn could result in reduced utility service requirements – for example 

decreasing the service and house panel size from 175 to a 125 amperes. If energy efficiency 

measures are introduced to an entire community, state, or country, then it is possible that the 

construction of a new power plant can be avoided. In a greater perspective, this butterfly effect 

could theoretically result in a wide array of positive effects such as reduced emissions, 

conservation of environment and undeveloped sites, preservation of resources and sustainable 

development. LEED focuses on full system optimization of each individual closed system in 

order to promote green building and also rewards certified product selections for building 

materials, favorable sourcing of raw materials and building life-cycle impact reduction. 

Certain measures have been recognized to be extremely important and simple to implement, such 

as low flow fixtures in order to promote water conservation, and as a result national standards 

were created in 1995 to help incorporate more efficient plumbing fixtures. Material costs for low 

flow fixtures are equal or comparable to pre-1995 alternatives and the utility provided is 
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equivalent or better which made it simpler to implement this change on a national level. 

Conservation of water is widely recognized as a key factor in sustainable development, and as a 

result LEED rewards reasonable control measures for water efficiency.  

In regard to the comparison of a LEED certified home and a house built to code-based standards, 

this report confirms that the selected LEED improvement alternatives help improve energy and 

water efficiency of the building. The LEED options selected in the comparison would use less 

energy and water, and reduce greenhouse gas emissions while maintaining or improving the 

provided utility and occupancy comfort. This is the same conclusion as reached in other findings 

and previous studies such as the report on High Performance Public Green Buildings by the 

Washington State Department of Enterprise Services. Suggested topics for further investigation 

include executing energy audits and performance analysis on code-based houses and LEED 

certified homes of similar sizes and in similar geographic locations. In order to gain greater 

insight on the subject, it is recommended to include homes that have reached all levels of LEED 

certification in the study in order to identify and link building performance to level of 

certification. In accordance with the results in this report, for the home owner, it is recommended 

to incorporate LEED improvements.  
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7.0 Appendix 

7.1 Simulations Results for Wall Options 

Roof – R-value 38  Floor – R-value 30  Walls – R-value 10 (2x4 @ 16”) 
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Roof – R-value 38  Floor – R-value 30  Walls – R-value 14 (4” SIP) 

 

 

  



42 

 

Roof – R-value 38  Floor – R-value 30  Walls – R-value 21 (6” SIP) 
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7.2 Assumptions for LCA of Wall Options  

 

Assumptions for the LCA include: 

1. Floor area set to approximately 1,100 ft2 

2. R38 attic insulations and R13 wall insulations. 

3. Transportation distances for all materials except concrete and wood were set at 500 miles 

from manufacturer to jobsite.  Wood distance was set at 200 miles. 

4. Wall maintenance includes replacement of 5% of materials every 30 years for stick and 

every 50 years for SIP systems. 

5. Resistance to weather damage during the home use phase is assumed to be the same.  In 

practice, typical construction techniques using 2x4 and 2x6 stick construction will likely 

not be as resistant as the SIP wall systems. 

6. Long-term thermal resistance (LTTR) values used for insulation.  

7. Differences between installation and life-cycle costs for each system are considered 

8. Initial costs include material & labor for the framing, insulation & HVAC systems 

9. Life-cycle costs are included for natural gas heating, electrical cooling, and HVAC 

replacement. 

10. All systems have the same interior and exterior coverings. 

11. Costs for routing electric utilities are assumed to be the same for all systems. In reality 

the electrical installation will be more efficient using SIPs since they have electrical 

chases premade.  

12. Energy10 v.1.8 developed by NREL under funding from the DOE was used for the 

energy and life cycle cost modeling. 

13. Differences in energy consumption for heating/cooling the house vs. the minimum 

achieved over the defined lifetime was used for life cycle environmental impact. 
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7.3 Results for LCC of Wall Options  

 

 

Installation and Use Costs SIP - 4" EPS SIP - 6" EPS 2x4 Stick 

Life cycle cost Results       

        

Initial wall framing and insulation cost  $           8,249   $            8,249   $            4,039  

Initial roof framing and insulation cost  $          0,643   $          10,643   $          10,643  

Initial HVAC cost  $           9,080   $            8,545   $            9,746  

Utilities  $        06,144   $          99,745   $        114,109  

HVAC replacement  $          1,853   $          11,154   $          12,722  

        

Total Life Cycle Costs  $        45,969   $        138,336   $        151,259  
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7.4 Table of Assumptions for LCC for Plumbing Fixtures and Appliances 

 

 

Baseline 
costs 

Kitchen 
Faucet 

Shower
head Toilet 

Lavatory 
Faucet Washer 

Dishwash
er 

Water 
cost per 
year 

Energy 
cost per 
year 

pre-1995 
alternatives 

 $                              
70.00  

 $                         
50.00  

 $        
100.00  

 $                  
70.00  

 $      
350.00  

 $             
250.00  

 $                    
1,174.27  

 $                      
1,498.50  

National 
standard 

 $                            
105.00  

 $                         
75.00  

 $        
150.00  

 $               
105.00  

 $      
525.00  

 $             
375.00  

 $                        
523.13  

 $                         
683.34  

WaterSense 
(LEED) 

 $                            
140.00  

 $                       
100.00  

 $        
200.00  

 $               
140.00  

 $      
700.00  

 $             
500.00  

 $                        
397.81  

 $                         
527.19  

QTY per 
household 1 2 2 2 1 1 

  Lifetime 
expectancy 
in years 20 30 50 20 10 10 

   

 

    

Initial Plumbing 

Fixture/Appliance Costs 

Plumbing Fixture/ 

Appliance Replacement 

costs over 60 years 

Water Utility 

over 60 years 

Energy Utility 

over 60 years 

pre-1995 

alternatives    $                        1,110.00   $                   3,720.00   $  70,455.97  

 $         

89,909.84  

National 

standard    $                        1,665.00   $                   5,580.00   $  31,387.61  

 $         

41,000.22  

WaterSense 

(LEED)    $                        2,220.00   $                   7,440.00   $  23,868.72  

 $         

31,631.62  
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