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Abstract 
In an effort to continue reducing overall carbon emission and waste seen from the construction industry, this 
study looks to evaluate the effects panelized prefabrication has on the housing industry. By gathering carbon 
emissions data and waste production figures from both a prefabrication facility and an on-site construction 
company it was found that the prefabrication company surveyed produces more waste and less carbon 
emission than on-site company. Five sources of carbon emissions were evaluated and factors influencing the 
largest of them were established. From this data, the author suggests limiting commuting emission through 
higher efficiency vehicles and shorter distances to site, using low CO2e emitting electricity sources, minimizing 
on site time when possible and decrease wood waste through reuse and designing for material maximization.  
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Introduction 

The construction industry is one of the leading carbon and waste sectors in the UK (DEFRA, 
2015, Giesekam et al, 2014). Multiple programs aiming at the reduction of construction 
waste have being implemented such as WRAP’s Halving Construction Waste scheme and the 
landfill tax which is becoming more effective as its rates become higher (HMRC, 2012). 
Along with waste reduction goals, the UK has been a part of a number of self-imposed as 
well as EU set carbon emissions reduction targets. As in use building energy decreases to 
meet these stricter carbon emissions standards, more materials are used and the embodied 
carbon of the building and the energy used to build it becomes more significant. 
 
Through a literature review it was found that the choice of construction materials and 
building techniques can greatly influence a building’s embodied carbon. In Aye et. al's 2012 
paper, the found that 59 to 67% of a timber framed building’s total embodied energy can 
come from its reinforced concrete slab. The concreting process and associated wet trades 
are also quite wasteful and can account for over 80% of construction waste produced on a 
job (Baldwin et al, 2009). In comparison, timber frame construction was found to both 
sequester carbon as the tree grows as well as requiring relatively little energy to turn the 
raw product into usable building materials (Lehmann, 2013, Wang et al., 2014).  
 
Prefabrication versus on-site construction research showed prefabrication typically 
generates less emissions and waste but also improved working conditions and decreased 
commuting distances (Krug & Miles, 2013, Oyedele et al, 2013, Ross, 2002). In WRAP’s 2008 
study, timber frame offsite construction was found to have significant waste and energy 
reductions (20-40% and 20-70% respectively). Based on these findings, it was decided 
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timber framed construction paired with prefabrication would tested against on-site 
construction for the subsequent research.  
 
This paper aims to identify through published data and primary research which factors are 
the largest contributors to the waste and carbon emissions generated in the construction of 
a timber framed house. 

1. Research Aim, Objectives and Methodology 

Through the consultation of published literature, the aims of this research became focussed 
on the impact panelized prefabricated construction can have on waste and carbon 
emissions. To answer this question, a mixed mode/method methodology was developed to 
appropriately collect and analyse relevant data. For the purposes of this study, a cradle to 
completed construction assessment is used to assess the building materials and the 
construction processes. The energy needed for these processes will be measured in carbon 
dioxide (CO2) and carbon dioxide equivalent (CO2e) emissions.  
 
Building construction techniques were tested by analyzing waste and carbon emissions from 
a prefabrication construction company (PfCC) as well as an on-site construction company 
(OSCC) in the construction of the walls of a standard single family detached house (both in 
the USA). The decisions to analyze only the walls was made because roof and foundation 
construction do not vary between construction methods so were discounted. The house 
chosen for analysis is a 250 m2 house design commonly built by the PfCC, with 100 lineal 
meters of external wall and a window to wall ratio (including doors) of 12%. 
 

1.1.1 Research Objectives 

Research objectives were developed and are seen in Table 1: 
Table 1: Objectives and methods used 

Objective Method 
Investigation of relevant research investigating methods for reducing construction waste and 
carbon emission. 

Literature review 

Calculate the carbon emissions for each company’s overhead, on-site activity, materials 
shipping, movement of the house and crew to site and employee commutes. 

Analysis done based on interviews 
and questionnaires 

Identify which aspects of each construction process are the largest waste and emissions 
producers and identify efficiencies within each system. 

Analysis of collected data 

Based on analysis, determine if panelized timber frame prefabrication techniques generate 
less waste and produce less carbon emissions than conventional site built construction. 

Analysis in Excel with embodied 
carbon data from ICE database 

Provide recommendations for reducing waste and carbon emissions in the UK construction 
industry.  

Based on research, analysis and 
results seen from data collection 

 

1.2 Methods 

In the design of this research, a number of assumptions were made to aid in data collection 
and analysis when information was not available and all assumptions used have been noted. 
Included assumptions are listed below (Table 2), paired with the reasoning behind each one. 

 Table 2: Assumptions 

Assumption Reason for assumption 
House plans were the same for each company Detailed information was given to each respondent about the sample house in the 

questionnaire and all calculations were based on this information. 

Truss roof system, foundations, windows and doors are 
not calculated 

Truss roofs and foundations are not unique to a specific building method. If both techniques 
use it, waste and CO2e will be the same. 

1% reduction in mileage per 100 lbs Reductions in fuel efficiency due to vehicle load weight were researched. Hard evidence was 
not established therefore this common rule of thumb was used. 

Local trusses can be found within 75 miles of site  Based on the 125-mile delivery radius and how commonplace truss roofs are. 



 
 

 
1.2.1 Literature Review 

Two complimentary literature reviews were conducted to understand the factors involved 
in embodied carbon and waste of construction. Two questions were used in the literature 
review; “An evaluation of the reported methods for reducing construction waste and carbon 
emissions within the UK housing industry”, and “What effects do prefabricated timber 
construction techniques have on waste and carbon emission reductions when compared to 
conventional construction?”. Both reviews were carried out in complementary databases: 
Science Direct and Construction Information Service (CIS) and keywords along with their 
synonyms were used to evaluate each construction method and their emissions.  
 

1.2.2 Data Collection 

Both face to face interviews and e-mailed questionnaires were used in data collection. 
Questionnaires were based on standard details and figures set by the initial face to face 
interview. 
 

1.2.3 Data Analysis 

Data analysis was done using Microsoft Excel software where data from the questionnaires 
was extracted and analyzed. All collected data was related to external wall construction 
fabrication, shipping and installation to follow the overall research aims.  
 
Material usage and waste were recorded from reported values and figures were cross 
checked based on the house plans to ensure accuracy of data. Discrepancies were checked 
with the construction company in question. 

2. Results of Data Collection 

Based on reported waste from the OSCC and calculated wasted from the PfCC, total waste 
figures were substantially 
different. Reported waste from the 
OSCC was between 3.8 and 5.4 m3 
whereas the figures generated 
from the PfCC were reported as 14 
m3. In both cases wood waste and 
packaging were mentioned as 
components of overall waste 
generated but it was revealed that 

the total waste sent to landfills by 
the PfCC was only 4 m3 as the rest was either burned or given to a local farmer for animal 
bedding.  

Jobsites within 55 miles will be commuted Commutes to site over an hour were deemed too far for daily employee transport. Distance 
was calculated from average drive times in Google Maps. 

Hotel rooms within 10 miles of construction site Based on author’s experience and common site locations. 

Hotel rooms are not calculated As hotel rooms are shared by site crew and workers commonly do not live alone, carbon 
emissions were discounted as they were assumed similar. 

¾ personal vehicles at the PfCC are small to large 
pickups with the final ¼ being cars 

Concrete figures were not available. Figure based on visual survey of the parking lot and 
primary research.  

Electricity carbon generation is considered the same for 
both companies  

43 kg CO2e is the average consumption of a jobsite generator. As grid hookups are not 
guaranteed for the whole job, this figure is used as an overall average. 

Materials trips doubled for inefficiencies As needed for OSCC ordering leads to small loads not at full truck capacity. 

Zero carbon emissions for burning wood Based on SAP 2012 (Pout i BRE 2012) 

12 PfCC employees work on wall systems The heavy timber, roof and floor shops are not involved in wall construction. 

Figure 1:OSCC carbon emissions  Figure 2:PfCC carbon emissions  
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Assessments of all emissions sources were done for each construction method. Breakdowns 
for each company can be seen in Figure 
1Figure 2 and where the largest sources 
of emissions are shown (pie charts are 
relatively proportional to each 
company’s total emissions). A 
comparison between the two sets of 
data can be seen in Figure 3 where the 
differences in overhead and commuting 

emissions shown above are much more 
clearly visualized. 

 
By comparing emissions by category between 
the construction methods, it is evident where 
the highest emissions are generated and by 
which company. Figure 4 shows the OSCC 
generating more CO2e overall in the construction 
of wall panels than the PfCC. In looking at the 
embodied carbon for each construction method, 
a clear difference is not discernable merely 
looking at the total carbon emissions generated. 
With a differenced of 10%, a more thorough investigation of into each emission category 
was required. 

3. Discussion and Analysis  

By analyzing the data collected, clarity on the main factors affecting each category’s 
emissions is gained. To see the effects vehicle size had on OSCC commuting emissions, 
calculations were run where vehicle type was changed to small trucks and cars.  By 
increasing the fuel economy from 12 mpg (seen with large trucks from 2000 to 2014) to 26 
mpg (average fuel economy for cars and small trucks from 2000 to 2014), CO2e from crew 
commutes dropped by more than half from 3,223 kg CO2e to 1,465 kg CO2e.  
 
Similarly, to test the 
effects on site time has on 
on-site emissions, the 
OSCC time on site was 
artificially reduced to 5 
days. The result of 
decreasing the on-site time 
by 33% showed a direct 
correlation to commuting 
and on-site emissions 
decreases. Because this 
timeframe is unfeasible 
and only used to test the effects of time on site, reducing the size of employee’s vehicles 
shows more potential for implementation.  
 

Figure 3: Comparison of CO2e emissions between the PfCC 
and OSCC     
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Figure 5: Comparison of OSCC interventions against base case categories 
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Figure 4: PfCC and OSCC totals comparison 
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Figure 7: Shop power; grid vs. diesel generator 
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Two interventions were run with the aim of 
reducing the top emission sources from the 
PfCC as well. The first investigated the 
distances traveled to the jobsite. Methods of 
transportation of the crew to the jobsite vary 
depending on the distance from the shop they 
are. For sites that are far from the shop the 
crew usually flies out but in some cases, usually 

under 1000 miles, the crew will drive. By 
placing a limit of 750 miles on the distance the 

house site is from the shop, carbon reductions of 670 kg CO2e were gained from trucking as 
well as getting the crew to site (Figure 6). 
 
To test the reductions in emission by switching the 
PfCC’s power source, carbon emissions were 
calculated for a switch from their diesel generator 
to grid electricity. As the embodied energy of 
burning diesel is higher than the embodied energy 
for grid electricity in New Hampshire, a 1,323 kg 
CO2e savings was seen from this change (Figure 7). 

The feasibility of this switch was found to be 
prohibitively expensive. After taxes and fees, electricity from the grid will only cost $121.07 
less/month than the diesel generator, and a payback period of 413 years.  
 
Consideration was finally given to the reasons behind the large construction waste 
discrepancy seen between the two companies. Lower waste from the OSCC could be due, as 
reported, to offcuts being used as nailers, blocking and kindling in the crew’s houses and in 
the company shop. It has further been observed that results reported by respondents is 
sometimes lower than data collected by researchers (Bernard et al., 1984). 
 
Where the OSCC may face under-reporting, the PfCC could be facing over-production. 
Because wood waste is either burned at the shop for heat or given to local farmers for 
animal bedding, there is no cost associated with the removal of wood waste at the PfCC 
shop unlike for the OSCC, therefore less incentive to do so. Interventions to increased reuse 
of offcuts and the maximization of sheet materials in the design phase are therefore 
encouraged as a method for decreasing wood waste. 

4. Conclusions and Recommendations 

Through the research conducted, both secondary and primary, it was found that the PfCC 
generated less carbon emissions but more waste than the OSCC. While the carbon 
emissions follow the results of published literature, the waste generated does not. Errors in 
reported and calculated waste figures can have altered total waste figures for each 
company but it is most likely that there is lower than reported waste from the OSCC as well 
as higher than necessary wood waste from the PfCC.  
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Figure 6: Decreased site distance compared to base case 
emissions 



 
 

Based on the research found in this study suggestions and recommendations were 
generated to aid in waste and carbon emissions reductions: 

 Encourage OSCC employees to drive smaller vehicles 

 Limit commuting and on site time as much as possible 

 Limit the distance job sites are from the shop to decrease transport 

 Consider using grid electricity when possible to decrease embodied carbon emissions 

 Limit wood waste at PfCC shop through material maximization in the design phase 
 
This study found that prefabrication does reduce carbon emitted in the construction phase 
of a house and while there is only a small margin, efficiencies of scale are expected to 
increase this margin over multiple projects. This author believes that further investment 
into prefabrication to meet the growing housing market demand is advisable due to carbon 
emission reductions as well as safer, more efficient work spaces.  

References  
Aye L, Ngo T, Crawford RH, Gammampila R & Mendis P (2012) Life cycle greenhouse gas 

emissions and energy analysis of prefabricated reusable building modules. Energy and 
Buildings. Elsevier B.V. 47: 159-168. 

Baldwin A, Poon CS, Shen LY, Austin S & Wong I (2009) Designing out waste in high-rise 
residential buildings: Analysis of precasting methods and traditional construction. 
Renewable Energy. Elsevier Ltd 34(9): 2067-2073.  

Bernard HR, Killworth P, Kronenfeld D & Sailer L (1984) The Problem of Informant Accuracy: 
The Validity of Retrospective Data. Annual Review of Anthropology 13: 495-517. 

DEFRA (2015) UK Statistics on Waste dataset 15-12-2015. Department of Environment Food 
and Rural Affairs. Available at: https://www.gov.uk/government/statistics/uk-waste-data. 

Giesekam J, Barrett J, Taylor P & Owen A (2014) The greenhouse gas emissions and 
mitigation options for materials used in UK construction. Energy and Buildings 78: 202-214.  

HMRC (2012) Landfill Tax Bill 2012. Available at: 
http://www.gov.scot/Publications/2012/10/3524/12. 

Krug D & Miles J (2013) Offsite construction: sustainability characteristics. Buildoffsite. 
London. Available at: http://www.buildoffsite.com/outputs/publications/?id=190. 

Lehmann S (2013) Low carbon construction systems using prefabricated engineered solid 
wood panels for urban infill to significantly reduce greenhouse gas emissions. Sustainable 
Cities and Society. Elsevier B.V. 6(1): 57-67.  

Oyedele LO, Regan M, Meding J Von, Ahmed A, Ebohon OJ & Elnokaly A (2013) Reducing 
waste to landfill in the UK: identifying impediments and critical solutions. World Journal of 
Science, Technology and Sustainable Development 10(2): 131-142.  

Pout C & BRE (2012) Proposed Carbon Emission Factors and Primary Energy Factors for SAP 
2012. (December 2011): 27. Available at: 
http://www.bre.co.uk/filelibrary/SAP/2012/STP11-CO204_emission_factors.pdf. 

Ross K (2002) Non-traditional housing in the UK – A brief review. Building Research 
Establishment. Watford.  

Wang L, Toppinen A & Juslin H (2014) Use of wood in green building: a study of expert 
perspectives from the UK. Journal of Cleaner Production 65: 350-361.  

WRAP (2008) Waste Minimisation through Offsite Timber Frame Construction. Banbury. 
Available at: http://www.wrap.org.uk/search/gss/was 003.003 publication year. 


	MC16_1010_Papasifaki.pdf
	1. Introduction
	2. Methodology
	2.1 Case Study Building
	2.2 Multi-Objective Optimisation (MOO) Analysis
	2.2.1 Modelling Tools and Optimisation Parameters
	2.2.2 Retrofit Variables and Objective functions

	2.3 Future Weather Files
	2.4 Pareto Fronts
	2.5 Near Optimum Solutions

	3. Conclusions
	4. References

	MC16_1220_Lazaridou.pdf
	1. Introduction
	1.1 Weather and solar radiation data in Athens, Dublin and Casablanca

	2. Research method
	3. Results
	4. Conclusions
	5. References
	ASHRAE, 2005. Handbook of Fundamentals. Atlanta: ASHRAE.

	MC16_1230_Nariswari.pdf
	1. Introduction
	2. Thermal Comfort and Productivity
	3. Study Design
	4. Results
	5. Conclusion
	References

	MC16_1240_Leung.pdf
	Design Testing: CPVT for High-Rise Residential Buildings
	Chi Lam Leung
	Sustainable Building – Performance and Design, Oxford Brookes University, UK, info@lampsonleung.com
	Abstract
	Global concern about electrical consumption and environmental sustainability inspired the application of solar energy in buildings. As expected, more than 60% of the world’s population will live in urban areas in 2030. Residential buildings are being ...
	Keywords: Solar, CPVT, High-rise, Residential, Building
	1.  Introduction

	MC16_1250_Mwashita.pdf
	References

	MC16_1400_Chen.pdf
	1. Introduction
	2. Methodology
	2.1 Case study
	2.2 Weather data
	2.3 PHPP simulation
	2.4 ENVI-met and DesignBuilder simulations
	2.5 Overheating mitigation approaches

	3. Results and discussion
	3.1 PHPP results
	3.2 DesignBuilder (DB) results
	3.3 Overheating mitigation approaches

	4. Conclusion
	5. References

	MC16_1410_Doughmi.pdf
	1. Introduction
	1.1 History

	2. What influenced the development of Climate Adaptive Façades (CAF)?
	2.1 Double Skin Façade
	2.2 Biomimicry

	3. Case Study Analysis and Practitioners’ Perspectives
	3.1 Al Bahr Towers
	3.1.1 The Façade

	3.2 Council House 2
	3.2.1 The Council House 2 Façade

	3.3 Figure 5 The west façade of CH2                                  Figure 6 Kiefer Technic Showroom Kinetic facade
	3.4 Kiefer Technic Showroom
	3.4.1 The Façade


	4. Conclusion
	5. References

	MC16_1420_Indarti.pdf
	1. Introduction
	2. Building Profile
	3. Daylight Performance
	4. Natural Ventilation
	5. Thermal Performance
	6. Conclusions
	7. Bibliography

	MC16_1430_Ahmed.pdf
	1. Introduction
	1.1 Volatile organic compounds

	2. Method
	3. Results
	3.1 Background
	3.2 Crown Paint
	3.3 Nutshell Paint

	4. Discussion
	5. Conclusion
	6. References

	MC16_1450_Angelopolus.pdf
	1. Introduction
	2. Methodology
	2.1 Ventilation Strategies
	2.2 Evaluation Criteria

	3. Results, Analysis and Discussion
	4. Conclusions
	5. References

	MC16_1530_Ademakinwa.pdf
	1. INTRODUCTION
	2. CASE STUDY AND SEASONAL ENVIRONMENTAL STRATEGIES
	2.1 Engineering and Science Learning Centre
	2.2 Selected Studied Rooms
	2.3 Building Environmental Strategies

	3. ON-SITE MONITORING
	3.1 Daylight Performance Evaluation
	3.2 Thermal Performance Evaluation

	4. PERFORMANCE PREDICTIONS
	4.1 Daylight predictions

	5. PERFORMANCES IMPROVEMENTS
	5.1 Daylight and Thermal and Air quality
	5.2 Results and Discussion
	6. Conclusion
	7. References


	MC16_1540_Lee.pdf
	1. Introduction
	2. Methodology
	2.1 Case study summary: 1930’s mid-terraced house
	2.2 Energy consumption
	2.3 Condensation and Mould growth risks
	2.4 Embodied Energy (EE) and Carbon (EC)

	3. Results and Discussion
	3.1 Energy saving (Heating energy and Embodied Energy)
	3.2 Condensation and Mould growth risk results

	4. Optimisation and Conclusion
	5. References

	MC16_1550_Puchol-Salort.pdf
	1. Introduction
	1.1 Research Topic

	2. Context
	2.1 Urban Context. El Verger Historic Urban Growth
	2.2 Urban Context. Present
	2.3 Climate Analysis

	3. Analytic Work
	3.1 Urban Scale
	3.2 Building Scale

	4. Conclusion
	5.  References

	MC16_1610_Enos.pdf
	1. Introduction
	1.1 Area of focus – River and tenement settlements
	1.2 Hypotheses

	2. Climate
	3. Scope of work
	4. Analytical work – existing fabric
	5. Site strategies
	6. Propositions – existing streetscape
	7. Conclusions
	8. Selected references




