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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 CO,e 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 (CO;) and carbon dioxide equivalent (COe) 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 m? 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 Literature review

carbon emission.

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

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

Based on analysis, determine if panelized timber frame prefabrication techniques generate Analysis in Excel with embodied
less waste and produce less carbon emissions than conventional site built construction. carbon data from ICE database
Provide recommendations for reducing waste and carbon emissions in the UK construction Based on research, analysis and
industry. 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 Truss roofs and foundations are not unique to a specific building method. If both techniques

not calculated use it, waste and CO,e will be the same.

1% reduction in mileage per 100 Ibs 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.




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.

% personal vehicles at the PfCC are small to large Concrete figures were not available. Figure based on visual survey of the parking lot and

pickups with the final % being cars primary research.

Electricity carbon generation is considered the same for 43 kg CO,e is the average consumption of a jobsite generator. As grid hookups are not

both companies 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.

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
0OSCC was between 3.8 and 5.4 m?3
whereas the figures generated
from the PfCC were reported as 14
m3. In both cases wood waste and
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the total waste sent to landfills by Figure 1:05CC carbon emissions  Figure 2:PfCC carbon emissions

the PfCC was only 4 m3 as the rest was either burned or given to a local farmer for animal
bedding.
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was required.
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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), CO,e from crew
commutes dropped by more than half from 3,223 kg COze to 1,465 kg COze.

Similarly, to test the
effects on site time has on
on-site  emissions, the
OSCC time on site was
artificially reduced to 5

2,000
days. The result of 1,500
decreasing the on-site time I 1222 I I
by 33% showed a direct ) I [ I

B OSCC Base Case 1 Changing OSCC Commutes = Reduction in OSCC site time B PfCC Base Case
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decreases. Because this
timeframe is unfeasible Figure 5: Comparison of OSCC interventions against base case categories

and only used to test the effects of time on site, reducing the size of employee’s vehicles
shows more potential for implementation.
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To test the reductions in emission by switching the 3,500
PfCC's power source, carbon emissions were 2?88
calculated for a switch from their diesel generator 2,000
to grid electricity. As the embodied energy of 1322
burning diesel is higher than the embodied energy 500
for grid electricity in New Hampshire, a 1,323 kg - Overhead Emissions
CO,e savings was seen from this change (Figure 7). PFCC with Grid Power 680
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The feasibility of this switch was found to be Figure 7: Shop power; grid vs. diesel generator
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.
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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.



Based on the research found in this study suggestions and recommendations were
generated to aid in waste and carbon emissions reductions:
e Encourage OSCC employees to drive smaller vehicles
e Limit commuting and on site time as much as possible
e Limit the distance job sites are from the shop to decrease transport
e Consider using grid electricity when possible to decrease embodied carbon emissions
e 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.
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