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Abstract

Road sustainability might sound like a misnomer. However, international initiatives include example 
of roads sustainability frameworks based on life cycle assessment. Nationally, we can also find 
increasing examples of sustainability being seriously considered in infrastructure projects.

The main elements covered in road sustainability are:
1. Environment and economic decision-making
2. Public Engagement
3. Decision for long-term environmental performance
4. Construction planning
5. Planning for lifetime monitoring and maintenance

Earthco Projects  Ltd is  a distributor  of  a stabilisation  product  manufactured in  Australia.  Their 
product, PolyCom Stabilising Aid®, is listed with Eco-Buy and with Sustainable Choice NSW.

Earthco Projects  Ltd wanted to evaluate the extent  of  the significant  reductions in  the carbon 
footprint, material and water resources usage and financial savings they observed on projects they 
worked  on.  A life-cycle  based  assessment  of  a  project  using  PolyCom  and  a  project  using 
conventional methods of re-sheeting was conducted by the Factor Ten sustainability consultancy.

The findings for this specific project were significant:
 Close to 90% reduction in greenhouse gas emissions
 80% reduction in water usage
 70% / year financial savings on the maintenance of the road

Thinking and designing sustainably can make a big difference to the triple bottom line.
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Introduction

Local Governments, Public Works engineers, 
Elected  representatives  are  under  pressure 
to  design,  build  and  maintain  road 
infrastructure  within  tighter  economic 
conditions,  increased  social  awareness  and 
strong  environmental  constraints  (VAGO, 
2012;  NSW  Division  of  Local  Government, 
2013; LGA SA, 2004).

Sustainability  as  a  Triple  Bottom  Line 
approach  is  expected  at  all  levels  of  the 
decision-making process (Hes D and Bates 
M,  2003) supported  by  a  number  of 
infrastructure  rating  tools  both  globally  and 
nationally.

Earthco  Projects  Ltd  proposes  a  different 
approach  to  the  construction  and 
maintenance  of  unsealed  roads  which 
provides  local  governments  and  other  road 
makers  with  the  ability  to   reduce  project 
costs and significant opportunities to reduce 
their  carbon  liabilities  and  environmental 
impacts generally. 

The  main  elements  which  can  support  this 
assertion  are  highlighted  below  and  were 
defined  during  a  high-level  carbon  footprint 
which was conducted in February 2013:

1. PolyCom Stabilising Aid® (roadbase) 
carbon  footprint  for  manufacturing 
activities in the baseline year 2012 is 
estimated at  3.14 kg of CO2-e per 2 
kg bottle.

2. When  comparing  the  re-sheeting 
(over  one  year)  of  1  km  unsealed 
roads  (see  details  in  report  below), 
the  traditional  method  would  emit  at 
least 7,160 kg of CO2-e per km. The 
same  activities  using  PolyCom 
Stabilising Aid®® method would emit 
741 kg of  CO2-e per km. A possible 
reduction  in  greenhouse  gas 
emissions of close to 90%.

3. Water usage could be reduced by up  
to 80% over one year  (see details in 
report  below) when  using  the 
PolyCom  Stabilising  Aid®  method: 
600kL  for  the  traditional  method, 

116.40kL  when  using  PolyCom 
Stabilising Aid®.

4. Comparative cost study demonstrates 
that the project would save more than 
70% of the costs normally incurred for 
the  maintenance  and  re-sheeting  of 
unsealed roads.

Other significant benefits are:
 Significant cost reductions due to the 

elimination  of  quarry  material  in  the 
re-sheeting process

 Reduction  of  the  damage  to  roads 
caused by the transport and tipping of 
quarry material en route to the site

 Overall  reductions  in  plant  and 
machinery use

 The  product  is  environmentally  inert 
and is listed with Eco-Buy (2013) and 
Sustainable  Choice  NSW (LG NSW, 
2013).

Finally, we have listed a number of collateral 
benefits such as:

 PolyCom  containers  are  fully 
recyclable (HDPE #2)

 Reduced sediment to receiving waters 
during rainfall events of treated roads

In  opening  up  the  door  to  innovative 
environmentally  friendly  products  and 
methodologies  such as PolyCom Stabilising 
Aid®, municipal work engineers and officers 
unlock  opportunities  for  significant 
environmental and financial savings.

Building  a  knowledge  base  on  road 
sustainability  anchored  in  real-life  projects 
significantly contributes to the development of 
green skills and future thinking for the sector.

In this paper, we will establish the basis of a 
road sustainability approach. We will present 
a case study on the sustainability benefits of 
using PolyCom Stabilising Aid® compared to 
re-sheeting  of unsealed roads.

Finally, we will assess the achieved benefits 
against  the  core  elements  of  sustainability 
rating systems reflecting on lessons learned 
and future possibilities.



Project Context

Climate change and the issues related to its 
impact  on  the  environment,  governments, 
industry and communities is one of the major 
challenges  facing  Australia  [and  the  rest  of 
the world] (IPCC, 2007; Garnaut, 2011)).

Resource depletion, quality of water run-off, 
health and safety of workers and road users 
and land-use are  high on the list  of  issues 
facing the industry (Pears, 2004).

Environmental,  Financial  and  Social  
Issues

Across the life cycle, direct impacts of roads 
construction include (Pears, 2004):

 Impacts  of  materials  used  (in 
mining/harvesting,  processing  and 
during construction) 

 Design,  which  influences  quantities 
and  types  of  materials,  scale  of 
disturbance,  future  energy  and 
resource usage, etc 

 Site  impacts,  such  as  biodiversity 
loss,  social  impacts  (eg  dividing 
communities)  and  future  noise,  run-
off, etc 

 Transient  construction  impacts  such 
as  on-site  energy  use,  dust,  noise, 
water  pollution,  occupational  health 
and safety, etc 

 Lifetime  issues,  including  design  for 
flexibility  regarding  upgrading  or 
changing  uses,  longevity,  and 
potential  for  recovery of  materials  at 
end of life

Additionally, local governments carry much of 
the  responsibility  for  financing  the 
construction and the maintenance of  assets 
over  its  lifetime,  ensuring  the  health  and 
safety  of  project  workers  and  users  of  the 
infrastructure (WALGA, 2008; ALGA, 2010). 

They  have  an  increased  responsibility  to 
report on all these aspects. The States which 
haven't yet put in place a reporting framework 
are in the process of doing so.

However,  funding  for  road construction  and 
maintenance are tightening and several if not 
all  local  government  authorities  have 
identified  a  need  to  understand  and  match 
future  costs  and  services  consequences  of 
their current portfolio (LGA-SA, 2004; ALGA, 
2010).

Sustainability assessment in Road Works

In  order  to  analyse  and  estimate  the  road 
projects  alignments  to  sustainability 
principles, a range of assessment tools have 
been developed.

Globally
In  Europe,  studies  have  been  conducted 
around  Energy  efficiency  of  Roads 
construction  and  maintenance  since  2007. 
EACI  (2010)  has  supported  a  number  of 
research projects including road construction 
and  maintenance  over  20  years  and 
innovation  linked  to  intelligent  energy 
opportunities  in  sustainable  infrastructure 
projects.  CEEQUAL (2013)  in  the  UK  has 
been  one  of  the  first  sustainability  rating 
systems  in  infrastructure  projects  and  has 
since  inspired  a  number  of  other  rating 
systems including the IS Rating Tool (ICSA, 
2013).

In the US,  Green Roads (2011)  and Green 
Lites  (NYSDOT,  2009)  sustainability 
frameworks  were  launched  in  2008/10  and 
have  brought  enormous  changes  to  the 
Industry (GreenRoads, 2013) thanks to well 
designed rating systems. 

Other  rating  systems  have  been  launched 
since  which  cover  similar  areas  with  an 
emphasis  and  weight  slightly  different  from 
each other.

Illustration  1:  Planning  and  Accountability  
Frameworks, (FINPro, 2012)



These  rating  tools  evaluate  projects 
according to (TRB, 2012):

 Stakeholder Relationships
 Community Wellbeing
 Land Use and Heritage
 Ecology and Biodiversity
 Transport
 Materials and Resources
 Water
 Energy and Emissions
 Project Management

In Australia
Initiatives  in  sustainability  from  VicRoads 
(2010),  IPWEA (2013)  ,  ISCA (2013),  RTA 
NSW (2012),  ARRB (Houghton,  1998),  IRF 
(2011),  MAV (2013),  AustRoads (2012)  and 
WALGA  (2008)  have  laid  the  basis  for 
reductions  in  resource  consumption, 
greenhouse gas emissions, waste generation 
and  cost  of  road  construction  and 
maintenance.

Main challenges
As identified by Shaw et al (2012), despite a 
strong  environmental  approach,  several 
issues  have  been  identified  in  the  different 
assessment tools  as lacking in coverage or 
focus:

 Operations/Maintenance and 
Deconstruct / Decommission of 
infrastructure assets

 Social criteria 
 Economic criteria

PolyCom  Stabilising  Aid®  Case 
Studies

Many organisations have decided to calculate 
their carbon footprint and start implementing 
measures  which  will  lead  to  reduction, 
avoidance, management and offset of carbon 
emissions.

Reputation,  recruitment,  cost  savings,  risk 
reduction and competitive advantage are all 
part of the drivers for carbon accounting as a 
necessary step towards sustainable business 
planning.

Earthco  Projects  Ltd  felt  their  product  was 
contributing  positively  to  reducing  the 
traditional  environmental  impacts  generated 
by  road  construction  and  maintenance 
activities.  They  decided  to  take  actual 
measurements of  their  own carbon footprint 

and  to  start  tracking  comparisons  of 
traditional methods vs. their methods in terms 
of carbon emissions and other environmental 
impacts.

Life cycle thinking

When  initiating  the  case  study,  we  put  a 
specific emphasis on the need to account for 
the full  life cycle of  a project  rather than to 
have a partial view of its impacts.

We  first  assessed  the  life-cycled  based 
carbon footprint of the product itself.

The  product  –  PolyCom  Stabilising  Aid®  - 
footprint  covers  Inputs  (Raw  materials  / 
Energy) and Outputs (Waste and Emissions) 
and includes:

 Production  and  supply  of  materials 
and components

 Factory production
 Distribution
 Use or Utilisation
 End of life system / final disposal

We then  measured  different  unsealed  road 
re-sheeting projects using the same life cycle 
approach. This ensured us we have looked at 
the impacts and benefits over the life time of 
the asset.

Method

The inventory was developed according tho 
the  GHG  Protocol  –  a  corporate  and 
accounting  standard  from  the  World 
Resource  Institute  and  World  Business  for 
Sustainable Development (WRI, 2011).

Illustration  2:  Life  Cycle  Stages  of  a  road  
construction project  -  Proportion of  Greenhouse  
Gas Emissions



Factors  mainly  found  in  the  National 
Greenhouse  Accounts  Factors  from  the 
Australian  Government  –  Department  of 
Climate Change unless otherwise indicated in 
the detailed inventory (DCCEE, 2012).

This  is  the  first  inventory  developed  for 
Earthco Projects  Ltd.  It  has  been  compiled 
thanks  to  direct  access  to  the  organisation 
data  and clients  information.  We also  used 
the Greenhouse Gas Assessment Workbook 
for Road Projects (TAGG, 2011).

Assumptions

PolyCom Stabilising Aid® carbon footprint
The following elements were measured:

 Bottle  production  (HDPE  made  in 
Australia,  Transport  to manufacturing 
site)

 Electricity / gas usage (used electricity 
and gas data from the manufacturer 
for the reference period)

 Waste production (volume of recycled 
and non-recycled waste attributable to 
the production of PolyCom Stabilising 
Aid®)

 Production  and  transport  of  material 
inputs  (accounting  for  all  material 
inputs  and  the  embodied  energy 
included in each, transportation of the 
materials to the factory)

Case study – unsealed roads re-sheeting
The assumptions listed below are all  based 
on  a  range  of  real-life  projects  which  were 
documented  through  the  2010/11  period  in 
the regions of Mildura and in the Alpine Shire 
in Victoria. The scope is on unsealed roads 
re-sheeting and maintenance over one year.

Assumptions which apply to both methods:
 1 km unsealed road
 Located in Australia
 6m width
 Average weather conditions
 Post-2004 vehicles
 All fuel is diesel
 Fuel  consumption is calculated for  8 

hours operations on site for standard 
machinery

Assumptions  which  apply  to  the  traditional 
method:

 Include  water  only  compaction  to 
place  75mm  of  new  gravel,  and 
tippers to cart gravel to the site

 Requires grader, roller and water cart 
at initial construction  + an additional 4 
times a year for re-sheeting
◦ Grader uses 90 litres of diesel for 

8 hours operations 
◦ Roller  uses 45 litres diesel  for  8 

hours of operations 
◦ Water cart uses 55 litres diesel for 

8 hours of operations 
◦ Transportation  and  fuel 

consumption  to  and  from  site  is 
not accounted for 

 Quarry material  required is  900 tons 
for the year
◦ 36 loads required for 2 hours each 

to haul material to site
◦ 414 litres of diesel used
◦ Transportation of  material  on site 

is  calculated  on  a  20km  haul 
(40km return)

 Water usage is 120,000 litres initially 
then 4 times a year for re-sheeting

Assumptions  which  apply  to  PolyCom 
Stabilising Aid® method:

 Requires grader, roller and water cart 
at initial construction only
◦ Grader uses 90 litres of diesel for 

8 hours operations 
◦ Roller  uses 45 litres diesel  for  8 

hours of operations 
◦ Water cart uses 55 litres diesel for 

8 hours of operations 
◦ Transportation  and  fuel 

consumption  to  and  from  site  is 
not accounted for

 No  quarry  material  required  in  this 
example

 Water  usage  is  84,000  litres  initially 
only

 No re-sheeting required on road for at 
least 1 year

 12  bottles  of  PolyCom  Stabilising 
Aid® required

 Bottles are not recycled by client

Life cycle costs:
 Cost of material: $ / ton including fuel, 

delivered to the site
 Estimated  cost  of  water  (Victoria): 

$/kL including sewage



 Cost  of  Grader/Roller/Watercart 
including staff:  $ for  8 hours on site 
including fuel and staff

 Cost  of  PolyCom  :  $  for  #  bottles 
required

Findings

PolyCom Stabilising Aid® Footprint
The  life  cycle  based  GHG  emissions 
calculations  for  the  manufacturing  of 
PolyCom Stabilising Aid® was calculated for 
the  year  2012.  We  note  that  it  is  a  23% 
improvement  from  the  2010  carbon 
emissions footprint.

Key Performance Indicator : 
3.14 kg of CO2-e / 2kg bottle of PolyCom 

Stabilising Aid®

It serves as a basis for the data on embodied 
energy  contained  in  the  product  and  was 
used in the comparison of the two methods of 
re-sheeting  unsealed  roads  (traditional  vs. 
PolyCom Stabilising Aid®)

Unsealed  Road  Re-Sheeting  Project   - 
GHG Emissions
When comparing  the re-sheeting  (over  one 
year)  of  1  km unsealed  roads  (see  project 
assumptions  above),  the  traditional  method 
would emit at least 7,160 kg of CO2-e per km 
(Scope  1).  The  same  activities  using 
PolyCom Stabilising Aid® method would emit 
741 kg of  CO2-e per km (Scope1). A possible 
reduction  in  greenhouse  gas  emissions  of  
close to 90%.

Unsealed Road Re-Sheeting Project - Life 
Cycle Costs
An  important  component  of  the  life  cycle 
analysis is the comparison between the costs 
of  maintaining  and  re-sheeting  unsealed 
roads using the traditional method compared 
to using PolyCom Stabilising Aid®.

Using the same assumptions as for the rest 
of the life cycle, we have evaluated the costs 
of  each  method  and  estimated  the 
differences.

Comparative cost study demonstrate that the 
project  would  save  more  than  70%  of  the  
costs normally incurred for the maintenance 
and  re-sheeting  of  unsealed  roads  over  1 
year.

Unsealed  Road  Re-Sheeting  Project  - 
Water Usage
Water usage could be reduced by up to 80% 
over  one  year  when  using  the  PolyCom 
Stabilising  Aid®  method:  600kL  for  the 
traditional  method,  116.40kL  when  using 
PolyCom Stabilising Aid®.

Unsealed  Road  Re-Sheeting  Project  - 
Other findings

 Significant  cost  and GHG reductions 
due  to  the  elimination  of  quarry 
material in the re-sheeting process

 Reduced sediment to receiving waters 
during rainfall  (Similar product to the 
ones used for water filtering)

 Reduction  of  the  damage  to  roads 
caused by the transport and tipping of 
quarry material en route to the site

 Overall  reductions  in  plant  and 
machinery use

 A reduction  in  number  of  complaints 
due to potholes on the roads treated 
with PolyCom Stabilising Aid®

 The  product  is  environmentally  inert 
and  is  listed  with  Eco-Buy  and  with 
Sustainable  Choice  New  South 
Wales.

Case  Study  as  a  model  in 
Sustainability  Implementation  and 
Assessment

When we review what requirements of roads 
sustainability  were  actually  met  during  the 
case study we found the following.

We  believe  the  results  show  a  significant 
improvement in the long-term sustainability of 
the  project  on  many  fronts.  We  have 
highlighted the areas where data was made 

Illustration  3:  PolyCom  Stabilising  Aid®  -  
Achieved Benefits on GreenRoads Sustainability  



available to the project to be able to back any 
assertions that we might have. 

We  have  noted  that  there  is  a  significant 
amount  of  information  available  already 
which would support the following additional 
benefits:

 Improves mobility
 Improve human health and safety
 Improves accountability
 Increases awareness

Further studies will be conducted in the near 
future  to  evaluate  the  potential  additional 
benefits.

Responding to criteria not well covered by 
sustainability assessment schemes

As mentioned above,  ratings systems do not 
cover  Social,  Economic  (Goh,  Kai  Chen  & 
Yang,  Jay,  2009)  and  maintenance  criteria 
very well (Pears, 2004). 

The  case  studies  presented  in  this  paper 
started to create data around specific aspects 
of 

1. Costs  (life-cycle  costs  over  defined 
period 1, 5 and 10 years)

2. Maintenance and operations (average 
grading and re-sheeting activities over 
a 1, 5 and 10 years period)

3. Social  (started  data  gathering  and 
comparison  of  complaints  raised  to 
Local  Authorities  for  the  treated 
section of the asset)

Earthco Projects Ltd has been engaging with 
its clients in order to help them develop an 
awareness of the sustainability  issues which 
characterises  the  type  of  activities.  They 
provide  solutions  to  resolve  them  and  get 
involve with the training and education of the 
workforce.

Future Case Studies

The  case  studies  mentioned  in  this  paper 
where  initially  conducted  in  2010  then 
reviewed and validated again in 2012.

On the 7th May 2013, the CityWide Group and 
Earthco  Projects  conducted  a  live 
demonstration  of  PolyCom  vs.  cement 
treament  of  a  sealed  road  in  Yarra  Glen 
(VIC). This also marks the start of a new case 

study which will be delivered in the next few 
months.

A number of underground mines have been 
using  the  product  regularly  on  their  roads 
network (WA and NSW). We are working on 
developing more papers specific to that area.

Conclusion

Triple  Bottom  Line  (Economic,  Social, 
Environmental)  has  proven  to  be  a  great 
driver of improvement in any industry. 

The  PolyCom  Stabilising  Aid®  case  study 
provided the data necessary to support that 
innovation  in  product  selection  and  in 
methodology  achieve  great  financial, 
environmental and social outcomes.

In  an  industry  that  is  required  to  be  more 
sustainable,  the  study  also  shows  that 
resources can be used more efficiently.

This  was  proven  by  the  results  achieved 
using PolyCom Stabilising Aid® product and 
methodology:

 Close  to  90%  reduction  in 
greenhouse gas emissions

 80% reduction in water usage
 70% /  year  financial  savings on the 

maintenance of the road

In researching this topic and undertaking this 
project,  it  is  apparent  that  a  lack  of  data 
exists  in  relation  to  road  qualitative  and 
quantitative information: 

Whilst data is scarce and gathering methods 
underdeveloped,  some  good  infrastructure 
sustainability rating systems exist. Producing 
quantifiable, reliable and peer reviewed data 
is  critical  to  proving  efficiency  gains  and 
providing  examples  and  results  to  support 
change within the industry.
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