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Synopsis 

Climate change, driven largely by greenhouse gas emissions from human activity, is considered by 
many to be one of the biggest threats to humanity. Knowledge of the greenhouse gas emissions from 
different products and processes is therefore essential to make informed decisions in this regard. The 
objective of this study was to investigate the global warming potential of the use of treated Pine and 
Eucalyptus poles in South Africa. The investigation was a desktop exercise and based on a review of 
life-cycle analyses data from research studies in other countries. Results showed that the use of 
treated South African Pine and Eucalyptus poles will result in an estimated negative global warming 
potential of between -186 to -572 kg CO2 eq per m3 of poles utilised. In other words, the net result of 
wooden pole use translates in removal of greenhouse gasses from the atmosphere. Poles from 
concrete, galvanised steel, and fibre reinforced composites, in comparison, resulted in emissions of 
1462 kg, 789 kg, and 862 kg CO2-eq per m3 respectively. Scenario analyses showed that when 
wooden poles are used in a typical agricultural setup such as a vineyard or orchard the global warming 
potential can range between -1732 to -8455 kg CO2 eq per hectare. Unlike most manufactured 
materials, the use of wooden poles therefore has a net negative effect in terms of global warming 
potential and can be considered as a “climate friendly” material. Transport has an impact on the global 
warming potential of pole utilisation and this impact can be minimised by sourcing poles locally, and 
using the most efficient modes of transportation. 

1. Introduction

Climate change is viewed by many people as one of the biggest threats to humanity in the coming 
century. The latest United Nations Conference of Parties, or COP26, state as their main goal to 
“Secure global net zero by mid-century and keep 1.5 degrees within reach” (https://ukcop26.org/cop26-
goals/). To reach this ambitious target, the plan is that countries will adopt policies to promote 
industries and products that reduce greenhouse gas emissions and curtail those associated with high 
emissions. Apart from government actions, many consumers are also adapting their lifestyle and 
purchasing choices to become more climate friendly. 

The use of wood-based products is generally associated with low or even negative net greenhouse gas 
emissions. The South African Wood Preservers Association (SAWPA) is a non-profit association, 
formed by the South African wood preserving industry, primarily to promote timber treatment and 
treated timber products. SAWPA members have requested this report investigating the carbon footprint 
of treated poles in South Africa.  

This report summarises international research related to the greenhouse gas emissions associated with 
treated poles manufacturing. Literature most relevant to the South African environment was used to 
model and estimate the global warming potential (GWP)1 of South African treated Pine and Eucalyptus 
poles. The report also explains the sources of the selected data and the reason it is most suitable for a 
South African study. Finally, different scenarios were analysed to quantify the typical estimated GWP 
per hectare of poles planted. 

2. GWP values for untreated and treated Pine and Eucalyptus poles

In a cradle-to-gate inventory of wood production from Australian softwood plantations and native 
regrowth hardwood forests, by England et al. (2013), carbon sequestration and greenhouse gas 
emissions were investigated. This research was deemed very relevant since South Africa and Australia 
has a very similar forestry industry in terms of species, silviculture, and forest processing. The study 
examined untreated saw logs which were planted in 25 - 35 year rotations. The functional unit was a 
single cubic meter of untreated Pine or Eucalyptus log. It considered all processes from the tree 

1 Note: In this report the term global warming potential (GWP) will be used often. GWP was developed to allow 
comparisons of the global warming impacts of different greenhouse gases. For any amount of any gas, GWP is 
the amount of CO2 which would warm the earth as much as that amount of that gas. The unit used for GWP is kg 
CO2 eq / m3. It is the net amount of CO2 equivalent (in kg) emitted for every cubic meter of material manufactured. 

https://ukcop26.org/cop26-goals/
https://ukcop26.org/cop26-goals/
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establishment including all forestry operations to the saw log production (referred to as a cradle-to-gate 
study). 
 
The study showed, that total net greenhouse gas emissions (assuming no net biogenic emissions) 
represented 3.3% and 7.3% of the estimated carbon content of an average log for plantation softwood 
and native hardwood, respectively. Thus, logs from sustainably managed forests delivered to 
downstream processing plants represent significant net storage of carbon and have the potential to 
substitute raw materials which produce higher volumes of greenhouse gas emissions.  
 
More specifically, England et al. (2013) found that sequestered carbon in terms of CO2 eq per m3 log 
production for softwood plantations varied from 771 kg m3 in Tumut to 847 kg m3 in south east 
Queensland, with a mean of 787 kg m3. By comparison, sequestered carbon per unit wood production 
for Australian hardwood forests ranged from 944 kg m3 in the Central Highlands of Victoria to 1301 kg 
m3 in north east New South Wales, with a mean of 1038 kg m3.  
 
 

Table 1: Estimated GWP impacts of three pole types for two species. Some of the data was adapted 
for South African use. 

 

GWP impact (kg CO2 eq / m3) Untreated CCA Creosote 

Pine -761 (27)a -190 -417 to -572 

Eucalyptus -757 (162)a -186 -406 to -568 

System boundaries Cradle-to-gate Cradle-to-grave Cradle-to-grave 

Country Australia USA Norway 

Source 
England et al., 

2013 AWP, 2013 
Tellnes et al., 

2016 
a Standard deviation value in parenthesis 

 
In Table 1 the values of untreated poles from Englund et al.’s (2013) study was compared to that of 
treated Pine and Eucalyptus pole data obtained from two other studies. The untreated GWP results in 
Table 1 was adjusted according to air dry density for South African Pine (450 kg/m3) and Eucalyptus 
(470 kg/m3), compared to air dry density for Australian Pine (450 kg/m3) and Eucalyptus (560 kg/m3), 
(Malan, 2012 & England et al., 2013). Based on the density variance, the Eucalyptus GWP values had 
to be slightly changed (from -902 to -757) to better represent the South African resource. Furthermore, 
the CCA and Creosote Eucalyptus GWP values were calculated based on the untreated Pine and 
Eucalyptus impact ratio (1:0.99). In all instances, the lowest range (most conservative estimate) of 
impact values were selected to best represent the South African pole footprint.  
 
The chromated copper arsenate (CCA) values in Table 1 was from a study by AWP (2013) where the 
environmental life cycle assessment of CCA-treated utility poles was compared to concrete, galvanized 
steel, and fibre reinforced composite utility poles. The functional unit of the study was a 1m3 utility pole 
and the system boundary was from the extraction of the raw materials through processing, transport, 
primary service life, reuse, and recycling or disposal of the product (cradle-to-grave). 
 
In a similar LCA study, creosote treated wood and tall oil treated wood with a focus on the end-of-life 
conditions was investigated by Tellnes et al. (2016). The functional unit of the study was a 1m3 Pine 
utility pole and the system boundary was from the extraction of the raw materials through processing, 
transport, primary service life, reuse, and recycling or disposal of the product (cradle-to-grave). 
 
It is very important to note that the values in Table 1 are not entirely comparable. The effect of system 
boundaries is important since the untreated pole GWP values, were based on cradle-to-gate analysis 
and not the full life cycle impact as in the case of CCA and creosote impact values. In the full life cycle 
emissions the reuse, recycling and/or the disposal of the product is also included. This effect is also 
well illustrated by a local comparative roof truss study by Crafford et al. (2017) where CCA treated 
structural Pine lumber had a GWP value of -690 (cradle to gate) or 63 kg CO2 eq /m3 (cradle to grave) 
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per 1m3 of timber. In Crafford et al’s study, the cradle-to-gate system boundary included only the 
extraction of the raw materials and production whereas the cradle-to-grave included the extraction of 
the raw materials through processing, transport (1400km), primary service life, reuse, and recycling or 
disposal of the product. This illustrates the importance of system boundaries and especially GWP 
impact due to extensive truck transportation. The findings by Crafford et al. (2017) compares relatively 
well to values in Table 1, however structural timber requires more processing and thus results in slightly 
higher impacts compared to round logs or poles.  
 
The values given in Table 1 are, in our opinion, the best possible estimation of GWP values for poles 
for South African use, without doing a full life-cycle analysis. The following factors that might cause 
differences between the data from literature and South African data should also be noted. The values 
from England et al. (2013) represent Pine rotations of 25 – 35 years, whereas South African Pine logs 
or poles are closer to 18 years and younger. The same is true for the variance in native Eucalyptus 
regrowth and harvesting impacts vs plantation Eucalyptus impacts. At the same time, literature clearly 
indicates the low level of silviculture and even processing impacts (3.3 – 7.3%), compared to transport 
on overall life-cycle impacts (Crafford et al., 2017 & England et al., 2013). Again, base/reduced values 
were used to account for the slight variation in South African forest resources and operations compared 
to the selected literature.  
 
 

3. Transport GWP footprint  
 
In some instances, the extensive transportation or even import of materials such as poles might be 
required. In general transport impact plays a significant part in the overall life cycle impact of materials. 
However, since wood stores carbon and are relatively light per volume – wood transport impacts are 
usually not as significant compared to other denser materials, such as concrete and steel. This implies 
that locally sourced wood should be considered first, before sourcing wood from further away.  
 
A study by Liao et al. (2009) compares the CO2 emissions of trucking and intermodal container 
transport in Taiwan and highlights the importance of container shipment and trucking networks for 
trade. Although South African timber used for truss manufacturing has a lower GWP compared with 
alternative materials, a large contribution to its GWP has been attributed to emissions associated with 
truck transportation from the factory to the building site (Crafford et al., 2017). In another international 
LCA study, by Bribian et al. (2011), building materials transported from the production plant to the 
building site, covering an average distance of 100 km, were analysed, and impact calculation 
coefficients for truck, rail and shipping were developed. These values were adapted by Crafford (2019) 
for South African use (Table 2).  
 

Table 2: Impact calculation coefficients (ti) for three transport technologies per one ton transportation 
(Bribian et al., 2011 & Crafford, 2019). 

Impact category Rail Truck Ship 

GWP (kg CO2 eq./km) 0.039 0.088 – 0.193 0.011 

Primary energy demand (MJ/km) 0.751 1.55 – 3.266 0.148 – 0.17 

 
 
A model was developed to describe the impact of transport by rail, truck and ship as well as the 
combination thereof on GWP (kg CO2 eq.) or primary energy (MJ) per ton kilometer by Crafford (2019) 
(Equation 1).  
 
TI = (m x t1 x d1) + (m x t2 x d2) + (m x t3 x d3)…………………………….………………..Equation 1  
 
where :  
 
TI = transport impact, in kg CO2 eq. or MJ  
m = mass, in ton;  
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ti = transport technology coefficient, either GWP or primary energy (from Table 2); 
di = transport distance per transport technology, in kilometers.  

It is interesting to note that the order of magnitude difference between ship (1x), rail (4x) and truck (8x) 
transport impacts. That implies one can transport 1 ton of poles 1000km with truck or 8000km via 
container ship to have a similar GWP transport impact. For example, to transport 1 ton of poles over 
1000km by truck, would equate to 1 x 0.088 x 1000 = 88 kg CO2 eq. Note, transport impacts are 
already accounted for in the CCA and creosote pole values in Table 1 (since transport are part of the 
cradle to grave impacts). This simple transport equation illustrates the impact of transport choice and 
distance on GWP. In most instances it would be advised to source poles as close as possible to end-
use. However, since wooden poles has the ability to store carbon, transport impacts such as in this 
example 88 kg CO2 eq. (for 1 ton of poles) is fairly small compared to the amount of carbon that 1 ton 
of wooden poles absorbs from the atmosphere (± 1691 kg CO2 eq.).  

4. South African timber resource availability

South Africa is generally perceived as a country with limited forest resources and the mistaken 
perception is that there will be a long-term shortage of local timber availability. Table 3 summarizes 
some of the local resource supply options. More specific, the South African plantation forestry industry 
is very productive and despite having only about 1.2 million ha covered with plantations, the annual 
national industrial roundwood production was 17.5 million m3 in 2015. South Africa’s industrial 
roundwood production is used mainly for the production of pulp and board products (51%), sawn 
lumber (24%) and chip exports to Asia (17%). In 2016, sawn timber production was 2.3 million m3 of 
which 70% was used in construction, mainly for roof truss material (FSA, 2020). 

Table 3: Current and potential available log resources in South Africa. 
Description Log volume 

(m3/year) 
Availability 
(years)* 

Data source 

Current chip export resource. 

Eucalyptus and wattle logs 

2 600 000 Immediate FSA, 2020 

Current pulp, board, and other log 

resource. Eucalyptus, wattle and Pine. 

11 850 000 Immediate FSA, 2020 

Current sawlog resource. Pine 4 200 000 Immediate FSA, 2020 

Import logs or wood products N.A. Immediate 

Afforestation Eastern Cape / KZN. 140 

000 ha 

2 070 000 24 (8) DEA, 2017 

Dryland afforestation Western Cape. 

175 000 ha 

1 557 500 30 (10) Von Doderer, 2012 

*Value in parentheses is for pulpwood rotations and thinning’s.

In addition, afforestation with fast growing plantation species is also a possibility. Although available 
land that is considered suitable for plantations is limited in South Africa, communal areas of 100 000 ha 
were earmarked by the government for afforestation in the Eastern Cape. There is also about 40 000 
ha private farmland available in KwaZulu-Natal for afforestation. If successful, these afforestation plans 
have the potential to produce an additional annual sustainable supply of 2.07 million m3 roundwood. 
These figures were calculated using a mean annual increment of 14.8 m3 /ha/year for softwood 
sawlogs (Crickmay, 2013).  

There is also potential for afforestation in areas previously not considered suitable for plantation 
forestry. Recent research shows the potential of dryland forestry in the Western Cape coastal areas. 
Von Doderer (2012) identified 175 000 ha of potential dryland forest plantation area in the Western 
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Cape. This area could result in a potential annual yield of 1 557 500 m3 of log volume (based on a 
mean annual increment of 8.9 m3 /ha/year) within about 30 years of establishment. Although more 
research is required to quantify the exact figures – this section clearly indicate the renewable and 
resourceful nature of roundwood (including poles) production in South Africa.  

5. Scenario analysis: Carbon benefits of agricultural timber pole use

To quantify the GWP or carbon benefits of having selected pole types in a typical South African 
vineyard or farm, various scenarios were analysed. The scenarios analysed included a wine vineyard, 
table grape vineyard, and two orchard lay-outs: 

Scenario 1: 1 ha of vineyard; Pole dimensions 1.8m x 80-99 & 50-79mm diameter; 3 x 10m spacing, 
#333 poles of which 68 anchor poles 

Scenario 2: 1 ha of table-grapes; Pole dimensions 2.4m x 80-99 x 50-79mm diameter; 3 x 10m 
spacing, #333 poles, 68 anchor poles 

Scenario 3: 1 ha of orchid; Pole dimensions 3.6m x 100-119 & 80-99mm diameter; 4 x 15m spacing, 
#167 poles, 50 anchor poles 

Scenario 4: 1 ha of orchid; Pole dimensions 4.2m x 100-119 & 80-99mm diameter; 4 x 15m spacing, 
#167 poles, 50 anchor poles 

Table 4: Four standard pole planting scenarios in South Africa. 

Pole quantity per ha Pole volume (m3/ha) 

Total Anchor Middle 
Pole dia, 

110-119mm
Pole dia, 
80-99mm

Pole dia, 
50-79mm Total 

Scenario 1 333 68 265 x 3,08 6,23 9,31 

Scenario 2 333 68 265 x 4,11 8,31 12,42 

Scenario 3 167 50 117 6,78 10,60 x 17,38 

Scenario 4 167 50 117 7,91 12,37 x 20,28 
SABS 457 pole classes 2 to 4 for tapered poles was specified and diameter was thin end in all cases. 

The analyses in Tables 5 and 6 and Figures 1 and 2 were based on the data from Tables 1 and 4. In 
each case the most conservative GWP values was selected to perform the various impact analyses.  

Table 5: GWP impact / ha of four standard Pine pole planting scenarios in South Africa, in kg CO2 eq. 

Untreated Creosote CCA 

Scenario 1 -7088 -3884 -1770

Scenario 2 -9451 -5179 -2360

Scenario 3 -13226 -7247 -3302

Scenario 4 -15430 -8455 -3853

Treated poles have the potential to store carbon for many years, until disposal, where the (most) 
carbon will return to the atmosphere, depending on the mode of disposal. Some poles can last 
hundreds of years, depending on the species, treatment, application, and climatic conditions. Table 5 
display a range of GWP values of untreated, CCA and creosote Pine poles / ha / planting regime. 
Using untreated Pine poles is of course highly unlikely and not practiced in South Africa where the pole 
lifetime will be very short. Untreated GWP pole data was, however, also included in the range – as 
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control or baseline impact. Scenario 1 is a typical wine vineyard and has the lowest carbon storing 
capacity of -1770 for CCA and -3884 kg CO2 eq for creosote poles. Scenario 4, a typical lay-out for an 
apple orchard has the highest carbon storing capacity of -3853 for CCA poles and -8455 kg CO2 eq for 
creosote poles. 
 
 

Table 6: GWP impact / ha of four standard Eucalyptus pole planting scenarios in South Africa, in kg 
CO2 eq. 

Eucalyptus Untreated Creosote CCA 

Scenario 1 -7051 -3782 -1732 

Scenario 2 -9401 -5042 -2310 

Scenario 3 -13157 -7056 -3233 

Scenario 4 -15349 -8232 -3771 
  
Table 6 displays a range of GWP values of untreated, CCA and creosote Eucalyptus poles / ha / 
planting regime. Again, Scenario 1 is a typical wine vineyard and has the lowest carbon storing 
capacity of -1732 for CCA and -3782 kg CO2 eq for creosote poles. Scenario 4, a typical lay-out for an 
apple orchard has the highest carbon storing capacity of -3771 for CCA poles and -8232 kg CO2 eq for 
creosote poles. 
 
Based on this study, the most realistic GWP potential for treated SA Pine and Eucalyptus poles would 
range between -1732 to -8455 kg CO2 eq per ha or between -186 to -572 kg CO2 eq per m3. The same 
scenario’s were graphically depicted in Figures 1 and 2. 
 

 
Figure 1: Typical GWP storage values of Pine poles / ha / planting regime in South Africa. 
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Figure 2: Typical GWP storage values of Eucalyptus poles / ha / planting regime in South 
Africa. 

6. GWP of alternative pole materials

Bolin et al. (2011) performed a comparative LCA that evaluated utility poles manufactured from 
concrete and galvanized steel in terms of GWP. AWP (2013) performed a similar study on CCA-treated 
Pine and fiber-reinforced composite utility poles with a functional unit of one 45-foot pole (1m3) meeting 
the US National Electrical Safety Code Grade C design standards. The inventory analysis phase of the 
LCA involves the collection and analysis of data. For each product life cycle, inputs of energy and raw 
materials, outputs of products, co-products and waste, and environmental releases to air, from 
extraction to final disposal were included. 

Table 7: Global warming potential impact comparison ratio of representative utility poles. 
GWP impact (kg CO2-eq / pole) Pine (CCA) Concrete Steel Fibre reinforce composite 

GWP (kg CO2-eq / pole) -190 1462 789 862 

System boundaries Cradle-to-grave Cradle-to-grave Cradle-to-grave Cradle-to-grave 

Source AWP, 2013 Bolin et al., 2011 Bolin et al., 2011 AWP, 2013 

Based on the results in Table 7, all alternative pole materials have significantly higher GWP impacts 
compared to the CCA treated Pine poles. Whereas CCA-treated pine resulted in a net absorption of 
CO2 eq of -190 kg from the atmosphere, the concrete poles resulted in emissions of 1462 kg CO2-eq, 
galvanised steel in 789 kg CO2-eq and fibre reinforced composites in 862 kg CO2-eq per m3. Whereas 
the Pine poles have the potential to reduce carbon in the atmosphere, the other pole materials all 
resulted in significant net emissions per m3 pole manufactured.  

7. Conclusion:

Trees and wood consist largely of carbon-based compounds which was formed through the 
photosynthetic process of absorbing CO2 from the atmosphere. Poles are one of the wood based 
products where the least processing energy is required for final product manufacturing. It is therefore 
unsurprising that the use of both untreated and treated poles can result in significant net carbon 
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storage. This investigation, based on life-cycle analysis data from research studies in other countries, 
showed that the use of treated South African Pine and Eucalyptus poles will result in an estimated 
negative global warming potential of between -186 to -572 kg CO2 eq per m3 of poles utilised. Scenario 
analyses showed that when these poles are used in a typical agricultural setup such as a vineyard or 
orchard the global warming potential can range between -1732 to -8455 kg CO2 eq per ha. Unlike most 
manufactured materials, the use of wooden poles therefore has a net negative effect in terms of global 
warming potential and can be considered as a “climate friendly” material.  
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