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Abstract: Nature-based conservation management (NBCMs) estates are seen as natural solutions to
climate change and hence immune to harmful greenhouse gas (GHG) emissions. However, NBCMs, in
their daily operations to protect and conserve biodiversity, may result in GHG emissions. These may
come as a significant carbon burden. This is the first study based on a literature review to look at the
carbon footprint of an entire conservation estate operation and management. South African National
Parks (SANParks) aimed to contribute to national targets by reducing their fossil-fuel-generated
energy consumption by 2% per year until achieving carbon neutrality. The objectives of this paper
were (1) to quantify the SANParks C emissions profile at the organization and individual park level
and develop recommendations to sustainably reduce carbon emissions and (2) to suggest alternative
scenarios that SANParks could follow to achieve zero energy emissions. The study presented an
audit analysis of the emission sources linked to SANParks’ daily activities over a five-year period
(2015–2019) using the GHGs protocol corporate accounting and reporting standard methodology.
Over the reference period, SANParks emitted an average of 73,732 t of carbon dioxide equivalent
(tCO2e) per year. Most emissions came from electricity usage, 40,681 tCO2e (55%), followed by fuel
usage for stationary combustion at 26,088 tCO2e (35%), and both account for 90% of SANParks’
total emissions. Results have shown the variation amongst individual parks in GHG emission and
intensity ratio among the different parks. Total SANParks emission showed a significant relationship
with Scope 2, followed by number of employees, building size, Scope 3, and Scope 1, in order.
This work recommends how SANParks estate may reduce their carbon emissions at a national
and individual level. SANParks achieved 1% year-on-year energy emissions reduction through its
renewable base; however, an ambitious target of 8% would be appropriate for a 1.5 ◦C future based
on the energy scenario planning.

Keywords: greenhouse gases; emission sources; GHG protocol; protected areas management; renew-
able energy; fuel consumption; carbon neutrality; low-carbon transition; energy scenarios

1. Introduction

Increasing GHG emissions is one of the primary causes of climate change. Globally,
GHGs have increased drastically since the industrial revolution and are expected to con-
tinue rising [1]. Considerable evidence shows that the highest portion of climate change
is mainly caused by the emission of GHGs due to anthropogenic activities, particularly
carbon dioxide (CO2) from fossil fuel combustion, and could accelerate the temperature
increase in the future [1–3]. South Africa was shown to be one of the world’s largest per
capita GHG emitters, due to its energy-intensive industries and the high share of coal
use [4]. This is mainly due to high dependence on coal, which accounted for 91% of its
electricity generation in 2016 [5]. A fossil fuels-intensive energy, transport, and economy
have shown to be the biggest culprits in South Africa. However, in recent years, South
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Africa has taken steps towards clean energy generation. The African Development Bank
estimates that renewable energy generation (mainly through wind and solar) will continue
to grow in the future [4]. In order to transform to low-carbon energy and economy, under
the Copenhagen Accord, South Africa committed to cut emissions by 34% from business as
usual (BAU) by 2020, and by 42% by 2025. South Africa released the “Intended Nationally
Determined Contribution” (INDC) that builds on mitigation targets by moving from a
relative deviation from BAU to an absolute PPD (“peak, plateau, decline”) trajectory, where
GHG emissions should peak by 2020, plateau until 2030, and begin to decline after 2030.
The INDC has been updated and the expectation is that emissions should plateau from
now until 2030. The National Climate Change Response White Paper (NCCRWP) of 2011
presents the country’s vision for an effective climate change response and the long-term
transition to a climate-resilient low-carbon economy and society [6]. South Africa identifies
several policy mechanisms to achieve reductions including sectoral emission reduction
targets and company-level carbon budgets. Therefore, steps should be taken to reduce
these GHG emissions and help the country to achieve its international commitments but
more so to achieve clean air human rights in the country. The Carbon Tax Act [7] was
signed into law to enforce policy measures that will support international commitments
such as the 2015 Paris Agreement and ensure a cost-effective transition to a low-carbon
economy in all the sectors in the country. South Africa has recently developed a Low
Emission Development Strategy (LEDS) which it plans to submit as a commitment towards
achieving its Paris commitments and goals [8]. The Carbon Tax Act together with the
Greenhouse Gas Emissions reporting, Climate Change Bill, and Pollution Prevention Plan
regulations are seen as substantial policy steps undertaken by the country to curb GHG
emissions [9]. According to South Africa’s Low Emission Development Strategy 2050, the
energy sector contributed 79.5% of the total gross emissions for South Africa in 2015 and
grew by 25% between 2000 and 2015. South Africa, in partnership with its climate change
stakeholders and role players (including NBCMs), continues to strengthen their efforts
of achieving and stabilizing GHG concentrations in the atmosphere, hence reducing their
carbon footprints. The valuable first step towards emission reduction by stakeholders is
quantifying the GHG emissions due to various human and organizational activities [10].

The NBCM is important nationally and globally for tourism and more importantly
Agriculture, Forestry, and Other Land Use (AFOLU) sustainability. The different activities
under tourism management (energy use at accommodations and transport in resident
versus destination country) have also been shown to contribute 8% to global GHG emis-
sions [11]. Although South Africa’s commitment is considered inadequate according to
the Carbon Brief, unlike in other countries wherein the belief systems of leaders have been
shown to be important barriers to progress on the decarbonization of tourism [12], SAN-
Parks leadership supports the global low-carbon transition. The AFOLU sector contributes
to 20–24% of global emissions although most of it is from crop and livestock agriculture [13].
The total net emissions for South Africa between 2000 and 2015 increased by 20.2% when
including AFOLU but it increased to 23.1% when excluded [8,9]. Under AFOLU, conser-
vation management contributes in two ways: either as a carbon emission source or sink
with a lot of focus on its value for C storage rather than a source. According to the AFOLU
report of 2016 [14], it is recommended that in order to understand the GHG emissions and
the stocks of a country, the benchmark National GHG Inventory and National Terrestrial
Carbon Sink Assessment provided were important as the first baseline emissions for the
AFOLU sector in South Africa.

Organizations in the sector must take a prominent role in helping countries to achieve
their commitments towards reducing GHGs. It is thus important for NBCMs to initiate
baseline GHGs inventories if they are non-existent. It is also necessary to understand the
contribution of NBCM at an organizational and individual level to the sector and thus
the country. As a state entity, SANParks will be required to develop such a baseline on
GHG inventory and conduct a carbon footprint assessment. A leader in NBCM must
demonstrate how it would reduce emissions at these multiple levels.
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Carbon footprint assessment has been used in different contexts, for example in
the agriculture sector [15], in the pulp and paper industry [16], in wastewater collection,
transport, and treatment [17], and so forth (energy, tourism, and on a limited basis in the
NBCM). Essentially, there are two approaches or models, namely, the process-based and the
input-output model. The process-based model uses a bottom-up approach that involves
a detailed life-cycle of the product while the input-output approach uses a top-down
approach wherein carbon intensities are assigned at a product category level [11,18,19]. The
process-based life cycle assessments or carbon footprints are generally more representative
of the modeled product system, but they are not necessarily more accurate. The process-
based assessments are well known for their truncation error and are subject to errors of
up to 50% of total impacts. However, the development of hybrid models that combine
input-output and process-based approaches would be better [17,20]. The US National Park
Service (NPS) has developed its own carbon footprint assessment tool for achieving its
Green Parks Plan at a park level and therefore organization level that is inclusive of tourists
and their concessionaires.

This study is the first assessment to be published to our knowledge that considers
a whole network of national parks in a country. This assessment is also important in
the African context since the majority of assessments in protected areas are carried out
in the Northern hemisphere, e.g., US parks and Canada parks [21]. This is a big gap in
knowledge, considering the role that conservation estates play as tourism hubs for entire
countries globally. This study aimed to fill that gap and hopes to galvanize conservation
estates globally. A majority of the national parks show that energy and transport are the
largest contributors often accounting for 82% of park operations’ GHGs [20,22,23]. Another
significant contributor to national parks’ total emissions is waste [23]. At an organizational
level, direct emissions from tourists are not the focus of the current paper, although it is
acknowledged that it is inherent that energy, waste, and water emissions are driven by
tourism occupancy within the park. It was anticipated that similarly to global and in-
country trends from NBCMs, energy, stationary combustion, transport, and waste would
be among the top emission sources for SANParks. However, there will be variability in the
dominance of the different scopes but also of the contributions of individual parks to the
SANParks estate.

This paper focused on reporting the emission sources that SANParks as an NBCM
estate was responsible for. This work thereafter provides proposed mitigation responses
on how to reduce each emission source at an organizational and individual park level.
This paper also charts a way forward on how NBCM entities can tackle GHG emissions.
The objective of the paper was to understand the SANParks C emissions profile at the
organization and individual park level, and therefore its contribution at the national to
international level to the AFOLU sector and to recommend the alternative scenarios that
SANParks could follow to reach carbon neutrality. This study investigated the following
research questions: (1) What were SANParks’ total carbon footprint and the contribution
to the AFOLU sector in South Africa? (2) What was the contribution of Scope 1, 2, and
3 emissions to the total SANParks emissions? (3) What was the contribution of each park
to the total SANParks emission? (4) Was there a variation in the scope of GHG emissions
at park level? Lastly, (5) what has been the response from SANParks to reduce GHG
emissions versus what would be the ideal scenario to reach carbon neutrality by 2050?

2. Materials and Methods

South African National Parks is the body responsible for managing South Africa’s
national parks. SANParks was established in 1926 to develop, manage, and promote
a system of national parks that represents biodiversity and heritage assets by applying
best practice, environmental justice, benefit-sharing, and sustainable use. SANParks
encompasses almost 40,000 km2, over 3% of the total area of South Africa, and most of
the land has been proclaimed since its establishment. The study area, methodology, and
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assumptions to calculate the carbon footprint of SANParks estate and the data analysis
process are presented below.

2.1. Study Area

Currently, SANParks manages 21 parks in four regions: Arid, Frontier, Cape, and
Savanna. The latter is divided into two northern and southern regions for which Kruger
National Park (KNP) represents the entire south. This assessment includes 20 national
parks and 1 regional office (Figure 1). However, the newly proclaimed national park
(Meerkat National Park) was not included in this study. SANParks is amongst the most
visited national park estate in the world. Currently, more than 5 million visitors visit
SANParks annually. Visitation is highest in summer and spring because of the beautiful
weather and for its stunning attractions. The parks are also inhabited by diverse species of
plants and animals. The best-known park is KNP, which is also the oldest (proclaimed in
1898), and the largest, at nearly 20,000 km2. Kruger National Park, Garden Route National
Park (GRNP), and Table Mountain National Park (TMNP) are three of South Africa’s most
visited tourist attractions [24]. Therefore, evaluating and lowering carbon emissions is
important to SANParks because parks are directly threatened by climate change and are
changing the habitats of native flora and fauna.

Sustainability 2021, 13, x FOR PEER REVIEW 5 of 31 
 

 

Figure 1. Map of study area showing 20 South African National Parks including Kimberly corporate office. 

To determine which emission sources need to be included in the carbon footprint 

assessment, a comprehensive analysis of all business activities of SANParks was under-

taken. A consumption analysis method based on the input-output analysis [11] for organ-

izational carbon footprint evaluation was followed. These included the following key 

steps: (1) a selection of the identified emission sources for inclusion was subsequently 

made based on the principle of completeness and relevance as per the guiding GHG re-

porting principles; (2) collating consumption data for all of the emission sources within 

the established boundary; and (3) for each emission source, the appropriate activity data 

were sourced (Table A1) and placed in a format where calculations could be performed. 

As there is no central data repository within the organization that is inclusive of all the 

data required, activity data were sourced from various business units within the parks 

and external service providers. Table 1 shows the organizational boundaries for the dif-

ferent emission datasets, activity data collected from all major GHG emissions sources, a 

detailed explanation on how the data were sourced, and the assumptions noted for the 

SANParks carbon footprint. SANParks vehicles refers to vehicles that are owned by the 

organization. Staff vehicles refer to staff’s personal vehicles used to attend business-re-

lated meetings, workshops, and conducting fieldwork, and car rental refers to cars rented 

by officials for work purpose. Vehicles were calculated as per the model of the vehicles 

and distance (km). The distance was calculated from each vehicle’s odometer. To estimate 

emissions related to stationary fuel combustion, the number of liters and type of fuel com-

busted was processed from receipts and reports provided by specific park management. 

However, a formula was derived for the parks with incomplete data using data from 

SANParks financial detail transactions to the estimated total fuel liters used. Energy usage 

Figure 1. Map of study area showing 20 South African National Parks including Kimberly corporate office.

2.2. Methodology and Assumptions

SANParks’ carbon footprint analysis estimated the total GHG emissions caused di-
rectly and indirectly by the organization over a period of 5 years (2015–2019). The as-
sessment was done for 20 national parks and Kimberly corporate office (Figure 1). The
total GHG emissions were calculated annually (over a period of 12 months) following
the GHG Protocol Corporate Accounting and Reporting Standard methodology [25,26].
The assessment measured the GHG emissions from the activities across the organization,
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including energy used in buildings, operational processes, and company vehicles. The
GHG Protocol is recognized as the most widely used international accounting tool for gov-
ernment including many in the conservation sector to understand, quantify, and manage
GHG emissions. It is widely accepted as standard practice in GHG assessments. It covers
the accounting and reporting of the six GHGs covered by the Kyoto Protocol which are
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulphur hexafluoride (SF6) [27,28]. Following this GHG
protocol, all emissions coming from organizational activities and operations were divided
into three scopes. Scope 1 included all emissions from sources owned or controlled by
the reporting company. Scope 2 included emissions associated with the consumption of
purchased electricity that is not owned or controlled by the reporting company. Scope 3
included all indirect emissions that are a consequence of activities of a company but occur
at sources owned or controlled by another company. The GHG protocol requires that all
direct emissions be accounted for and reported under Scope 1.

To determine which emission sources need to be included in the carbon footprint as-
sessment, a comprehensive analysis of all business activities of SANParks was undertaken.
A consumption analysis method based on the input-output analysis [11] for organizational
carbon footprint evaluation was followed. These included the following key steps: (1) a
selection of the identified emission sources for inclusion was subsequently made based
on the principle of completeness and relevance as per the guiding GHG reporting princi-
ples; (2) collating consumption data for all of the emission sources within the established
boundary; and (3) for each emission source, the appropriate activity data were sourced
(Table A1) and placed in a format where calculations could be performed. As there is no
central data repository within the organization that is inclusive of all the data required, ac-
tivity data were sourced from various business units within the parks and external service
providers. Table 1 shows the organizational boundaries for the different emission datasets,
activity data collected from all major GHG emissions sources, a detailed explanation on
how the data were sourced, and the assumptions noted for the SANParks carbon footprint.
SANParks vehicles refers to vehicles that are owned by the organization. Staff vehicles
refer to staff’s personal vehicles used to attend business-related meetings, workshops, and
conducting fieldwork, and car rental refers to cars rented by officials for work purpose. Ve-
hicles were calculated as per the model of the vehicles and distance (km). The distance was
calculated from each vehicle’s odometer. To estimate emissions related to stationary fuel
combustion, the number of liters and type of fuel combusted was processed from receipts
and reports provided by specific park management. However, a formula was derived for
the parks with incomplete data using data from SANParks financial detail transactions
to the estimated total fuel liters used. Energy usage was recorded from electricity bills.
However, the study used an annual average for outstanding months. Air travel refers to
both officials’ domestic and international trips which were paid for by the organization and
therefore all sponsored flights were excluded. The distance was calculated from routing
details of all international and domestic. Water usage and waste generated were recorded
from the municipal bills; however, a formula was derived to calculate water consumption
for parks that depend on groundwater supply and to calculate waste per park every month
in relation to the total number of guests.

In order to calculate the GHG emissions inventory, activity data were collected from all
major GHG emissions sources mentioned in Table 1 over a period of five years (2015–2019)
(Tables 1 and A1). The study calculated emissions in kilograms of carbon dioxide equivalent
by multiplying the activity data with the conversion factors obtained from the Department
on Environment, Food, and Rural Affairs (Equation (1)) [28]. Accounting for carbon
footprint based on GHG activity data multiplied by GHG emission factors is recommended
(Table A2) and widely used [26,27], see the formula below.

GHG emissions (CO2e) = Activity Data × Emission Factor (kgCO2e) (1)
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Table 1. Activity data and data providers for each emission source reported on.

Scope Emission Sources Activity Data Data Collection and Status Evaluation Formula Applied

Scope 1: Direct emissions SANParks vehicles Km and vehicle details

Vehicles were grouped in three groups according to car
model (≤1.7 L, > 2-L petrol, and ≤1.7 liters, >2 L diesel)
and distance (km) traveled were calculated as per the
model of the vehicles. The distance was calculated from
each vehicle’s odometer.

Fuel Liters and fuel type
Data recorded from receipt. However, a formula was
derived from the estimated total fuel liters used for BNP,
GNP, MNPWHS, Marakele, and TMNP.

Liters = Amount (Rand)/
Price per liter

Scope 2: Indirect emissions Electricity KwH used
Data captured from electricity bills. For the few months
where data were not provided, the study used the average
of that specific financial year.

Scope 3: Indirect emissions Air travel Routing details The distance was calculated from the routing details of all
flights (both international and local).

Car rental Km and vehicle details
Vehicles were grouped into four groups according to the
descriptions and details of the specific vehicle (≤1.7 and
>2 L petrol and diesel).

Staff vehicle Km and vehicle details Vehicles were grouped as <1.7, ≤1.7 L and > 2-L petrol
vehicles and <1.7, ≤1.7 L, and > 2-L diesel vehicles.

Solid waste Tons Some formulas were derived to calculate waste per park
every month in relation to the total number of guests.

Y = mx + c
Therefore: x = (y − c)/m

Water Kiloliters

Derived formula to calculate water consumption for parks
that depend on groundwater supply where 17 is the
number of liters that water pump can push per minute, T
is time in minutes that water pump run per day, and t is
the total number of tanks

Water usage = (17) × (T) × (t)
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2.3. Energy Scenarios Towards Achieving Neutrality

This study referred to the scenarios from South African National Parks carbon foot-
print and future energy reduction scenarios report [29] to envisage and recommend the
best scenario that SANParks could follow to achieve zero energy emissions. Scenarios
provided a comprehensive and strategic framework that enables big-picture thinking [29].
The report presented five energy scenarios, namely: Lion, Orb-web Spider, Leopard Toad,
Dolphin, and Peregrine Falcon until 2050 in all national parks, with comparative analysis
(Figure 2). The first scenario (the Lion scenario) compared to the current baseline rate
of increase for electricity in SANParks at ±1% year-on-year over 5 years. A Male Lion
scenario represented SANParks’ future trajectory, where they continue with business as
usual. This shows that SANParks emissions will continue to increase correspondingly to
global emissions. Similarly, the Department of Energy (DoE) predicted that the reliance of
Eskom on coal will remain at 80% by 2050.
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The second scenario is called the Banded-legged Golden Orb Spider (Orb-web Spider).
For this scenario, there is a ±1% year-on-year energy reduction from SANParks business
as usual rate. This scenario represents a reduction at SANParks’ 5-year baseline rate. It
explains minimal interventions in terms of energy optimization and adding renewable
energy systems sporadically within SANParks while slowly shifting reliance on Eskom
coal-based energy from 80% to 65% by 2050. Thirdly, the Western Leopard Toad (Leopard
Toad) scenario involves a 2% year-on-year decline in energy committed by SANParks in the
Strategic Implementation Plan of 2016 until 2019. SANParks’ commitment is also similar
to the Integrated Resource Plan (IRP) 5 Scenario of DoE when not following the Peak
Plateau Decline (PPD) approach used by South Africa, and therefore reliance of Eskom
on coal is reduced from 65% to 40% by 2050. The Dolphin scenario represents an 8% year-
on-year reduction from the 5-year average rate. Globally, United Nations Environment
Programme (UNEP) recommends that emissions be reduced at this rate to keep us under
2 degrees Celsius. This is similar to the best-case scenarios when averaging between IRP1
and IRP7 from DoE when not following the PPD approach wherein the reliance on Eskom
coal-based energy is reduced from 40% to 20% by 2050. Almost 70–80% of energy will
come from renewables by 2050 if SANParks follows these 8% year-on-year scenarios and
improves energy optimization drastically. The Peregrine Falcon scenario with a reduction of
emissions by 40% represents the fastest way to get SANParks to carbon neutrality (Figure 2).
These scenarios were designed to push for carbon neutrality in the organization by 2030
and require 10 times more investment on renewable energy infrastructure than the Dolphin
scenario. The study investigated which scenarios were more efficient in energy reduction.

This work recorded the size of the renewable systems within the organization and
estimated the amount of emissions reduced through energy mix operation. The estimated
amount of KW pumped on a daily basis was projected based on the average sunlight
hours in South Africa (10 h per day) and the size of the renewable system [30]. According
to [30], a 1 KW capacity system would generate 1 unit per hour. The size of the renewable
system was multiplied by SA average sunlight hours (10 h) to estimate the amount of
power generated daily.

2.4. Data Analysis

Microsoft Excel was used to calculate organizational and individual park emissions
to estimate scope contributions to SANParks’ total carbon footprint and the percentage
contribution by source and per scope over a period of five years. To work out how
SANParks contribute to the AFOLU sector, the study used total SANParks emissions for
2014/2015 and estimated organizational contribution towards the AFOLU sector for that
specific year obtained from the Department of Fisheries, Forestry, and Environment (DFFE)
GHG inventory report. Similarly, the total national emissions for 2014/2015 were used
to work out the SANParks’ contribution to South Africa’s GHG emissions. These did not
include the difference made up from the carbon storage capacity of the NBCMs estate.

In order to estimate the contribution of each scope to the SANParks emissions, average
emissions from each scope were used to calculate the percentage contribution to the total
SANParks emissions. This work also estimated (1) the contribution of individual park
scopes and individual park contributions to SANParks’ total emissions; (2) calculated
per capita emissions for the estate and individual parks using the number of employees
over the reference period; (3) in order to estimate the park to building size ratio, the total
individual park sizes (hectares) were divided by the total building sizes (hectares) of the
specific park (Equation (2)); and (4) the total park emissions were therefore divided by that
ratio to allow for standardization and comparison of parks against each other (Equation (2)).
This allows for a comparison of the energy emission intensity ratio for each park. This
study also highlighted significant relationships between various variables. This study
used scenario planning to project future energy emission reduction and recommend the
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alternative scenario for SANParks to get to net-zero emissions. Lastly, the study estimated
the size of emissions avoided by installing a renewable system within the organization.

Emission intensity = (Total park emissions/(Total park size/Total building size)) (2)

3. Results

In this section, SANParks’ emissions profile relative to national and SA’s AFOLU sector
is presented. Emission sources, scopes, and individual park contributions are detailed
below. Lastly, scenarios towards achieving carbon neutrality and renewable energy profile
for the individual park are explained.

3.1. SANParks Emission

Over the reference period, SANParks emitted an average of 73,732 tCO2e per year
(Figure 3). This does not include emissions reduction through the installation of solar
panels presented in Table 4. It also does not include the carbon offset generated by having
a large carbon sink which the paper did not cover as the focus was on GHG emissions
rather than C storage. Global emissions increased by 0.6% from 2018–2019 [31]. Over the
2015–2019 period, SANParks’ emissions increased by 0.02% on average. As expected, the
rate of increase for SANParks was less than the global and national rate of increase. In
order to understand SANParks’ contribution to the national and the SA’s AFOLU sector,
this study used the year 2015 value of 68,812 tCO2e compared with the national figure
which amounted to 531 million tCO2e and for the AFOLU sector was 49.5 million tCO2e.
SANParks’ contribution equates to 0.01% to total national emissions and 0.14% for the
AFOLU sector. The results illustrate that electricity usage contributed a total of 40,681 t of
CO2e, followed by fuel combustion which contributed 26,088 t of CO2e, and solid waste
contributing 2937 tCO2e to the total SANParks carbon footprint (Figure 3).

On an annual basis, total emissions ranged between 68,487 tCO2e in 2014/2015 and
75,903 tCO2e in 2017/2018, the latter was higher than 2018/2019 (Table 2). The highest
rate of increase in emissions occurred between 2014/2015 and 2015/2016 by 7%, while the
smallest increase occurred between 2016/2017 and 2017/2018 by 0.9%. A decline of 0.4%
occurred between 2017/2018 and 2018/2019. The average increase rate over the five-year
period was 2.5%, however from 2016/2017 after SANParks committed to reducing energy
emissions, there was an overall decline of 1.4% annually.

3.2. Contribution of Scope Emissions to Total SANParks and Individual Park Emissions

A large proportion of GHG emissions was from Scope 2 and 1, in that order. Scope 2
was mainly electricity (40,681 tCO2e), and it accounted for 55% of the total SANParks
carbon footprint (Figure 3; Table 2). For Scope 1, fuel usage accounted for 35.4% of the
total scope emissions (27,391 tCO2e), while SANParks vehicles accounted for 1.8%, thereby
accounting for 37.2% of the total SANParks carbon footprint. Altogether, these two largest
contributing scopes accounted for about 92% of the total SANParks emissions. For the
organization to achieve the greatest reduction impact, these should be the scopes that
the organization targets the most. Scope 3 accounted for the remaining 8% of the total
SANParks emissions, of which waste accounted for 4% followed by staff vehicles at 1.6%
and the remainder was made up of emissions resulting from water, flights, and rental cars.

Scope 1 emissions within each park contributed on average 15% to the total individual
park emissions. However, the highest contribution from Scope 1 to specific park emissions
occurred in Tankwa Karoo National Park (TKNP) (80%) followed by KNP (48%) and
Kalahari Gemsbok National Park (KGNP) (43%). The smallest contributions came from
Groenkloof National Park (GNP) (1.1%), Augrabies Falls National Park (AFNP) (2.6%),
West Coast National Park (WCNP) (2.7%), Golden Gate Highland National Park (GGHNP)
(3.3%), Mokala National Park (MNP) (3.4%), Namaqua National Park (NNP) (4.3%), and
TMNP (5.2%) (Table 3).
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footprint of a human. The foot demonstrates the two main contributors, which are electricity and fuel. The honey badger
footprint clearly demonstrates a share of each source to the entire carbon footprint.

On average across all national parks and offices, Scope 2 contributed 66% to the
per park total emissions. However, the highest contribution from Scope 2 to a specific
park’s emissions occurred in GGHNP (91.3%) followed by MNP (88.9%), AFNP (88.4%),
Karoo National Park (KRNP) (87.3%), Mountain Zebra National Park (MZNP) (87.2%),
Marakele National Park (MRNP) (83.1%), WCNP (81.9%), and GRNP (81.2%). The smallest
contributions came from TKNP (0%) and NNP (33.8%).

In the 20 national parks and Kimberly office, Scope 3 contributed 18.7% on average to
the per park total emissions. However, the highest contribution from Scope 3 to the specific
park emissions occurred in NNP (48.9%) followed by GNP (41.8%), Bontebok National Park
(BNP) (41.3%), and Camdeboo National Park (CNP) (35.8%). The smallest contributions
came from KNP (4.8%), GGHNP (5.4%), KGNP (6.6%), MNP (7.7%), MZNP (8.5%), and
KRNP (8.6%)
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Table 2. Overview of SANParks’ GHG emissions and per capita calculated from the number of employees over the reference period.

Emission Sources
per Scope

2014/2015
(TCO2e)

Per Capita
Using 5310
Employees

2015/2016
(TCO2e)

Per Capita
Using 5410
Employees

2016/2017
(TCO2e)

Per Capita
Using 5534
Employees

2017/2018
(TCO2e)

Per Capita
Using 5750
Employees

2018/2019
(TCO2e)

Per Capita
Using 5755
Employees

Annual
Average

GHG
Emissions
(TCO2e)

over 5 Years

%

Average
Per Capita
Using 5552
Employees

Scope 1: Direct
emissions
SANParks

vehicles 361 0 392 0 432 0 2223 0 3105 1 1303 1.8 0.2

Fuel usage 23,849 4 26,207 5 27,520 5 26,628 5 26,234 5 26,088 35.4 4.7
Total Scope 1

Emissions 24,211 5 26,598 5 27,952 5 28,851 5 29,339 5 27,391 37.2 4.9

Scope 2: Indirect
emissions
Electricity 39,418 7 41,352 8 41,211 7 41,165 7 40,258 7 40,681 55.2 7.3

Total Scope 2
Emissions 39,418 7 41,352 8 41,211 7 41,165 7 40,258 7 40,681 55.2 7.3

Scope 3: Indirect
emissions

Staff vehicle 728 0 1247 0 1322 0 1347 0 1390 0 1207 1.6 0.2
Rental cars 79 0 78 0 74 0 72 0 93 0 80 0.1 0.0

Flights 580 0 695 0 737 0 791 0 866 0 734 1 0.1
Water 739 0 695 0 710 0 682 0 695 0 704 1 0.1
Waste 2732 1 2793 1 3219 1 2995 1 2946 1 2937 4 0.5

Total Scope 3
Emissions 4858 1 5508 1 6063 1 5887 1 5989 1 5662 7.7 1.0

Total emissions
per year 68,487 13 73,459 14 75,226 14 75,903 13 75,586 13 73,732 100 13.3
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Table 3. Total GHG emissions for each park broken down by emission sources and per scope.
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KNP 1,898,857 35 53,911 610 24,692 25,302 92 48 25,301 25,301 62 48 584 16 148 489 1330 2566 45 5 53,169 1
GRNP 115,757 7 16,215 152 152 304 1 7 3308 3308 8 81 90 6 59 39 266 461 8 11 4073 0
TMNP 24,435 3 9029 117 29 146 1 5 2000 2000 5 72 43 8 78 15 488 632 11 23 2778 0
AENP 171,712 3 61,326 65 141 206 1 10 1697 1697 4 80 52 6 54 28 84 224 4 11 2127 0

GGHNP 32,701 3 9935 28 36 64 0 3 1766 1766 4 91 37 1 8 12 46 104 2 5 1935 0
KGNP 957,764 2 440,777 45 751 796 3 43 915 915 2 50 41 1 7 19 54 122 2 7 1833 0
AFNP 7 1 6 11 6 17 0 1 861 861 2 57 129 34 317 3 147 631 11 42 1509 237
AFNP 53,615 1 41,714 7 22 29 0 3 1005 1005 2 88 13 1 8 22 59 103 2 9 1137 0
KRNP 88,314 1 87,465 25 12 36 0 4 767 767 2 87 14 1 11 6 43 75 1 9 878 0
MZNP 28,420 1 46,551 19 10 29 0 4 593 593 1 87 9 0 3 2 42 58 1 8 679 0
MRNP 65,445 1 85,048 30 6 36 0 6 525 525 1 83 42 0 2 2 25 70 1 11 631 0
MNP 83,941 1 86,501 14 7 21 0 3 538 538 1 89 17 0 4 5 20 47 1 8 605 0

WCNP 34,421 1 59,103 10 1 12 0 3 359 359 1 82 6 0 1 1 59 67 1 15 438 0
Kimberley 4580 0 12,339 39 2 41 0 10 255 255 1 64 47 2 19 35 0 103 2 26 400 0
MNPWHS 19,742 2 11,507 33 7 40 0 10 251 251 1 65 38 0 1 4 51 94 2 24 385 0

RNP 217,374 1 359,295 22 55 76 0 23 214 214 1 66 12 0 2 3 18 35 1 11 325 0
TKNP 146,715 0 362,349 10 146 156 1 80 0 0 0 0 8 0 1 6 23 39 1 20 195 0
ANP 21,679 1 27,519 17 3 20 0 11 122 122 0 66 11 0 3 2 26 42 1 23 184 0
CNP 19,003 0 59,532 23 5 28 0 17 79 79 0 48 4 0 4 2 49 59 1 36 166 0
BNP 3480 0 28,289 8 2 10 0 6 84 84 0 53 3 0 2 7 55 66 1 41 160 0
NNP 206,922 1 335,694 18 4 22 0 17 43 43 0 34 6 0 3 1 51 62 1 49 126 0
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3.3. Emissions Per Park

The most contributing park to SANParks’ total emissions was KNP at 53,169 tCO2e
(Figure 4; Figure A1b). This equates to a total contribution of 72% to the total SANParks’
emissions. The relative frequency of individual park emissions suggested that 16 national
parks, including Kimberly office, contributed less than 2000 tCO2e while 4 national parks
accounted for above 2000 tCO2e (Table 3). The latter are responsible for the most emissions
recorded for SANParks, responsible for 84% to SANParks emissions.
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3.4. Contribution of Park Scope Emissions to Total SANParks Scope Emissions

Under Scope 1, the highest contributing individual park towards the total SANParks
Scope 1 emissions was KNP (25,302 tCO2e), which accounted for 92% of the total SANParks
scope 1 emissions. The higher emissions from fuel usage for stationary combustion within
the Scope 1 came from KNP, GRNP, AENP, KGNP, TKNP, and Richtersveld National
Park (RNP); these parks accounted for 99% of total emissions from fuel combustion. For
the remaining source under Scope 1, KNP had the highest emissions from SANParks-
owned vehicles too, 610 tCO2e, followed by GRNP (152 tCO2e) and TMNP (117 tCO2e).
Table Mountain National Park had the most emissions coming from SANParks vehicles
compared to fuel usage under this Scope. The moderate contribution was from both RNP
and GGHNP. The least contributing parks to total Scope 1 emissions of SANParks were
BNP, WCNP, GNP, Agulhas National Park (ANP), MNP, and NNP, accounting for 10, 12,
17, 20, 21, and 22 tCO2e, respectively.

In Scope 2, KNP was the top contributing park accounting for 25,301 tCO2e fol-
lowed by GRNP at 3308 tCO2e, TMNP at 2000 tCO2e, GGHNP (1766 tCO2e), and AENP
(1697 tCO2e). This equates to a contribution of 62%, 8%, 5%, 4%, and 4%, respectively.
Together, these parks were responsible for 34,072 tCO2e, which translated to 83% of the
total SANParks Scope 2 emissions (40,681 tCO2e). The moderately contributing parks were
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AFNP (1005 tCO2e), KGNP (915 tCO2e), GNP (861 tCO2e) and KRNP (767 tCO2e). The least
contributing parks were TKNP, NNP, and Camdeboo National Park (CNP), responsible for
0, 43, and 79 tCO2e, respectively (Figure A1a).

In Scope 3, KNP was the top contributing park towards the total Scope 3 emissions
for SANParks and accounted for 2566 tCO2e followed by TMNP at 632 tCO2e, GNP at
631 tCO2e, and GRNP (461 tCO2e). This equates to a contribution of 45.3%, 11.2%, 11.1%,
and 8.1%, respective to the total SANParks Scope 3 emissions. Together, these parks
were responsible for 4290 of 5661 tCO2e, which translated to 75.8% of the total SANParks
Scope 3 emissions. The moderately contributing parks were AENP (224 tCO2e), KGNP
(122 tCO2e), GGHNP (104 tCO2e), Kimberly office (103 tCO2e), Addo Elephant National
Park (AFNP) (103 tCO2e), and Mapungubwe National Park and World Heritage Site
(MNPWHS) (94 tCO2e). The least contributing parks were WCNP, TKNP, ANP, MNP, and
MZNP, responsible for 0.6, 0.7, 0.7, 0.8, and 1 tCO2e, respectively.

Groenkloof National Parks had high emissions intensity followed by KNP, TMNP,
and GRNP, representing 237, 0.99, 0.31, and 0.24 tCO2e/ha, respectively (Figure 4). The
least contributing parks in terms of emissions intensity were NNP, RNP, and TKNP. Groen-
kloof National Park had the lowest per capita, followed by NNP, MNPWHS, and CNP,
which accounted for 1.4, 4.3, 4.5, and 4.7 tCO2e/ employee, respectively (Figure 5). The
highest emissions per capita came from AFNP, KNP, and KRNP, accounting for 24, 21, and
16 tCO2e/employee, respectively.
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3.5. Relationships between Total SANparks’emissions, Park Size, Built Size, Labor, Scope 1, Scope
2, and Scope 3

The results showed no significant relationship between total SANParks’ emissions
and total park sizes; however, there was a significant relationship between total SANParks’
emissions and park size, building size, labor, Scope 1, Scope 2, and Scope 3. Similarly,
there was no significant relationship between park size and building size, number of
employees, Scope 2, and Scope 3, yet, there was a significant relationship between park
size and Scope 1. The analysis showed a relationship between building size and number of
employees, Scope 2, and Scope 3, however, there was no significant relationship between
building size and Scope 1. There was no significant relationship between number of
employees and Scope 1, however, the results showed a significant relationship between
number of employees and Scope 2 as well as Scope 3. There was no significant relationship
between Scope 1 and the other Scopes. Finally, the results showed a significant relationship
between Scope 2 and Scope 3 (Figure 6).
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3.6. SANParks Electricity Emissions under Current and Future Scenario

The results for electricity emissions reduction under current and future scenarios show
that all scenarios remain almost similar in 2025 except for the Dolphin and especially under
the Peregrine Falcon scenario (Figure 7). For example, the total emissions for SANParks
will move from the current value of 40,681 tCO2e to 43,044 tCO2e under the Lion scenario,
while for the Orb-web Spider scenario it will decline to 38,429 tCO2e, whereas the Leopard
Toad scenario will decline to 35,316 tCO2e. The greatest decline is from the Peregrine
Falcon scenario at 506 tCO2e followed by the Dolphin scenario at 22,350 tCO2e. The former
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shows the most significant decline in emissions by 2025 and neutrality is almost achieved
by 2030 with emissions equaling only 39 tCO2e.
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Figure 7. SANParks’ electricity emissions under current and future scenarios. The Lion represents 1% increase, Orb-web
spider represents a 1% decline, Leopard toad shows a 2% decline, Dolphin shows an 8% decline, and Peregrine Falcon
represents a 40% decline.

The Lion scenario shows a steady but sharp increase by 2050 under the current trajec-
tory of emissions from 43,044 to 44,816 tCO2e by 2030 and ultimately reaching 52,663 tCO2e
in 2050. The Orb-web Spider shows a slightly bigger margin of decline at 36,898 tCO2e
compared to the Lion scenario at 44,816 tCO2e in 2030; however, it was slightly higher in
emission when compared with the Leopard Toad scenario with its value of 31,923 tCO2e.
The Dolphin scenario cut emissions by more than half from 2025 levels to 14,571 tCO2e in
2030 and therefore appears to be way better than former scenarios in 2030.

SANParks’ commitment of 2% year-on-year does not achieve neutrality under the
Leopard Toad scenario by 2050 despite reducing emissions from 35,316 in 2025 to 21,312 tCO2e,
while the Dolphin remains the most efficient reducing emissions from 14,571 in 2030 to
2632 tCO2e by 2050. The Peregrine Falcon scenario achieves neutrality as early as in the
vicinity of 2030. This work evaluated cost-saving under the different scenarios below to
check the value for money of each scenario.

3.7. Renewable Energy Profile over the 5 Years of Study

Table 4 shows the renewable energy that SANParks invested in during the period of
this assessment (2015–2019). Kruger National Park had the largest share of renewables
followed by AENP, CNP, and TKNP. However, other parks had installed solar plants prior
to the assessment and others in the 2020 financial year, hence they are not included in
Table 4. Tankwa Karoo National Park (Figure 8), MNP, and KNP as well as a few other
parks had most solar panels installed in the 2020 financial year.

The estimated plant size for all of SANParks from the listed parks in Table 4 is 2577 KW;
through the projection, 15,462 kWh is pumped daily. This equates to an estimated 15 t
CO2e offset per day. This may suggest that overall, SANParks currently avoids 5475 tCO2e
through its renewable-based (Table A3), of which 4380 tCO2e belongs to KNP. For KNP,
this total savings on emissions consisted of 2102 tCO2e that was offset from electricity and
the remaining 2222 tCO2e was from fuel. Energy consumption has been fluctuating over
the 5 year time period with a massive decline in the last year (Table A3).
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Table 4. A summary of solar panels installed in the last five years.

National Park (S) Plant Size
(KW)

% Share of
Solar Panels per Park

AENP 268 10.428
ANP 2.6 0.101

AFNP 10 0.097
CNP 160 6.226

KRNP 0.15 0.006
KNP 2063 80.272

MNPWHS 0.33 0.013
MRNP 1.7 0.066
NNP 24 0.934
RNP 0.48 0.019

TKNP 47 1.829
GRNP 0.1 0.004

2577.36 100
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Figure 8. Example of a solar renewable system used in (a) TKNP Waaikop staff village and (b) TKNP’s
Elandsberg rest camp with solar panels installed on the roof. Battery and inventors installed and
stored in a closet attached to the building on (c,d).

4. Discussion

Nature-based conservation management estates like many other protected areas have
to play a role in supporting national GHG emissions reduction [20] because they have
been shown to be significant sources of C emissions [32]. Although [32] focused on forest
losses in the protected areas in tropical countries compared to measuring operational
footprint as done in this paper and others [20,29,33], it was demonstrated that managing
NBCM estates may lead to emissions. As recommended by the Intergovernmental Panel
on Climate Change (IPCC), accounting for one’s emissions should be the first step towards
understanding how one would contribute to organizational, national, and international
commitments [34]. The NBCM estates play a critical role in national carbon sinks that
helps offset the GHG emissions [35]. Hence, understanding the carbon footprint has been
recognized as the priority first step. This paper aimed to demonstrate the total SANParks C
emissions profile at the organization and individual park level using the GHG protocol for
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corporate accounting and reporting standard methodology. In addition, it aimed to show
how national parks’ GHG emissions contribute to organizational, sectoral, and national
GHG profile using SANParks estate as a case study [33]. This work thereafter compared
park level emission profiles and suggested alternative ways in which emissions may be
reduced at the organizational and park level with evidence from many parts of the world.
The paper was able to demonstrate different energy reduction pathways using energy
scenarios and suggested the best-case scenarios for SANParks to achieve carbon neutrality
by 2050. Lastly, the paper presented the emissions avoided by the installation of the
renewable system within the organization. This study therefore shows that the approach
has applicability to be scaled up from the park to national and thereafter global level for
NBCM estates to increase transparency internationally.

4.1. SANParks’ Total Carbon Footprint and Contribution to the AFOLU Sector in South Africa

Accounting for NBCM estates’ GHG emissions has been gathering momentum over
the last decade across the world. While many countries had reported their emission
profile across the different sectors, the contribution of NBCMs in the AFOLU sector and
nationally is often not mentioned. The findings showed that SANParks as an NBCM estate
contributed on average 73,732 tCO2e annually over the assessment period. On average,
SANParks contribute 0.01% towards the country’s total emissions, which is dominated by
the energy and transport sector. The latter two are the main Scope 1 and Scope 2 sources
for many countries and often infiltrate other sectors including the AFOLU. However, the
largest emissions from SANParks came from energy-related sources that were purchased
electricity under Scope 2 and fuel usage for stationary combustion under Scope 1. A similar
phenomenon was observed in the Australian National Park [35]. For Canada, the US,
Taiwan, and Australian and European parks, transport was shown to be very high in
emissions. This was because most of the published assessments focused on tourism rather
than only the operational/organizational [23,36–40]. While it is acknowledged that the
tourism focus was important, this work focused on the emissions contributed by managing
SANParks estate, hence the study excluded tourist emissions. When the focus was only on
park operations, the trend for most parks observed in this paper was similar to many of
the US parks [20].

South Africa contributes over 1% to the global emissions profile [14]. Being part of
the SA’s AFOLU sector, SANParks contributed 0.14% to 7% of the total sector emissions in
South Africa. However, these contributions are expected to be lower when accurate carbon
sink data become available to offset emissions. It is recommended that an assessment of
all the national parks globally be completed to understand the role that NBCM plays in
GHG emissions in the AFOLU sector. Other studies using a different methodology (remote
sensing) show that land-use changes such as those driven by fire had a major effect on
GHG emissions of the NBCM sector [32]. For example, fires in Australia and Brazil resulted
in a massive increase in emissions for those countries [40]. It would be expected that KNP,
GRNP, TMNP, and other fire-prone parks would experience a similar trajectory and should
also be accounted for in the near future.

In this assessment, the analysis has demonstrated the emissions profile of SANParks
and its 20 national parks including the Kimberly office according to the GHG Protocol. This
work herein presents how SANParks reduced the emissions over the assessment period
and plan to do so in the future.

4.2. The Contribution of Each Scope to the Total SANParks Emissions

The results illustrate that Scope 1 and 2 emissions for SANParks accounted for 92% of
its total emissions. This profile was similar to Kakadu National Park, Mt. Rainier National
Park [36], and other nature-based conservation management wherein energy under Scope 2
and stationary combustion under Scope 1 were the top contributors. Similarly, Acadia
National Park’s carbon footprint report of 2019 in the US presented that their highest
emissions resulted from Scope 1 and Scope 2 emissions [20]. For Scope 3, waste was the
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main emission source at 4% contribution to the total SANParks emission and is similar
to the national environmental sector emissions [14]. In many NBCMs, mobility-related
emissions were always second to energy contribution. When grouping all the transport-
related emission sources from the different scopes, transport emissions surpassed waste
emissions. When looking further at the emissions from SANParks, according to the results,
electricity consumption is the largest contributor to SANParks’ GHG emissions. It accounts
for 55% of SANParks’ overall GHG emissions. This is consistent with other studies where
electricity consumption was shown to be the top contributor to organizational carbon
footprint [20]. Organizations are expected at a minimum to reduce Scope 1 and 2 by 35%
and 23% from Scope 3 in the year 2025 [22,41,42]. This 35% reduction by 2025 equates to
a reduction of 23,825 tCO2e from the total Scope 1 and 2 emissions (68,072 tCO2e) and a
reduction of 1302 tCO2e from Scope 3 (5661 tCO2e).

South African National Parks is a state-owned parastatal under the South African
Department of Fisheries, Forestry, and Environment. The per capita emissions for energy in
SANParks estate is similar to the Department of Fisheries, Forestry, and Environment [4,14]
emissions of 7.33 tCO2e between 2010 and 2013. Overall, SANParks per capita for
Scopes 1 and 3 is comparatively lower than the DFFE emission (8.72 and 3.61 tCO2e) dur-
ing the period mentioned here. However, major interventions have been completed by
the DFFE and may have arrested much of the emissions in the different scopes, especially
priority Scope 1 and 2 according to GHG protocol recommendations. To curb Scope 1 and 2
emissions, SANParks should invest more in transforming from coal-based electricity and
fuel combustion for energy generation to renewable energy sources such as installing
solar panels in all park facilities especially in rest- and tented-camps. However, KNP
have shown a decline in energy-related emissions due to reduction measures implemented
by the park, including the introduction of renewable energy and replacing old energy-
intensive appliances with greener technologies. These carbon footprint results were used
when developing a draft SANParks Green Energy Strategy which combines reducing
dependence of fossil fuels and increasing renewable sources, for example, the combination
of energy efficiency and renewable energy.

4.3. The Contribution of Each Park to the Total SANParks Emissions

This paper demonstrated that a holistic picture of C emissions across individual parks
was important to be able to target or speed up interventions for the most emitting parks or
sources for efficient emission reduction at the organizational level. From the individual
parks, KNP was shown to be the top contributing park followed by GRNP, TMNP, AENP,
GGHNP, and KGNP. Relative to the other national park estates, some individual park
emissions might be higher. For example, according to the US National Park Service
(NPS), on average, a climate-friendly park should emit 935 tCO2e yearly from its park
operations despite the range in size and tourism numbers [20,22]. On average, 13 of the
21 national parks were below that number. However, the parks that contributed the most
emissions were above that number. Across SANParks’ estate, following the process used
by NPS to define a climate-friendly park, with an outlier (KNP) retained, on average, a
climate-friendly park would equate to 1028 tCO2e. KNP, GRNP, TMNP, AENP, GGHNP,
AFNP, GNP, and KGNP were above that number. The results confirmed that these parks
contributed 76% to the total SANParks emissions and therefore should be targeted for
mass reduction of the organization. The NPS seems to have a similar system in place, all
these should be recorded online to aid in understanding the contribution of NBCM within
the AFOLU sectors in most countries. However, for transparency, NBCM estates should
implement a tracking system of GHG at a park and organizational level to be available for
reporting in the global network of protected areas.

This work also demonstrated that different parks varied in emission intensity and
per capita. About 40% of the parks accounted for high emission intensity. For those parks,
emission intensity per hectare of the park to building size ratio was high. The outlier
was GNP which had the least amount of land and is mostly occupied by staff buildings
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and parking areas. The office park also has the highest number of employees per hectare.
Although KNP had the largest amount of land, the emission intensity remained high due
to a large amount of infrastructure throughout the park. Kruger National Park, TMNP, and
GRNP had the most total emissions, high emission intensity, and high emissions per capita.

Six parks (29%) were at a national per capita rate for 2019 (ranged between 7.5 and
10 tCO2e per person) [43], while 5 parks (28%) were below that rate and 8 parks were
between 11 and 15 tCO2e per employee. Three parks with the highest per capita included
AFNP (24 tCO2e per employee), KNP (21 tCO2e per employee), and KRNP (16 tCO2e per
employee). The Global Carbon Project showed that there can be large differences in per
capita emissions, even between countries with similar standards of living. This paper
supported this view to be true in terms of variations on tons of CO2 per capita recorded,
wherein someparks had more tons of CO2 per capita than others. In addition some of the
remote parks with low staff numbers could be higher than a park with more number of
people and infrastructure. It is thus important to reduce both emission intensity and per
capita targeted based on park-specific findings. Improving emissions reduction efficiency
and optimization especially for energy, waste, and water will go a long way at the park
level and ultimately at the NBCM estate level.

4.4. Relationships between Various Variables

According to the results, total SANParks emission showed a highly significant rela-
tionships with Scope 2, followed by number of employees and building size, in that order.
The focus on Scope 2 is therefore warranted in energy emissions, especially since it is linked
to building size and number of employees. This implies that the greater the number of
employees and infrastructure, the higher the energy emissions and contribution towards
the total SANParks’ emissions. It is thus critical despite higher infrastructure and number
of employees that reduction measures are put in place. However, the size of the park was
deemed not an important contributor towards the total SANParks emissions. For example,
GNP is the smallest park in size, yet, its emissions were higher than some of the parks that
are bigger in size as compared to GNP. This meant that the larger and more infrastructure,
the more the total SANParks’ emission instead of park size. This might be a novel finding
for NBCMs although evidence exists for the building sector. According to the UNEP report
on Buildings and Construction, buildings remain a major area that lacks specific mitigation
policies, despite its importance to global CO2 emissions [44]. The report highlighted that
direct building CO2 emissions need to be halved by 2030 to get on track for net zero carbon
building stock by 2050.

For Scope 1 and 3, although they had a significant relationship to the total SANParks
emissions, the contribution was minimal compared to the other three mentioned above.
A relationship between total SANParks emissions and Scope 1 could be associated with
more driving within and outside the parks and the fact that majority of bigger parks have
more remote camps that use generators for energy. However, in most of the parks the
variation in waste, water, and staff-associated travel did not contribute significantly to the
total SANParks emissions.

A relationship between park size and Scope 1 emissions relates to more driving of
SANParks vehicles within the parks (from camps to camps), and long distances are traveled
for enforcement and protection of the biodiversity. In addition, this relationship may also
be due to more stationary fuel combustion used either primarily or alternatively in the
camps for energy generation especially in larger parks.

4.5. Future Energy Reduction

The business as usual Lion scenario showed an increase of 29% in energy by 2050.
These track the business as usual projections for South Africa and the globe [45]. A future
with more effects from climate change on biodiversity and poor people living near protected
areas will be envisaged. This is a future that NBCMs may not survive under. The Orb-web
Spider, Leopard Toad, Dolphin, and Peregrine Falcon energy scenarios showed a decline of
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23%, 48%, 94%, and close to 100%, respectively. The analysis shows that the Orb-web Spider
scenario with between 80% to 60% dependence on purchased ESKOM coal-based electricity
will not get NBCMs to carbon neutrality. For other parks globally, continuing business as
usual and tracking the national and global future trajectories is not recommended. The
Leopard Toad scenario will improve the energy profile within the organization by reducing
almost 50% coal-based energy dependence, which although decent, remains insufficient
for a net-zero future. This highlights the fact that scenario planning for NBCMs should be
in line with national future energy emission reduction trajectories and best-case scenario
roadmaps. This is because most NBCMs depend on the national energy grid suppliers. In
the national content of SANParks, their commitment seems to follow the moderate future
energy scenario of the national DoE [46]. The Dolphin and Peregrine Falcon scenarios are
seen to be more efficient on CO2 emission reduction for energy. This study recommended
that national parks belonging to SANParks with high energy emissions (including KNP,
GRNP, TMNP, GGHNP, and AENP) should follow the Dolphin scenario which is similar to
the best-case scenarios for the DoE. This work suggested that the parks with moderate to
lower emissions may follow the Leopard Toad scenario. The NBCMs may use this multi-
pronged approach targeting individual parks with varied contributions towards the whole
estate. The carbon footprint and future energy reduction scenarios should be supported by
energy optimization, monitoring, and evaluation that links the whole energy mix of the
NBCMs. Although not presented here, the best-case scenarios from the SANParks estate
demonstrate great financial savings in the long-term if tracking the proposed Dolphin
scenario while the Lion scenario (BAU) shows a substantial increase in financial costs by
2050 [29]. The current SANParks commitment (Leopard Toad scenario) does not get the
organization to be carbon neutral and yields moderate savings in costs by 2050.

4.6. Measures to Reduce Emissions from Park to Organizational Level

SANParks must continue to reduce the amount of GHG emissions that come from
electricity by shifting towards renewable energy sources. This may be done by transforming
from purchased electricity to renewable energy sources such as installing solar panels in
all park facilities, especially in rest and tented camps. Solar energy as a supplement to
purchased electricity in park facilities is an advantageous strategy to reduce 55% energy-
related GHG emissions for SANParks. For SANParks to achieve its target of reducing 2%
year-on-year on energy emissions, this switch should be a priority. The renewable energy
portfolio must continue growing as evidenced in this paper, especially for the parks with
the biggest emissions under Scope 1 and 2. Kruger National Park has done reasonably
well in reducing the emissions; however, similar to other parks, the switch from coal-based
Eskom electricity remains low. The observed pattern in renewable energy switches has
been from energy generated by the use of diesel generators in remote areas. When looking
at the 2019 Integrated Resources Plan of the Department of Energy in South Africa, the
current commitment shows a dependence of 80% coal-based energy which still remains
very high.

While the increase in the number of visitors may lead to an increase in GHG emissions
related to electricity consumption, in KNP, positives have been observed despite the
increase in occupancy over the last few years. According to [47], energy consumption went
down due to measures implemented by the park including the introduction of renewable
energy and replacing old energy-intensive appliances with greener technologies. The
report in [46] showed that there was a 4% year-on-year decline in electricity emissions from
KNP especially for the 2017/2018 and 2018/2019 financial years. It was assumed that a
decline might be related to the implementation of the solar system in Skukuza, Lower Sabie,
and Crocodile Bridge gate. This shows support for transitioning because it was more than
the 2% year-on-year commitment by the park in the SANParks Strategic Implementation
Plan of 2016/17 until 2020. In the report published by the authors of this paper in 2020,
an 8% year-on-year reduction was proposed to achieve energy net emissions by 2050. A
more efficient data collection online system was also proposed to enable managers at the
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organizational and national levels to track progress in GHGs reduction promptly. The
analysis showed that parks that moved from monthly billed electricity to pre-paid meters
were successful in reducing their energy consumption.

For Scope 1 emissions to be adequately reduced, the current program implemented
across the NBCM estates to curb traveling kilometers by staff and more importantly
transforming from diesel generators to renewable energy as evidenced in KNP and TKNP
will suffice. An emission reduction profile at the park level was also valuable towards
contributing to the SANParks reduction profile over the next 20 to 30 years. When used
efficiently (cameras off), the introduction of online meetings via Zoom, Teams, Google
Meet, and Skype could potentially reduce travel between the parks which may reduce
emissions related to travel and save lives in a post-COVID-19 world [29,48]. Additionally,
the use of technology like drones for law enforcement and monitoring for research could
also curb the emissions under this scope in NBCM estates in the near future.

Scope 3 emissions reduction, specifically reducing waste, would entail a life-cycle
assessment to enact a reduce, re-use, and recycle approach across the parks challenged
by large volumes of waste. Biogas energy production for waste, although difficult to
implement near national parks due to environmental legislation, could also be an option
for these parks, thereby creating jobs for communities closest to the parks. Lessons learned
from successful programs of waste reduction implementation in other cities and countries
might add value.

Lastly, science-based targets have been proposed for other sectors (i.e., Building),
with the biodiversity sector in the development phase. Pledging under this international
initiative and others nationally should keep NBCMs improving their GHGs emissions
reduction profile under all three Scopes. Having all these systems set up in an online
platform will encourage more NBCM estates globally to contribute towards national and
global emission reduction targets.

5. Conclusions

The paper clearly showed the role that NBCMs estates could play in accounting for
national to international GHGs emission profile and reduction targets using SANParks
estate as a case study. This paper was able to estimate the SANParks C emissions profile
at the organization and individual park level, and therefore its contribution at national to
international level, as well as to the AFOLU sector. Developing GHGs emission profiles
in terms of Scopes and sources was shown to be valuable at the individual park level
to organizational and remains an essential avenue towards reducing GHGs in NBCMs.
Emissions varied across the different parks in terms of the actual total emissions, emission
intensity, and emissions per capita. Promoting green and smart building management will
be essential across the entire NBCMs estate based on the strong relationship shown between
total SANParks emissions with building size and associated Scope 2 emissions. The
study highlighted a need for a whole estate review that helps with prioritizing emissions
reduction and interventions at that organizational strategic level. It showed that directing
funding into interventions that yield minimum returns in terms of emission reduction can
be avoided by painting a holistic picture of the entire NBCMs estate. For example, it enables
choosing an appropriate future emissions reduction scenario per park. Targeting parks that
tick all boxes in terms of the latter would enable the NBCM estate to focus on reducing
their carbon footprint. The paper also demonstrated that purchased electricity, stationary
combustion, and waste are responsible for the most emissions. Alternative strategies
suggested in the literature to reduce emissions highlighted in this study include a shift
from predominantly fossil fuel to renewable energy, energy efficiency and optimization,
and technological advancements supported by transparent tracking of emission in all
Scopes and sources. This study suggests that this approach may be promoted in NBCMs
estates across the globe. Finally, the carbon footprint assessment of SANParks has been
shown to be similar to other NBCMs despite slight variation compared to the very limited
academic literature on the topic in NBCMs. More research and online platforms to enable a



Sustainability 2021, 13, 13969 23 of 29

global effort to demonstrate the contribution of NBCMs in the reduction of GHGs emissions
globally is advocated.

Using international standards and methodologies to track whether individual con-
tribution by NBCM estates would lead to a 2 degree or 1.5 degree world in the future
will be essential as demonstrated by the SBTs targets. Scenario planning using national
and organizational derived future energy system trajectories was a fruitful exercise for
NBCMs emission reduction. Based on the results of this assessment at the organization and
individual park level, it can be concluded that SANParks should consider an ambitious
target of 8% year-on-year reduction to achieve carbon neutrality by 2050 and also the
1.5 degree future based on its emissions profile.
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Nomenclature
AENP Addo Elephant National Park
AFNP Augrabies Falls National Park
AFOLU Agriculture Forestry and Other land Use
ANP Agulhas National Park
BAU Business as usual
BNP Bontebok National Park
C Carbon
CH4 Methane
CNP Camdeboo National Park
CO2 Carbon dioxide
DFFE Department of Forestry, Fisheries, and Environment
DoE Department of Energy
GGHNP Golden Gate Highlands National Park
GHGs Greenhouse gases
GNP Groenkloof National Park
GRNP Garden Route National Park
HFCs Hydrofluorocarbons
INDC Intended Nationally Determined Contribution
IPCC Intergovernmental Panel on Climate Change
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IRP Integrated Resource Plan
kgCO2e Kilogram of carbon dioxide equivalent
KGNP Kalahari Gemsbok National Park
KNP Kruger National Park
KRNP Karoo National Park
LEDS Low Emission Development Strategy
MNP Mokala National Park
MNPWHS Mapungubwe National Park and World Heritage Site
MRNP Marakele National Park
MZNP Mountain Zebra National Park
N2O Nitrous oxide
NBCMs Nature-based conservation management
NCCRWP National Climate Change Response White Paper
NNP Namaqua National Park
NPS National Park Services
PFCs Perfluorocarbons
PPD Peak, plateau, decline
RNP Richtersveld National Park
SANParks South African National Parks
SF6 Sulphur hexafluoride
TCO2e Tons of carbon dioxide equivalent
TKNP Tankwa Karoo National Park
TMNP Table Mountain National Park
UNEP United Nations Environment Program
US United State
WCNP West Coast National Park

Appendix A

Table A1. Activity data and data providers for each emission source.

Scope Emission
Sources Activity Data Source(s) Data Providers Internal/External

Scope 1:
Direct emissions

SANParks
own vehicles Km and vehicle details Monthly report Fleet management Internal

Fuel Liters and fuel type Monthly report
and invoices Finance and admin staff Internal

Scope 2:
Indirect emissions

Electricity KwH used Eskom and
Municipal bills Finance and admin staff internal

Scope 3:
indirect emissions

Air travel Routing details of
all flights (Km)

Invoices and
routing report Pretoria travel agency external

Car rental Km and vehicle details Invoices and report Pretoria travel agency external

Staff vehicle Km and vehicle details
GreatPlain
(SANParks

online system)
GreatPlain internal

Water Kiloliters Municipal bills
and estimation Finance and admin staff internal

Solid waste Tons Municipal bills
and estimation Tourism managers internal
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Table A2. DEFRA-recommended emission factors per source.

Emission Source Description Emission Factor Emission Factor
Unit Source

Fuel 1 L of diesel combusted 2.68697 kgCO2e /L DEFRA 2019/2020
1 L of petrol combusted 2.31495 kgCO2e /L DEFRA 2019/2020

1 km traveled in a small petrol car <1.7 L 0.15371 kg CO2e/km DEFRA 2019/2020
1 km traveled in a medium petrol car 0.19228 kg CO2e/km DEFRA 2019/2020

Cars (by size) 1 km traveled in a large petrol car 0.28295 kg CO2e/km DEFRA 2019/2020
1 km traveled in a small diesel car 0.14208 kg CO2e/km DEFRA 2019/2020

1 km traveled in a medium diesel car 0.17061 kg CO2e/km DEFRA 2019/2020
1 km traveled in a large diesel car 0.20947 kg CO2e/km DEFRA 2019/2020

Flight 1 km traveled on an economy short haul flight 0.15573 kg CO2e/km DEFRA 2019/2020
1 km traveled on an economy long haul flight 0.138445 kg CO2e/km DEFRA 2019/2020

Electricity 1 KwH used 0.9069 kg CO2e/KwH ESKOM
Water 1 kl of water used 0.344 kg CO2e/Kl DEFRA 2019/2020

Solid waste 1 ton of municipal waste transported to landfill 586.514 kg CO2e/ton DEFRA 2019/2020
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Table A3. Showing increase and decrease in annual use of fossil fuel-generated electricity from renewable sources and
purchased in kWh and tCO2e.

Financial Years

Annual Electricity
Generated from

Renewable
Sources (kWh)

Solar
TCO2e

Annual Use of
Fossil Fuel
Generated

Electricity kWh

Annual Reduc-
tion/Increase in

Use of Fossil Fuel
Generated

Electricity kWh

Annual
Reduction in Use

of Fossil Fuel
Generated

Electricity TCO2e

2014 0 0 40,756,605.27 0 0
2015 0 0 42,769,554.24 2,012,948.964 1934.24
2016 298,760 288.35 42,622,757.96 −14,6796 −141.06
2017 1,791,639 1722.8 42,839,780.97 217,023 208.537
2018 3,554,151 3416.4 41,895,747.06 −944,034 −907.12
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