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Abstract - While each country is making movements to address clima
te issues, their engagement varies greatly. While countries must t
ake active steps to reach the goals set by the Paris Agreement and
other international agreements, some countries seem to be far away
from the achievement of the goal. In this paper, the author aimed t
o determine the direction all country’ s climate policies must pur
sue by comparing two countries with similar geographical and econo
mic conditions but different reduction rates in GHG emission: Norw
ay and Sweden. Through analysis of population, climate policies in
all sectors (energy, industrial processes and product use, agricul
ture, and waste), and other events with indirect effects on GHG em
issions, it was concluded that the discrepancy in reduction rates i
s derived from the stringency of energy policies. Thus, this paper
claims that countries must focus primarily on the energy sector wh
en implementing policies
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Introduction

Since the advent of the Industrial Revolution, the world has changed to a great ex
tent, both positively and negatively. Though the development of technology has all
owed human beings to carry on a comfortable and enriched life, aligned with techno
logical advancement has followed extreme climate issues. Climate change is a world
wide issue that must be immediately addressed, but the countries seem unaware of t

he urgency. Effects are already significant and widespread: glaciers are melting,
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droughts are happening in some countries, and extreme rainfalls are happening in o
thers. Although countries are signing international treaties and setting goals for
mitigating climate issues, how they reach those goals highly depends on their nati
onal policies, and those policies are still too weak. Countries still prioritize c
urrent economic wills rather than considering the long—term. This research aimed t
o determine which sectors countries’ climate policies prioritize to achieve the g
oals set by international agreements such as the Paris Agreement by comparing coun

tries’ GHG emission reduction rates depending on their climate policies.

Methods and Data

By comparing the two countries’ climate policies and their consequent GHG emissio
n reduction rates, what is needed to become a strong climate policy can be determi
ned.

Fach country s climate policies depend heavily on its economic situation. For exam
ple, developed countries are starting to implement stringent climate rules, while

developing countries still prioritize their economic development, leaving environm
ental concerns unresolved. Hence, two high—income countries in the same region wit
h similar economic backgrounds but different GHG emission reduction rates were cho

sen.

Countries with similar regions and high incomes were found in the World Bank Data
Blog country classifications by income level. We sorted countries with high income
s into groups depending on their location, with the same continent in the same gro
up. Then, within the groups, the GHG emission reduction rate from 1990 to 2020 of
each country was compared. The data was collected from UNFCCC. When collecting the
data, not only the reduction rate but also the amount of GHG emission itself was c
onsidered. Of course, the reduction rate is important, but it may not always be an
accurate standard point. Countries with high GHG emission rates from 1990, though
having a high reduction rate, show extremely high GHG emission rates in 2020 also,
even having a higher number than countries with lower reduction rates. Thus, we tr
ied to find two countries that also had similar amounts of GHG emission values in
1990, so that the baseline for the reduction rate is similar. As a result, it was

able to drive out two countries appropriate for comparison: Norway and Sweden.

Norway and Sweden are adjacent high—income countries [1]. Though both are implemen
ting climate policies and trying to reduce their GHG emissions, Norway has shown o
nly a 3.57% reduction, while Sweden showed 33.10% (Fig. 1). The interesting point

was that with a consistently high reduction rate, Sweden has eventually reached ev

en a lower GHG emission rate than Norway at 2020.
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Fig 1. Norway vs Sweden GHG emission from 1990 to 2020 [2]

These GHG emission rates used in the calculation are total amounts of GHG without
Land Use-Land Use Change and Forestry (LULUCF).

Various factors might have driven this result. Thus, the author compared the two c
ountries in three areas: population, climate policies, and other major events that
may have affected GHG emissions indirectly. Through this analysis, the factor of d

ivergence was driven out.

Population is one of the most basic factors that can affect GHG emissions. Usually
, more people mean higher emissions. A larger population requires more resources,
leading to higher GHG emissions. Though population won’ t always be the main facto
r in GHG emission changes, sometimes it may serve as strong evidence to explain th
e cause of the status quo. Data on the two countries’ populations was gathered fr
om the World Bank Open Data.

While population is also an important factor, the most significant factor than any
other areas would be usually climate policies that determine the overall structure
and direction of society. This research compared the resulting quantitative data i
n each of the four sectors of GHG emissions — energy, industrial process and produ
ct use, agriculture, and waste — that have appeared due to various interconnected
climate policies and may function as intermediate indicators for speculating how G
HG emissions rate changes [2]. Only policies that aimed to deal with climate issue
s were considered in this area; policies that indirectly led to an increase/decrea

se in GHG emissions were all considered in the third area.
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In the energy sector, climate policies can be sorted into two groups: energy trans
ition and energy conservation [3]. Using alternative fuels to produce energy may a
void GHG emissions from fossil fuel combustion. Additionally, policies for energy
conservation, when implemented actively, may have significant effects in reducing
GHGs. A unit of energy not consumed equates to a unit of resources saved and a uni
t of pollution not generated [4]. When the amount of energy needed decreases, the
energy demand and quantity of energy consumed diminish, and the quantity of energy
produced eventually falls. Considering this logic, the effectiveness of energy con
servation policies in reducing GHG emissions in each country was confirmed through

the change in ‘energy intensity.’

For sectors other than energy, research proceeded carefully so as not to overlap t
he components we have already considered in the energy sector. In each sector, onl
y factors that aren’ t related to energy but affect greenhouse gases were consider

ed. This might include emissions from processing industrial materials or livestock

Finally, major events that aren’ t correlated with emissions directly but might ha
ve led to a decrease in emissions by changing people’ s lifestyles, the economy, e

tc. were considered.

Since the data shows GHG emissions change from 1990 to 2020, the policies and even
ts considered in the research were also limited within that period. All data colle
cted were expressed as a graph or table, using Google spreadsheet and its visualiz

ation tools.
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Fig 2. Total Population of Norway and Sweden from 1990 2020 [1]
Sweden has maintained an overall higher population number than Norway, and the pop

ulation increase rate is also slightly higher in Sweden than in Norway.

The population (Fig. 2) seemed to have no correlation with the GHG emission reduct
ion rate discrepancy between Norway and Sweden. Though Sweden has maintained a hig
her population rate throughout the period, it rather shows a higher GHG emission r
eduction rate than Norway. This implies that population is not a major factor in t

he decrease of GHG emissions.

2. Policies
a. Energy
i. Energy transition: Adoption of low—carbon energy sources & ph
ase—out of fossil fuels

In the early 1990s, the Swedish authorities adopted two measures that have signifi
cantly changed the energy balance. The first was the creation of a tax on CO2 emis
sions, with wood and some waste being exempted. Sweden has imposed one of the most
stringent carbon taxes in the world. This promoted the rapid phase—out of fossil f
uels. The second measure provided grants to local authorities for work on heating
networks powered by bioenergy, and individuals who agreed to connect their homes t

o these networks. Additionally, for the adoption of renewables other than biofuels
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, in May 2003, the Parliament approved an ordinance establishing a system of green
certificates. These actions had a significant effect on the energy transition and
highly decreased the use of fossil fuels in Sweden’ s energy consumption. Recogniz
ing the risk that nuclear power has, Sweden is trying to replace nuclear power wit

h renewables and is imposing taxes on nuclear waste [5].

Energy consumption by source, Sweden

Measured in terms of primary energy® using the substitution method?.
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Fig 3. Primary energy consumption by source in Sweden 1990-2020 [6]

As a result, Sweden’ s energy sources have changed from 1990 2020, with a decrease
in the use of fossil fuels and an increase in the use of low—carbon energy sources
, especially renewables. (Fig.3) The percentage of renewables in total energy cons
umption has increased from 34.25% to 52.20% with a decrease in the percentage of

nuclear power.

Norway has shown ambitions to reach an entirely renewable-based electricity system
, with renewable resources accounting for 98% of electricity generation in 2020. I
nnovation in Norway s energy sector is spearheaded by Enova, an entity owned by t
he Ministry of Climate and Environment. Enova has provided support for the replace
ment of fossil fuels with renewable energy. Concentrating mainly on hydro energy,

Norway is also on the way to developing wind energy.

Based on the green electricity generation from hydropower, Norway s energy demand
is highly electrified: in 2020, electricity covered almost half of the country’ s

total final consumption, the highest share among IEA member countries. The governm
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ent banned the installation of fossil fuel-based heating systems in 2016 and the u
se of heating oil since 2020. Most buildings nowadays have electric heating system

S.

Norway has also shown active adoption of electric vehicles (EVs) for the electrifi
cation of transport. By imposing a high registration tax on the purchase of fossil
fuel cars in addition to CO2 tax and road use tax and heavily subsidizing zero—emi
ssion vehicles, Norway achieved the largest share of EVs in the world [7]. Also, w
ith the support of Enova, Norway invested in the area development of electric vehi
cle charging infrastructure. Vehicles such as hydrogen infrastructure, zero—emissi
on vehicles, and heavier biogas—powered vehicles are also being adapted in the tra

nsport sector for further phase—out of fossil fuels [8].

Energy consumption by source, Norway
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Fig 4. Primary energy consumption by source in Norway 1990-2020 [6]

However, policies seem to be insufficient to bring significant changes from the ba
se line. While the percentage of hydropower usage in Norway was high compared to a
ny other countries in 1990, this percentage has increased slightly since then. Add
itionally, low—carbon energy sources rather than hydro and wind are utilized nearl
y at a zero rate. While the adoption rate of renewables has stayed relatively unch

anged, fossil fuel usage in Norway has increased due to the increased use of natur
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al gas in the oil and gas industry. Increased oil and gas production and the incre
ase of energy demand in extraction due to the aging infrastructures explain this i
ncreased use of natural gas [9]. Consequently, the overall renewables usage rate h
as decreased slightly from 72.81% to 72.09% while there has been an uptick in foss
il fuel usage from 27.19% to 27.95%. The oil usage has remained almost constant th
roughout the period, while gas usage has increased by 95%.

Share of primary energy consumption from low-carbon sources

Measured as a percentage of primary energy’ using the substitution method®. Low-carbon energy is defined as
the sum of nuclear and renewable sources.
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Fig 5. Share of primary energy consumption from low—carbon sources in Norway and S
weden 1990-2020 [6]

Overall, the usage of low—carbon sources in primary energy consumption has increas

ed in Sweden from 64.3% to 74.1% depending highly on renewables, while Norway s u
sage has decreased slightly from 72.8% to 72.1%.
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ii. Energy conservation

Total energy supply per unit of GDP (PPP), Sweden
------------------------------------------------------------------------------------------------- 8006 Mditheusand 2015 USD
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Source: International Energy Agency. Licence: CC BY 4.0

Fig 6. Sweden energy intensity 2000 2023 [10]
The energy intensity in Sweden has decreased constantly throughout the period, rea
ching a 36.5% decrease from 2000 to 2020. Sweden is a country that primarily focus
es its energy policies on the improvement of energy efficiency, even more than ren
ewables. Sweden has implemented various policies targeting energy efficiency in in
dustry, building, and transport. New advances in energy efficiency in building and
transport are proven to be expensive and slow. Thus, with minor policies targeting
energy efficiency in building and transport, energy conservation efforts in the in
dustry were especially strongly reinforced after 1990. Specific actions have targe
ted large industrial energy consumers; in return for their commitment to policy, t
hese “energy intensive” businesses were exempted from the energy tax until 2008,
or even to 2017 in some cases. Consequently, energy consumption has remained stabl

e while the GDP has grown about 2.6% per year on average [5].

Total energy supply per unit of GDP (PPP), Norway
------------------------------------------------------------------------------------------------- 48060 Mdfthousand 2015 USD
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Source: International Energy Agency. Licence: CC BY 4.0

Fig 7. Norway energy intensity 2000 2023 [11]
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The energy intensity of Norway in 2020 was 20.8% lower than in 2000. Again, Enova
is Norway’ s main provider of financial support for energy efficiency projects. Fr
om 2003 to 2018, Enova focused on energy efficiency projects in the industry secto
r, contributing to reducing technological risk and costs of new technology [8]. In
2018, this scheme was replaced by measures more specifically targeting emissions r
eductions rather than energy efficiency. Between 2012 and 2018, Enova also provide

d support for industry to implement energy management systems.

The main energy efficiency measure in the building sector is the adoption of buil
ding codes. Since 2010, energy performance certificates have been required when bu

ildings are built, leased, or sold [7].

b. Industrial processes and product use (IPPU)
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Fig 8. Decrease in GHG emissions from IPPU by subsector in Sweden [12]

GHG emissions in the IPPU sector of Sweden had only a slight decrease in metal pro
duction. Sweden’ s primary GHG—emitting industry is the iron and steel industry [1
3], and policies aiming to shift to a fossil-free technology in the iron and steel
industry were implemented [12]. Sweden has promoted hydrogen technology for iron o

re reductions and bio—coal as a reducing agent or an alloying element.
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Fig 9. Change in GHG emissions from IPPU by subsector in Norway [9]

In Norway, metals such as aluminum and ferrosilicon, and chemicals (mainly petroc
hemicals) are the main product groups [13]. Norway has adopted advanced technologi
es to decrease the emissions from industries. Emissions of PFCs from aluminum prod
uction decreased by 96.6 percent in 2017 compared to 1990. Also, in the chemical i
ndustry subsector, technological development led to declining emissions from the p

roduction of nitric acid, ammonia, and carbides [9].

c. Agriculture
In Sweden, the decrease in emissions of greenhouse gases from agriculture is large
ly due to the reduced number of cattle [12]. The decline of cattle will be discuss
ed in part 3.

In Norway, the main reason for the decreasing trend in GHG emissions is the reduct
ion of nitrogen content in the synthetic fertilizers used [9]. However, the decrea

se in GHG emissions is still a slight value of 6.02% despite the low baseline.

24



Technium Sustainability

Technium Sustainability Vol. 10, pp 14-31 (2025)
|SSN: 2810-2991

WWW.techniumscience.com

d. Waste
4,5
4,0
——Waste total
—a— Landfill

~==Biological
treatment

~—|ncineration of
hazardous waste

3 —»—\Wastewater
& .
¢ . handling
;1
f TTTTTTTT I T I T I T I T
oML NWN A ~O w
OO OO0 AN m
OO OO0 00000 o
e NN NN N ~

Fig 10. GHG emissions in Sweden from the waste sub-sectors [12]

The main cause for the decrease of GHG emissions in the waste sector in Sweden is
the regulation of landfills. The ban on depositing combustible materials in landfi
11s (2002), and the ban on depositing organic materials in landfills (2005). Furth

ermore, a tax on depositing waste in landfills was introduced in 2000. [12].
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Fig 11. GHG emissions in Norway from the waste sub—sectors [9]
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GHG emissions from the waste sector in Norway have generally decreased by 42.3% si
nce 1990. While the total amount of waste generated increased by more than 60.4 pe
rcent from 1995 to 2016, due to the increase in material recycling and a ban again
st disposing of biodegradable waste to landfills, methane emissions have decreased

leading to a decrease in total emissions of greenhouse gases from the waste sector

[9].

3. Major events that may have an indirect effect on GHG emissions
a. Reduced number of cattle in Sweden
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Fig 12. The number of dairy cows in Sweden 2006-2017 [14]

As mentioned in part 2—-c, the reduced number of cattle has been one of the two top
factors to lead to a reduced rate of GHG emissions in agriculture (Fig. 12). This

decline in the number of cattle is driven by the monopolization of the dairy and m
eat economy by a few huge Tarms. Just over 26 % of the agricultural holdings that

keep cattle for the production of milk and/or meat have disappeared from the Swedi
sh countryside during this period with only a few large crews left in cattle holdi
ngs [15].

This in turn has led to lower methane emissions from the digestion process in rumi

nant animals and to reduced emissions of methane and nitrous oxide from manure (Fi
g. 13).
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Fig 13. GHG emissions in Sweden from the agriculture sector [12]

b. COVID-19
In 2020, major emission reductions were brought to both countries due to the restr
ictions to mitigate the spread of COVID-19. As a result, domestic transport and in
dustrial activities and highly decreased, eventually avoiding GHG emissions. Daily
carbon dioxide emissions of the world were 17% below the average in recent years [
16]. As COVID-19 affected both countries, the reduction effect may be offset.

c. Cease of magnesium production in Norway
The steadily increasing export from China of low—cost magnesium has led to a dram
atic downturn in magnesium prices, particularly in the European market [17]. As a
result, the supply of magnesium in Norway has decreased significantly. (Sweden was
n’ t a country producing magnesium, thus wasn’ t affected by the market change.) W
hile reductions in SF6 emissions over the period are, in the early 90s, mainly due
to improvements in the production processes, starting from 2002, the reduction is
highly due to the closing down of production of cast magnesium, and in 2006, due t

o the closing down of secondary magnesium production [9].
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Discussion
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In the energy sector, Norway showed a 19.81% increase in GHG emissions while Swede
n showed a 38.85% decrease. Though Norway started with a lower GHG emission rate i
n the energy sector in 1990, Sweden eventually reached a value even lower than Nor
way s start line, while Norway s GHG emissions increased from the value in 1990.
This is due to Norway s increased use of natural gas with no additional adoption
of renewables and relatively weak improvements in energy efficiency. While Sweden
eventually implemented active climate policies for energy transition, Norway s ad
option rate stayed almost constant. As a result, Sweden has overtaken Norway s po
sition. Also, the energy efficiency was also higher in Sweden than in Norway. Sinc
e the gap between the statistics of adoption rate and energy intensity becomes hug
e when applied to reality, it has resulted in huge differences in GHG emissions. T
his gap seems hard to overcome though Norway has the carbon capture and storage (C
CS) technology that Sweden lacks

In the sector of industrial processes and product use, Norway showed a much higher
reduction rate in emissions than Sweden: Norway —38.7% and Sweden —14. 14%. This di
fference seems to be partly due to Norway s active steps in advancing technology

but also attributed to the closedown of the magnesium industry.

In the agriculture sector, though Sweden showed a higher reduction rate, the overa
11 percentage of reduction was quite similar between Norway (—6.02%) and Sweden (-
11.11%), with similar numerical values in final emissions. Also, since Sweden’ s r
eduction rate was highly due to the decline of cattle, it was concluded that there

aren’ t significant differences made through climate policies in agriculture.

Lastly, in the waste sector, Norway showed a decrease of 42.3%, while Sweden showe

d a decrease of 73.94%. Though Sweden had a higher reduction rate, as Norway had s
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tarted with a lower emission baseline in 1990, the final emission itself was simil

ar between the two countries with 1541.37 in Norway and 1076.81 in Sweden.

Summing up this information, the discrepancy between the two countries’ GHG emiss
ion reduction rates seems to have been driven by the energy sector. The slight wea
kness in Norway s energy policies has resulted in Sweden even showing a lower tot
al GHG emission in 2020. Hence, energy is where the country s stringency in polic
ies may bring a huge gap in reduction rates, and this is why energy must be priori

tized over any other sectors when implementing climate policies.

A similar situation has appeared between Austria and Finland. Though they are both
high-income countries located in Europe, Austria showed only a 1.92% decrease in G
HG emissions from 1990 to 2021 while Finland showed a 32.76% decrease in their GHG
emissions throughout the same period. The gap in the reduction rate seemed to be h
ighly derived from the energy sector (Table 1). This provides additional evidence

for the conclusion derived from the case study of comparing Norway vs Sweden.

Austria Finland
Category
Base year 2020 Difference Base year 2020 Difference
Total GHG emissions without LULUCF 79,047.23 73,910.84 -6.50% 71,087.75 47,756.28 -32.82%
1. Energy 52,664.96 49,930.23 -5.19% 53,420.15 34,396.60 -35.61%
2. Industrial Processes and Product Use 13,615.38 15,523.86 14.02% 5,216.20 5,030.20 -3.57%
3. Agriculture 8,399.71 7,197.46 -14.31% 7,243.80 6,414.59 -11.45%
5. Waste 4,367.18 1,259.29 -71.16% 5,207.61 1,914.89 -63.23%

Table 1. Austria vs Finland GHG emissions by sector [2]

Conclusion

To conclude, energy policy is where one country can be distinguished from another
in GHG emission reduction rates. Without taking active steps in energy policy, it
is difficult to reduce GHG emissions until the numbers are set by international ag
reements. Logically thinking, since the energy sector takes up over a third—quarte
r of each country’ s and the world’ s GHG emissions, mitigation and adaption in th
e energy sector would have the most impact on the GHG emissions rate compared to o
ther countries. While this fact might be evident, this paper shows evidence from r
eality through the case study comparing Norway and Sweden. Thus, countries must im
plement rigorous energy policies, as weaker policies would lead to an irretrievabl
e increase in GHG emissions. On the other hand, even slightly stronger policies wo
uld bring high reductions, pushing the country one step closer toward a green soci

ety.
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