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1 CHAPTER 1: BASIC
KNOWLEDGE ON CLIMATE
CHANGE MITIGATION AND
ADAPTATION
We often hear the words ‘climate change’ today because climate conditions are changing
due to human activities that are changing the Earth’s atmosphere. Over the past 200
years, fossil fuels have been an important source of energy in industrial development.
Scientists believe that burning fossil fuels is the main cause of greenhouse gas
concentration in the atmosphere, resulting in the greenhouse effect and global warming.
The importance of climate for humans
Human life depends on climate conditions. For example, the right climate conditions are
needed for agriculture to produce food. Crops have different tolerances for drought,
demand for rainfall, sunlight, temperature, nutrient content and different soil
characteristics. Local farmers thus need to understand local climate conditions to select
suitable crops to grow. For instance, the climate in the north is colder than that in the
south and is most suitable for planting pears, peaches, plums and other fruits. The south
has a humid climate and intense rainfall and is more suitable for water-intensive crops
such as durian and coffee.
Other human activities subject to climate conditions include housing, and infrastructure
features can be designed for local- or microclimates. Lao PDR is a humid, tropical
country, thus housing designed to optimise air currents whereas the cold climate housing
prioritise low-rise buildings.
In addition, there are many climate-dependent activities. Various climate zones of the
world can be suitable for tourism and generate considerable income for entrepreneurs.
During Lao PDR’s winter period (November–February), tourists prefer to visit the north.
Climate changes such as more rainfall will thus have a major impact on humans in terms
of economy, society and environment. Our world is facing climate change with impacts
everywhere.
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The difference between climate variation and climate change
 Weather and climate
‘Weather’ refers to the atmospheric conditions and changes over a short time.
‘Climate’ refers to the general conditions of the local atmosphere, which are the results of
weather changes. Climate is therefore the ‘average weather’ over a long period of time
taking into account all of the elements that affect climate conditions, such as temperature,
humidity and so forth. For example, Lao PDR has a low or cold temperature range from
October to February, and a hotter range from February to May. The average that
describes the nature of weather over a long-term period is called ‘climate’.
 Climate variability and climate change
Variations and changes of climate over a short time, for example 3-4 days or yearly, are
called ‘climate variations’. Frequent climate variations occur in the rainy season, with
some years having more rain, more drought or rainfall shortages.
With ‘climate change’ we need to look at changes over time. In the early centuries climate
change was slower than the current climate change, which is much faster due to the
effects of global warming. Thus when analysing climate change, we need to look at
variations over time and determine similarities or differences compared to a baseline. The
major problem is the need to use climate change and variation as a base for comparison,
for example:
 How is the climate over the last 20 years different from 20 years ago? It may be a
change in the overall average; for example, the average daily maximum
temperature in 20 years (from 1957 to 1977, and from 1977 to 1997) increased
from 30°C to 32°C;
 Over the last 20 years we have experienced more floods and droughts. We could
view this either in terms of numbers or of the severity of the events. The frequency
or magnitude trend of variability in a climate is change. Trends of serious floods are
occurring more frequently (from three to six times in the last ten years). In the last
20 years, a drought occurred in three provinces, but this has now extended to six
provinces.
In summary, it directly relates climate variation and climate change. However, it is being
different by significant issues like the time to occur and the comparing the differences.

1.1 Lesson 1: Greenhouse gas, the greenhouse
effect, global warming and climate change
Objectives:
The participants/trainees will understand:







The differences between weather and climate
The differences between climate variability and climate change
Greenhouse gas from human activities and greenhouse effects
Global warming
Human and greenhouse gas emissions
Climate change, including causes of climate change

9

1.1.1

Greenhouse gases
Greenhouse gases (GHGs) are gases in the atmosphere that can absorb heat wave
radiation, reduce heat to outer space and reflect heat back to the Earth’s surface. This
process is the root cause of the greenhouse effect. Greenhouse gases are essential and
important to maintain a stable global temperature. Without greenhouse gases in the
atmosphere the world would be extremely cold and life would not be sustainable. The
global temperature would be below 14°C compared to the current temperature.
The major greenhouse gases are water vapour, carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O) and ozone (O3). Greenhouse gases occur from natural and industrial
processes. The greenhouse gas concentration in the atmosphere is currently 380ppm.
The ice core currently shows that CO2 levels are higher than before the industrial age
level of 100 ppm.
According to the Kyoto Protocol (KP) there are only six greenhouse gases. These are
anthropogenic greenhouse gas emissions: carbon dioxide (CO2), methane (CH4), nitrous
oxide (N2O), hydrofluorocarbon (HFC), perfluorocarbon (PFC) and sulfurhexafluoride
(SF6). There are other greenhouse gases that result from human activities, such as
chlorofluorocarbon (CFC), which are not included in the KP. The substance CFC is
included in the Montreal Protocol.
The major greenhouse gases:
The major greenhouse gases from human activities are:
 Carbon dioxide: CO2
Carbon dioxide (CO2) is generated by burning fuels such as crude oil, coal, firewood and
natural gas for industrial processing, transportation and power generation. The main
component of fuel is carbon, and when it is burned, it releases into the air and forms
carbon dioxide, which concentrates in the atmosphere. Carbon dioxide is a major
greenhouse gas, representing a proportion of 76% in 2013. The five main CO2 emitting
countries are, by order: China (10 GT), the USA (5 GT), the EU (4 GT), India (2 GT) and
Russia (1.5 GT). However, the USA and Russia are the top CO2 emitters per capita. As
illustrated in Figure 1, for the period 1970-2013, the cumulative CO2 emissions are
ranked by country/zone as follows: USA, EU, China, Russia and Japan. In 2014, the
USA, Russia, China and India emitted a CO2 equivalent of over 600 million m3, as can be
seen in Figure 2. Over the last 100 000 years until 2000, the CO2 concentration in the
atmosphere did not exceed 370 ppm. Yet in 2015, it was 400 ppm. Before the Common
Era (BCE) the CO2 concentration was only 200-250ppm, whereas from 1950 to 2015 it
reached 400 ppm, as shown in Figure 3.
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Figure 1: Top six CO2 emitting countries in 2013, and cumulative CO2 emission by country,
1970-2013

Source: List of countries by carbon dioxide emissions.
Figure 2: World map of CO2 emissions by country, 2014 (including top 10 countries’ annual
CO2 emissions)

Source: Encyclopedia Britannica, June 2018
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Figure 3: CO2 concentration over 100 000 years until 2000

Source: Environmental Protection Agency (EPA), 2016
 Methane: CH4
Methane is a gaseous substance that is made from organic compounds in anaerobic
digestion processes or produced when microbes break down organic matter in the
absence of oxygen in natural sources (swamp/wetland). Methane sources include
livestock farming, coal mines, oil and natural gas, paddy fields and buried waste. The
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concentration of methane in the atmosphere has doubled since 1750, when about 300500 million tons were released per year, and it is projected to double compared to current
emissions by 2050. The lifetime of methane is approximately 10 years and it has a global
warming potential (GWP) 20 times that of CO². In 2015, the methane concentration was
approximately 1840 ppb (Figure 4). Over 100 000 years until 2015, the concentration of
methane increased significantly. In the BCE era, the methane concentration was only 500
ppm, whereas from 1950 until 2015, it reached 1 840 ppb, as shown in Figure 5.
Figure 4: CO2 concentration over 100 000 years until 2000

Source: Eric Hand, Science, Dec. 2017
Figure 5: Methane concentration over 100 000 years until 2015

Source: EPA, 2016
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Rice paddy farming is a major source of methane because one third of the world’s
population consumes rice and the rice harvesting area has doubled over the last 45
years. Most paddy fields are irrigated and so they function like wetlands, producing
methane in the proportion of 1.1-32.2 mg/m²/hr. Overall, methane from rice fields
amounts to 50-100 million tons/year. Livestock farming activities involving cows, buffalos,
pigs, sheep, goats and camels release methane gas from the breaking down of their
excreta and food digestion in the bowels. A cow can produce around 0.22 kg of methane
gas per day, and around 30 000 tons of methane gas will be released into the air for
1 300 million cows.
 Nitrous oxide: N2O
Nitrous oxide (N2O) is naturally released into the atmosphere from the sea, ocean, and
bacteria in the soil. N2O in the atmosphere has increased by 15% more since 1750, and
has increased by approximately 7-13 million tons due to agricultural activities, such as
those involving chemical fertilizer.
Practices involving chemical fertilizer with nitrogen elements have doubled over the last
15 years. N2O is released into the air after the use of this fertilizer. Other sources of N2O
are exhaust gas and human and animal excreta. In exhausted fuel, there is more carbon
content than nitrogen. The N2O concentration in the atmosphere over the last 100 years
until 2015 increased as CO² and CH4 increased. In the BCE period, the concentration of
N2O was only 250ppm, whereas from 1950-2015 it reached 330 ppb, as shown in Figure
6.
Figure 6: N2O concentration in the atmosphere over the last 100 years until 2015

Source: EPA, 2016
 Fluorocarbon gases
Fluorocarbon gas (FC) is the common name for artificial gases that contain fluorine and
carbon. These gases can be in a gas- or liquid-state and used for spray cans, fridges and
air-conditioning. Chlorofluorocarbon (CFC), a fluorocarbon gas, has been banned
14

because it is a major cause of ozone depletion. When the ozone is depleted, ultraviolet
(UV) rays can reach the Earth’s surface and cause skin cancer. Hydrofluorocarbons
(HFCs) have therefore been introduced to replace CFCs. HFCs can absorb and radiate
heat in the atmosphere, and are greenhouse gases. However, HFCs have been
introduced into the industrial sector relatively recently. From 1978-2015, the
concentration of halogen gases in the atmosphere increased (Figure 7).
Figure 7: Concentration of halogens from 1978-2015

Source: EPA. Data sources: AGAGE, 2016; Rigby, 2016; NOAA, 2016
Web update: August 2016

1.1.2 Greenhouse effect
The greenhouse effect is a world’s atmosphere similar to a glass-house (Figure 8). The
greenhouse effect allows solar radiation to pass through the Earth’s surface. Some
energy is absorbed by the earth’s crust and oceans. The rest of the energy radiates back
to space as long wave or infrared energy. The atmosphere contains gases and water
vapour. When short wave radiation from the sun passes through the earth, around 30%
of the energy is reflected to space; the rest (70%) passes through to the Earth’s surface
and is absorbed by the seas, oceans, rivers, soils, crops and trees. Infrared energy or
long wave radiation is then released to the atmosphere by the wind and clouds. Some
heat is trapped in greenhouse gases (Figure 9). This phenomenon acts as a natural
blanket by preventing the earth’s surface from being too hot or too cold. The greenhouse
effect increases the temperature. Balancing the temperature will create a water cycle and
seasonal fluctuations that are more comfortable to live in.
Greenhouse:
In cold countries, it is more common to grow vegetation in greenhouses. Light and heat
are essential requirements for crops. A greenhouse is made mostly of translucent
materials (glass or clear plastic). The sunlight passing through the greenhouse turns into
15

heat and warms up the air inside the greenhouse. Thus a greenhouse stays warmer than
the air outside. It traps some of the heat inside to keep the plants warm and this process
is similar to the ‘greenhouse effect’ (Figure 8)
Figure 8: World’s atmosphere – greenhouse

Source: http://th.uncyclopedia.info/wiki
Greenhouse gases (GHGs) are comprised of water vapour, CO2, CH4, N2O, ozone
chlorofluorocarbons (CFCs), and hydrofluorocarbons (including HCFCs and HFCs). The
proportion of the greenhouse effect from water vapour is about 36-70%; CO2 represents
around 9-26%; CH4 about 4-9%; and O3, 3-7%. Nitrogen (N2) and oxygen (O2) are not
16

greenhouse gases as they become homonuclear diatomic molecules, and therefore do
not absorb or discharge infrared energy.
Figure 9: Natural greenhouse effect

Source: METEO BENELUX

1.1.3 Global warming
When greenhouse gases have released and accumulated in the atmosphere too much,
the natural greenhouse effect will break down. Greenhouse gas concentration in the
atmosphere (Figure 10), especially in the troposphere layer, would make our world have
a thick blanket that could absorb and emit heat. Our world would become warmer,
resulting in ‘global warming’. Our daily lives generate a higher greenhouse gas
concentration. These gases lead to a warmer world and changing climate. Climate
change impacts our livelihoods and lives in the world. Global warming is the increasing of
the average temperature near the earth’s surface and oceans in the mid-20th century. A
trend of increasing temperatures is imminent.
Figure 10: Global warming

Source: METEO BENELUX
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Our world is already warmer. Observation data shows that the average temperature has
increased over the last 1000 years. The trend represents after the year 1900, which was
the first industrial revolution era (Figures 11, 12 and 13).
Figure 11: Human activities before and after the industrial revolution causing climate
changes

Figure 12: Human activities before and after the industrial revolution causing changes in
CO2 concentration

Figure 13: Human activities before and after the industrial revolution causing changes in carbon emissions

Source: Environmental Decision Making, Science, Technology
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Based on the strong relationship between increasing temperatures and man-made
greenhouse gas emissions, scientists project the following trend in greenhouse gas
concentration over the next 100 years, as illustrated in Figure 14.
Figure 14: Projection of temperature for the next 100 years (2100)

Source: The science and politics of climate change. II The science, impacts and
vulnerability, www.parliament.uk
The atmosphere has absorbed more heat radiation due to increasing greenhouse gas
emissions. Consequently, the average surface temperature is increasing. Each gas has
its own Global Warming Potential (GWP). The GWP value depends on the efficiency of
the molecular heat radiation and gas lifetime in the atmosphere by comparing the heat
radiation of CO2 over time. The primary greenhouse gases that cause global warming are
CO2, CH4 and N2O. CO2 ranks highest for its contribution to global warming at around
63%, whereas CH4 contributes about 18.6% and N2O approximately 6.2%.

1.1.4 Human and GHG emissions
As stated above, human activities have a much greater influence on climate change than
natural processes. Our daily consumption habits, from waking to sleeping, emit GHGs
into the atmosphere.
Direct GHG emissions: Humans are sources or producers of GHG emissions by burning
waste or fossil fuels for their cars which can produce CO2, N2O and O3.
Indirect GHG emissions: Even if a human is not the source or producer of GHG
emissions directly, their daily human activity may cause GHG emissions indirectly. For
example:
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 Use of electricity: If people use more electricity than they need, electrical power plants
need to increase their power generation as a result release more GHGs into the
atmosphere.
 Consumption of food and goods: Food, clothing, housing and medicine are key factors
of human life that require production processes. Each stage in the production process
(preparation of raw materials, production, packaging and selling) uses natural
resources and energy. Waste is generated and released into the environment. Each
stage can produce GHGs that are released into the air in different amounts. Thus if we
consume more, our world will be warmer.
 Waste: Garbage and waste from human consumption is increasing every day in terms
of quantity and diversity. Cities’ waste disposal processes still use open-dumping,
landfills and burning. All of these methods generate GHG emissions. Burning waste
generates CO2 while dumping and landfill practices generate CH4. GHG emissions
will therefore increase as does waste.
 Forest degradation: With a growing population and economic development, the land
needed for housing, agricultural practices and factories are increasing. People expand
the area available by cutting down trees and burning natural forests. Destroying
forests damages natural carbon sinks and carbon sequestration as plants absorb CO2
and use it during photosynthesis to generate oxygen.
Table 1: Concentration, lifetime in the atmosphere and the GWP of gases
GHGs

Chemical
formula

Concentration
before industrial
revolution (pptv = 1
part per billion per
volume)

Concentration
in 2011

Lifetime in
the
atmosphere
(year)

Global
Warming
Potential (GWP)

Carbon dioxide

CO2

278 000

390 000

200-450

1

Methane

CH4

700

1 803

9-15

23

Nitrous oxide

N2O

275

324

120

296

Chlorofluorocarbon

CCl2F2

0

0.527

100

10 600

Perfluoromethane

CF4

0

0.070

50 000

5 700

Sulfur hexafluoride

SFC

0

0.0073

3 200

22 200

Source: Fifth Assessment Report (Intergovernmental Panel on Climate Change IPCC,
2014)

1.1.5

Sources of GHGs
The Fifth Assessment Report of the Intergovernmental Panel on Climate Change in 2014
revealed that the increase in greenhouse gases is mostly from human activities as
outlined above, with a wide range of sources, including the use of electricity and heat,
agriculture, forestry and land-use, as well as the industrial sectors, are the main sources
of GHGs which comprise 25%, 24% and 21% respectively.
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Figure 15: Sources of GHGs in 2014

Source: IPCC 2014

1.1.6

Climate Change
The meaning of ‘climate change’
 The United Nations Framework Convention on Climate Change (UNFCCC) defines
‘climate change’ as a change in climate that is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and which is in addition to
natural climate variability observed over comparable time periods.
 The Intergovernmental Panel on Climate Change (IPCC) defines climate change as a
change in the state of the climate that can be identified (e.g. using statistical tests) by
changes in the mean and/or the variability of its properties and that persists for an
extended period, typically decades or longer.
 From the above definitions, human activities cause climate change, where in a given
area, the pattern and characteristics of the observed weather (temperature, humidity,
precipitation and seasonal) have changed.

1.1.7

Causes of climate change
Climate change: a gradual increase in the average temperature of the Earth’s
atmosphere. There are two major factors of change: natural factors and the concentration
of GHGs in the atmosphere.

1.1.7.1

Natural factors:
The natural factors influencing the Earth’s climate system are astronomical and
geological factors.
 Astronomical factors that can influence climate change and climate variation:
 Sunspot: storms on the sun’s surface, which reach a peak every 11 years. Even
though the darkness in the sun will be less radiant than usual, but there will be
other areas in the sun that radiate more. The overall effect when darker is
increased sun radiation, resulting in a slightly higher average temperature on the
earth.
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Figure 16: Sunspot

Source: cherishthescientist.net
 Earth’s orbit around the sun: The distance between the Earth and the sun (the
Earth’s orbit rotation around the sun is oval) will affect the difference in seasonal
temperatures, and will play a major role in global climate change.
Figure 17: Earth’s orbit around the sun

Source: timeanddate.com
 A large meteorite striking Earth:
This would contribute a large amount of moisture and dust into the atmosphere that it
would block the sunlight and the global temperature would decrease. The last time this
happened was 65 million years ago, causing the extinction of the dinosaurs.
 Geological factors that can influence the climate are continent movements and
collapsing mountains, which totally transform the landscape. Volcano eruptions
release gases and dust particles into the atmosphere, reducing the amount of solar
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radiation passing through the Earth’s surface and causing a drop in the global
temperature. Aerosol particles can remain for as long as three years.
1.1.7.2

Changing concentration of GHGs
An increasing concentration of GHGs in the atmosphere will cause a higher global
temperature. Scientists have researched the climate based on water bubbles in 400 000
year-old ice cores. This has shown a strong relationship between temperatures and CO2
concentration, where increasing or decreasing temperature trends were similar to CO2
concentration trends (Figure 18). Scientists presume that an increasing CO2
concentration could have been generated from a volcano eruption, plant respiration and
microbial decomposition of organic matter in the soil. A high concentration of GHGs in the
atmosphere plays a role in the rising global temperature.
Figure 17: The relationship between CO2 and temperature over the last 400 000 years

Source: Vital Climate Graphics: Introduction of climate change, UNEP, Feb. 2005
Human activities are major cause of the increasing CO2 concentration. Since the era of

the industrial revolution, fossil fuel has been the main source of energy for industrial
development. A massive amount of GHGs have been released from the burning of fossil
fuel, causing global warming and climate change. As stated in the Fourth Assessment
Report of IPCC (2007), human activities using energy from fossil fuels, and changes in
agricultural and forestry land-use have generated GHG emissions into the air more GHG
concentration than in the last 650 000 years. Since 1950, the CO2 concentration has
increased. In 2014, the CO2 concentration was 400 ppm, and it is projected that this will
increase (Figure 19). Humans invent and develop machines to help people and increase
productivity. These machines depend on fossil fuels. By burning fossil fuels, GHGs (CO2,
N2O, and O3) are released into the atmosphere. As a result of the rapid social and
economic development throughout the world, forest cover has been replaced by largescale agriculture, industrial expansion and urban growth. Trees play an important role in
climate change. The destruction and degradation of forests exacerbates the issue
through the release of CO2 (Figure 20).
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Figure 18: GHG concentration over the last 650 000 years

Source: NASA’s Jet Propulsion Laboratory (2015)
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1.2 Lesson 2: The impacts of climate change
Objective:
Audiences will be able to understand:
The impacts of climate change on humans and ecosystems








Changes in the Earth’s surface temperature distribution
The impacts of climate change on ice sheets
The impacts of climate change on the ecosystem and biodiversity
The impacts of climate change on water resources
The impacts of climate change on sea levels and coastal areas
The impacts of climate change on natural disasters
The impacts of climate change on human health
 Emerging Infectious Diseases (EID)
-

Severe Acute Respiratory Syndrome (SARS)

-

Bird flu pandemic

-

Influenza type A virus 2009 (A H1N1)

 Recurrent controlled disease in the past
-

Dengue fever

-

Malaria fever

-

Diseases caused by insects: Zika virus and Chikungunya including
Japanese Encephalitis








-

Vector-borne diseases
Nutrition
Women’s and child health
Parasite infections
Respiratory diseases
Mental illness
Impacts on health from heat waves

Impacts on socio-economics

Human influences on climate change and GHG emissions are higher now than in the
past. Climate change affects humans and ecosystems.

1.2.1

Changes in the Earth’s surface temperature distribution
In the 20th century, the global mean surface temperature (an average of near-land and

ocean-surface temperature) has increased by around 0.6±0.2 °C. With peaks from 19101945 and 1976-2000. The highest temperature recorded was in 1998. The Earth’s
surface temperature has risen by about +0.15±0.05 °C/every 10 years. Tropical and
warmer zones are sensitive to changing temperatures (Figure 21). In Lao PDR, if a high
concentration of GHGs occurs, the annual average temperature is expected to increase
by about 4.6°C from 1990-2100. However, if highly efficient GHG mitigation measures are
applied, the temperature will be limited to an increase of around 1.4°C (Figure 22).
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Figure 19: Increasing average temperature of the world

Figure 20: Current average temperature and CO2 from 1880- 2016 and 2100 in Lao PDR

ຼ່ ມາຂອງຮ
Source: Climate Central ແຫ
ູ ບພາບ: Climate and health country profile,
ຼ່ ງທ
2015. Lao PDR

1.2.2

Impacts on ice sheets
According to satellite data, ice sheet areas shrunk by around 10% in the 1960s. During
the summer, the volume of the ice sheet dropped by around 10-15%. Since the 1950s,
the ice sheet layer in the Arctic has been thinner in both summer and winter.

Figure 21/ Melting down of the ice sheet in the arctic from 1979-2007

Source: Image Credit: World Wildlife Fund
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1.2.3

Impacts on ecosystems and biodiversity
Our world has a complex, interconnected system. The relationship between living things
and their habitats is known as the ‘ecosystem’. There are two kinds of ecosystem: aquatic
and terrestrial. An ecosystem consists of living organisms that interact with one another
and their environment to make a complex system. Ecosystems and biodiversity are
essential for humans. The rapidly changing climate and global warming have directly
impacted ecosystems. Living things must readjust to different environmental conditions.
Some species that have not been able to adapt have become extinct. The seasonal
migration of animals is changing due to seasonal shifts. It also changes our ways of
farming. With shorter, warmer winters, many insects may die. On the other hand, other
insect species have generated more and live longer, for instance locusts they can destroy
crops within a week.
The daily maximum temperature is increasing and may exceed the highest temperature
that crops and animals can survive. Sea and land animals migrate to the northern
hemisphere, which is cooler. In the North Pole, they will endanger both plants and
animals. The IPCC estimated that around 20-30 species of crops and animals are at risk
of extinction if the temperature increases by 1.5-2.5 °C. People living in poverty in lower
income countries would be the most vulnerable.
A temperature increase of around 1°C will affect the growth of trees and forest
restoration. One third of forests in the world will change considerably; most changes in
crops would be in high latitude region with less change in warmer zones.
Figure 22/ Climate change effects on the environment

Source: Rory Arnold on 11.12.2016

1.2.4 The impacts on water resources
The Earth’s surface temperature is increasing. This causes to evaporate quickly in lakes
and rivers and reduces the fresh water available. Furthermore, sudden water evaporation
can lead to changes in ecosystems throughout the continent. The loss of lakes can affect
living beings and species. Moreover, a higher global temperature has effects on
precipitation and water evaporation. It is clear that surface water and groundwater have
declined. This leads to droughts. If the average temperature rises by around 1.8°C-3.2°C,
severe droughts will occur all around the world (Figure 25).
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In Lao PDR, if there is a high GHG emission, the number of the longest dry days will
increase by 10 days, from 55 days in 1990. However, in the scenario of a sudden drop in
GHG emissions, drought events will decrease to less than 1.5 days. Drought affects
water security and sanitation, and raises the risk of vector-borne diseases. On the other
hand, it decreases corps yields and livestock numbers, causing food insecurity and
increasing the risk of malnutrition (Figure 26).
Figure 23: Drought conditions around the world

Source: A. Dai UCAR 2010, Nature.
Figure 24: Drought projections under global warming in Lao PDR from 1900-2100

Source: Climate and health country profile, 2015, Lao PDR.
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1.2.5 The impacts on seawater levels and coastal areas
1.2.5.1

Changes on chemical effects and

the acidity of seawater

An increase in GHG emissions in the atmosphere, especially CO2, will cause more acidity
in seawater. The level of dissolved carbonate in seawater has decreased, which is an
important factor to erode the shell or calcium carbonate (CaCO3) of coral and sea plants.
Coral and sea plants will be at risk of extinction, which will widely affect the ecosystem.
According to a study, CO2 concentration has increased from 270 to 400 ppm (over the
last 100 years), and is projected to reach 500 ppm in the next 30-40 years. In addition,
ocean acidification affects sea animals and sea plants.
1.2.5.2

Increasing sea temperatures
An increase in GHG emissions into the atmosphere will imbalance the Earth’s climate.
The average global temperature has risen by 1°C over the last 100 years, and is
projected to increase by 2-5°C over the next 100 years. A continuously increasing global
temperature will directly affect all living things, especially sensitive animals and plants, for
example, some corals. If the sea temperature rises by 2-3 °C, this can cause coral
bleaching, where the coral expels the algae living in its tissues causing it to turn totally
white. Coral will not survive if the sea temperature keeps rising.

1.2.5.3

Rising sea levels
It is projected that sea levels will rise by about 50 cm more by 2020, and 90 cm over the
next 100 years. The melting of Arctic sea ice is a major cause of the rising sea level.
Rising sea levels cause the flooding of coastal human habitats and shoreline erosion
(Figure 28). In Papua New Guinea, 2 700 people from Carteret Island had to move to
Bougainville Island due to the rising sea level. According to NASA, the sea level rose
from 1995-2013 at a rate of 3.19 mm/year (Figure 27).
Figure 25: Sea level rise from 1995-2013

Source: NASA’s Jet Propulsion Laboratory (2015)
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Figure 26: Countries vulnerable to sea level rise

Source: WHO (1996)

1.2.6 The impacts on natural disasters
An increasing average global temperature, or global warming, causes climate change. It
has changed climate patterns and magnified climate-related hazards such as shorter
winters, longer summers and more frequent disasters (floods and droughts). This will
affect and burden the government budget in conducting the relief activities and in
reconstruction of the damage due to disaster as well as the overall of national economy.
Natural disasters do not only affect socio-economic development; it also affects human
lives and the mental state of people who have lost their houses, farmland and loved ones.
The IPCC Special Report on Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation (SREX) put forward a conclusion: climate change
causes an increasing frequency and magnitude of climate extreme events. These
climate-related events depend on three factors: 1) the nature and level of magnitude of
extreme events, 2) vulnerable groups and 3) exposed areas.

A total of 880 climate-related hazard events occurred in 2013 (Figure 29). In terms of
natural disaster victims, 10 extreme climate events took place in 2013. Four events
occurred in China and another four were in Asia (Table 2)
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Figure 27: Loss from climate extremes and climate variability in 2013

Loss events worldwide in 2013

Source: Munchener Ruckversicherungs-Gesellschaft (2014)
Table 2: Top 10 climate extreme events by number of affected people in 2013

Source: Munchener Ruckversicherungs-Gesellschaft (2014)
Event

Country

Affected people (million)

Flood: June

China

17.4

Flood: April

China

13.1

Flood: July-October

Nigeria

7.0

Cyclone (Bofa): December

Philippines

6.2

Cyclone (Haikhoun): August

China

6.0

Flood: June

Bangladesh

5.1

Flood: August-October

Pakistan

5.0

Flood: August

Philippines

4.5

Cyclone (Dari): August

China

3.8

Drought

Kenya

3.8

Total

6 countries

72.0

Source: The International Disaster Database (EM-DAT) (2012)
According to EM-DAT data from 2012 (Centre for Research on the Epidemiology of
Disasters [CRED]), over 18 000 disaster events occurred from 1990-2012. Figure 30
shows the percentage share of affected people or victims of disaster by continent. Asia
seems to be the most vulnerable continent. According to IPCC data, from 1970–2008,
95% of deaths from natural disasters were from developing countries whose basic
infrastructure could not resist the disasters. Urban planning had not been properly
designed for hazards and early warning systems had not functioned correctly (Figure 31).
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8

Figure 28: Percentage share of disaster victims by continent in 2012

Source: EM-DAT (2012)
Figure 29: Proportion of deaths between developed and developing countries, 1970-2008

5%

95%

Source: IPCC, 2012
In comparison with losses from 1980 to 2012, loss from disasters increased in 2013.
Total disaster-related economic losses amounted to approximately USD 125 billion in
2013, while for the period 1980-2012, this was USD 115 billion. Asia accounted for 41%
of economic losses and North America for 30%. In Asia, the average annual cost of
disasters over the past 30 years, at USD 47 billion, is still lower than for the year 2013, at
USD 60 billion (Figure 32). According to Munchener Ruckversicherungs-Gesellschaft,
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low-middle income countries in Asia have disaster insurance covering only 5% of the cost
of catastrophes (Figure 33). Climate extremes and climate-related hazard events mostly
occur in south-east Asia and the west Pacific, and include typhoons, floods, extreme
rainfall, wildfires, heatwaves, etc.
Figure 30: An increased loss rate in 2013 compared to 1980-2012

Figure 31: Total loss and insurance loss by continent

Source: Munchener Ruckversicherungs-Gesellschaft (2014)
According to IPPC data, economic loss from cyclones and floods generally occurs in
Asia, and is expected to double by 2030. In 1970, 68 million people were affected by
cyclones; this number is expected to reach approximately 125 million in 2030. Flood
events affected 29 million people in 1970; around 77 million people are expected to be
affected in 2030 (Figure 34). By way of example, we can mention the Nargis typhoon
which occurred in Burma in 2008, and the wildfire of Indonesia in 2006 (Figures 35 and
36).
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Figure 32: Mortality rate of people from cyclones and flood (1000 people per year);
comparison between 1970 and 2030 by continent

Source: IPCC (2012), Handmer et al. (2012)
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Figure 33: Nargis typhoon in Burma 2008

Source: New York Times (2008) ແລະ The Guardian (2008)
Figure 34: Wild fire in Indonesia 2006

Source: Mongabay.com (2006)
Lao PDR will face the danger of severe drought and flood issues. Health impacts can
occur before and after these extreme climate events, droughts and flood hazards. The
health care system is also at risk of climate change impacts. Lao PDR’s health sector is
vulnerable to climate threats. It receives limited nutrition promotion and has a limited
health service: human resources and health service facilities (hospitals, health
equipment, medicines and drugs).
With a high GHG emission scenario, the number of heavy rain days (greater or equal to
20 mm a day) will increase by eight more days in the period 1990-2100. This can cause a
high probability of flooding. For a low GHG emission scenario, there will be a low risk of
flooding. Climate change causes increased precipitation in the rainy season.
The number of people affected annually by flood hazards will be 68 200 in 2030 (40 400
from climate change and 27 800 from a slowdown in socio-economic development). This
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is higher than the estimate for 2013, of 48 200 affected people. Many provinces
(Savannakhet, Luang Prabang, Houaphan, Khammouan, Luang Namtha, Saravan,
Sekong and Vientiane) will face a risk of flooding. The direct impacts of flooding include
loss of human life, damage to property (housing, buildings and health centres),
destruction of crops and loss of livestock. The indirect impacts of flooding include vectorborne disease (E. coli and salmonella), melioidosis, leptospirosis, skin diseases, and
respiratory infections.
Figure 35: Tropical depression Doksuri hits Lao PDR 2018

Source: Tropical depression Doksuri Update 2017 Number 004, 13 Sept 2017
Figure 36: Tropical depression Doksuri

Source: The weather channel, 2 Nov. (Maring)

1.2.7 The impacts on human health
Some insects and microorganisms benefit from climate variability and climate change.
The appropriate climate conditions are necessary for the survival, reproduction,
distribution and transmission of disease vectors. Warmer weather conditions favour the
expansion of several infectious diseases, and may also make opportunities for more
outbreaks in non-traditional places at different times, such as severe acute respiratory
syndrome (SARS), bird flu, influenza type A virus 2009 (A H1N1), dengue fever and
malaria fever.
The main characteristics of a new infectious disease and recurrent infections are a
source of virus that transmits from animals (birds, swine) to humans and from person to
person. These infectious diseases have spread worldwide in the last decades.
Transportation is a key factor in the spread of disease.
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1.2.7.1

Temperature, humidity, precipitation and wind
Based on a study of climate factors (temperature, humidity, precipitation, wind), these
latter are essential for most infectious diseases:
 Temperature:
A rising temperature is a good condition for the survival, reproduction and life cycle of
vectors. Rising temperatures can influence the geographic and seasonal distributions of
vectors such as spiders, fleas, ticks and ants, mosquitoes, flies and termites.
 Humidity:
With high temperatures and humidity, vectors (such as Aedes, Anopheles) live longer. In
low humidity-high temperature places, some vectors (insects) can generate twice a year;
this only takes place once a year in locations with high humidity and low temperatures.
 Precipitation:
Many vector-borne infectious diseases are found to be positively associated with
precipitation, such as mosquitoes. In the period of larval development, rainfall has an
influence on mosquito populations. Excessive precipitation may have catastrophic
impacts on mosquitoes’ eggs and larva. A high O2-content river provides suitable water
conditions for the breeding of mosquitoes and vectors.
 Wind:
Wind conveys insect-borne animal diseases over long distances. Wind speed and
direction influences the distribution of vectors such as anophelles, and the blacklegged
tick can move over 100 km.

1.2.7.2

Emerging Infectious Disease (EID)
The World Health Organization has defined emerging infectious disease (EID) as a new
infectious disease (NID) including new geographical areas that occurred over the last two
decades. The increasing trend will continue in the future. Emerging infectious diseases
include severe acute respiratory syndrome (SARS), avian flu, influenza A H1N1 2009,
and so forth. The WHO has reported these infectious diseases as follows:
 Severe acute respiratory syndrome (SARS)
From 2002-2003, there was an outbreak of SARS in over 30 countries. SARS spreads
and transmits from person to person through sneezing or coughing. The number of
people infected by SARS has been reported as 8099. It took the lives of 774 people. The
fatality rate is 9-10 percent.


Avian flu:

Avian flu has two types of transmission:
 Transmission among animals: chicken, ducks and birds. The first infection
occurred in 2003-2010 and spread throughout 63 countries.
 Transmission from animals to people through direct contact with saliva, mucous
and the feces of infected animals. The outbreak occurred in 15 countries including
Azerbaijan, Bangladesh, Cambodia, the Republic of China, Egypt, Indonesia, Iraq,
Lao PDR, Myanmar, Nigeria, Pakistan, Turkey, Vietnam and Thailand. 504 infected
people have been reported, resulting in 299 deaths.
 Influenza A H1N1 2009:
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The outbreak of influenza A H1N1 took place in 2009 and spread to 136 countries from
2006-2010. The virus can be transmitted through the saliva, mucous and feces of
infected people. From 2009-2010 there were over 622 482 cases of infection worldwide,
resulting in 14 286 deaths.
Some 355 cases of emerging infectious disease occurred over the past 30 years. 60.3
percent of EIDs transmitted from wild animals (zoonotic diseases) to humans, such as
SARS, bird flu and Ebola. The tendency of these diseases has been influenced by
various factors related to the socio-economic situation, environment and ecosystem.
Southern hemisphere areas are the most vulnerable and at the highest risk of EIDs.
1.2.7.3

The outbreak of re-emerging infectious diseases (REIDs)
Re-emerging infectious diseases (REIDs) are diseases that were once major health risks,
that then went down dramatically, but are again becoming health problems for a
significant proportion of the population. REIDs are a major threat to health, society and
economics worldwide. REIDs include malaria, tuberculosis and diphtheria, among others.
Scientists have discovered that REIDs are now able to spread faster than ever before.
Mutations in bacterial genes have generated resistance to antibiotics and multiple other
drugs. REIDs (including malaria and tuberculosis) annually kills around 9 million infants
and children of 17 million infected.
The environmental health study center of Harvard University Medical School stated that
the rising temperature is leading to higher rates of malaria and dengue fever in the
highlands of Africa, Latin America and Asia. Annual temperatures are rising in the tropical
highlands and malaria can spread to people at higher elevations. The impact of ongoing
climate change will be significant. Malaria and dengue fever (Figure 39) will become a
severe threat to both developing and least developed countries, and will require more
resources for treatment and prevention.
Figure 37: Estimate of world population with high risk of malaria in the year (A) 1990 and (B)
2085

A

B

Source: Hales et al. Lancet (online) 6 August 2002
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In addition, according to the WHO’s study on malaria and mosquito-borne diseases.
Showed that Malaria distributes worldwide, and infected patients distributed widely and in
every region except North America, Europe, Russia, and Australia. with the increasing of
temperature of two degree Celsius recently until 2020, malaria could spread worldwide.
As European countries are not a malaria endemic area, they would become a high-risk
area for severe malaria outbreaks.
In Lao PDR, the category of people at high-risk of malaria is expected to decrease until
2070. With a low GHG-emission scenario, the number of people at high danger of malaria
has been estimated to decline by about 1.6 million per year. For a high GHG-emission
scenario, approximately 1.9 million people each year will be at a high risk of malaria
infection.
 Dengue fever
A warming climate creates more mosquito-favourable environments. According to a study
in Yangon and Singapore, the moisture content and rising temperature in the rainy
season provides a conducive environment for Aedes mosquitos. In Lao PDR, the
mortality rate for all dengue fever is 8% and this is a major problem for the health sector.
Severe dengue was recognised in 2006. The dengue rate incidence was 96.9 per
100 000 people in 2006. Some 22 890 cases of dengue were reported in 2010, and in
2013, 44 171 cases of dengue and 95 dengue deaths were confirmed. Dengue fever is
generally reported during the rainy season from May-October, and it mostly occurs in
urban and semi-urban areas. In 2009, many cases of dengue were reported in the rural
areas of Lao PDR. Climate change is causing increasing temperatures and precipitation,
which can influence the distribution of dengue. A 1 °C increase in average temperature
could lead to a rise in the number of dengue cases worldwide.
Studies have also found that the number of dengue cases rises during the rainy season.
The spatial distribution of dengue depends not only on geographical area but also on
average temperature, precipitation and humidity (Figures 40 and 41).
Figure 38: The spread of dengue fever around the world in 2017

Source: International Journal of Infectious Diseases 67 (2018) 25-35
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Figure 39: The relationship between dengue cases and average temperature, humidity and
rainfall (study conducted in Lao PDR in 2010

Source: Climate change and health adaptation strategy in Lao PDR, Final Report 2011,
WHO and MoH
 Malaria fever
Based on WHO’s 2014 publication on malaria fever in Lao PDR, 31% of the population
live in areas with a high-risk of malaria, 61% stay in low-risk areas, and 7% live in
malaria-free zones. One malaria case per 1000 people has been reported in the high-risk
areas, and 0-1 case per 1000 people in the low-risk areas. Malaria is caused by
Plasmodium parasites (P. falciparum and P. vivax). P. falciparum accounted for 62% of
malaria cases and P. vivax for 38% of malaria cases in Lao PDR, where a policy and
strategy for malaria control and prevention is in place. By 2070, people’s risk of malaria is
expected to decrease. However, malaria is still a major health problem in Lao PDR as it
can cause illness and death, and some 70% of the population is still at risk.
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Figure 40: The distribution of malaria (Plasmodium falciparum and Plasmodium vivax) in
2010

Source: Malaria mapping: understanding the global endemicity of Falciparum and Vivax
malaria, BMC Med 2015
 Other diseases
In Lao PDR, climate change can influence other vector-borne diseases such as the Zika
virus, chikungunya, and Japanese encephalitis.

41

Figure 41: Endemicity of the Zika virus around the world in 2017; Figure 44: Endemicity of
chikungunya in 2017

Source: International Journal of Infectious Diseases 67 (2018) 25–35)
1.2.7.4

Waterborne diseases
Extreme environments and climate change are two main causes of waterborne diseases.
Diarrheal diseases are a leading cause of death in children under the age of five
worldwide, and commonly occur after flood events. In Lao PDR, due to a combination of
sanitation practices and climate projections (precipitation and temperature), diarrheal
disease is expected to increase. According to the WHO and MoH ‘Climate Change and
Health Adaptation Strategy Report in Lao PDR, 2011’, diarrheal disease often occurs in
the dry season, whereas food poisoning (Figure 45) and typhoid fever are high in the
rainy season.
According to a case study carried out in Lao PDR in 2010, amoebic dysentery is linked to
the average temperature. Hepatitis is linked to humidity in the northern part of the country
(Figure 43). This study found that typhoid fever is high during the rainy season, and is
linked to the average temperature, rainfall and humidity (Figure 47).
Figure 42:The link between food poisoning and the average temperature, humidity and
rainfall (case study in Lao PDR in 2010)

42

Figure 43: The link between hepatitis and the average temperature, humidity and rain
volume (case study in Lao PDR in 2010)

Figure 44: The link between typhoid fever and the average temperature, humidity and rainfall
volume (case study in Lao PDR in 2010)

Source: Climate change and health adaptation strategy in Lao PDR, final report 2011,
WHO and MoH
1.2.7.5

Nutrition
Nutrition is the primary public health issue for Lao PDR. Some 43.8 % of children under
five-years of age are classified as stunted, 26.5 % are underweight, and 6 % suffer from
wasting. Climate change impacts such as gains in temperature, changes in precipitation
patterns and alterations in the occurrence of floods and droughts are expected to have a
considerable effect on the farming system (crop yield and food security). This will worsen
Lao PDR’s nutrition status. Furthermore, many studies show the storms could increase
adverse impacts on food security and nutrition. Based on a UNICEF, WHO and World
Bank Assessment conducted in 2017, around 30% of stunted children under five-years of
age live in African and South Asian countries. South Asian countries count the largest
proportion in the world, with 2 out of 5 of stunted children. More than half of all wasted
children were in South Asian countries (Figures 48, 49 and 50). Over the past years,
many countries have achieved good progress in decreasing the Global Hunger Index
(GHI), including Lao PDR. However, these countries were still listed in the serious level of
the GHI severity scale (Figures 51 and 52).
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Figure 45: Regions with stunting rates of children under the age of five that exceed 30%

Figure 46: Number of stunted children under the age of five in 2016

Figure 47: Number of underweight and wasted children under the age of five in 2016

Source: UNICEF, WHO, World Bank Group joint malnutrition estimates, 2017 edition
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Figure 48: Country progress in reducing GHI scores

Figure 49: Hunger level classification for countries (moderate, serious, alarming and
extremely alarming hunger levels) in 2017

Source: UNICEF, WHO, World Bank Group joint malnutrition estimates, 2017 edition.
1.2.7.6

Helminth infection
More than 50% of the Lao population is at risk of helminthic infections. In 2012, only 59%
of the total infected population received treatment. Soil-transmitted helminthiasis (STH) is
generally found in lower income countries. The prevalence of stunting and STH infections
remains a serious matter that affects children . Some studies have found that STH
infection in children during 2000-2002 was 61.9%, while in 2007-2011 it was 71.9%.
Approximately 10 million Lao and Thai people are infected by helminth.
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Recently, helminth infections, including foodborne liver flukes such as Opisthorchis
viverini, Opisthorchis felineus and Clonorchis sinesis, have been overlooked. These
diseases are prone to occur in remote and low socio-economic status areas. The habit of
raw fish consumption contributes to the high level of helminth infection in Lao PDR, in
particularly among the Mekong River communities. These raw fish can lead to hepatitis
diseases.
The study of hepatitis diseases, including schistosomiasis, trichinella and lymphatic
filariasis in Lao PDR, has proven a strong relationship between the production of
cercariae from snails and temperature rise.
1.2.7.7

Women’s and children’s health
Climate change is a serious issue in terms of achieving the Sustainable Development
Goals (SDGs). Extreme weather impedes access to clean water, and therefore influences
diarrhoea outbreaks. Dehydration from diarrhoea can cause death in infants and young
children. The maternal mortality rate in Lao PDR is higher than in other ASEAN countries,
with maternal mortality at 206 per 100 000 live births in 2015. Endemic diseases (malaria
and dengue fever) have a negative impact on women’s health. Global warming has an
impact on the increasing trend of endemic diseases. A study on sickness during
pregnancy has shown that some contagious parasitic diseases have a serious
distribution, such as P. falciparum, Listeria monocytogenes, Hepatitis E virus (HEV), and
influenza virus. P. falciparum and P. vivax infections during pregnancy are a cause of
maternal and infant mortality. In some endemic areas of Lao PDR, malaria infection
during pregnancy is a major cause of low birth weight and maternal anaemia.

1.2.7.8

Respiratory diseases
An increased temperature can cause and aggravate respiratory inflammation. Several
studies conducted worldwide have shown that higher temperatures could increase tree
pollen counts. Exposure to higher amounts of pollen and mould could make people that
do not currently have allergies develop allergic symptoms. This increases the number of
patients visiting hospitals. The drought situation could cause high concentrations of dust,
tree pollen and mould. In Lao PDR, in the 2010-2011 period, aggravated respiratory
inflammation was a major cause of death of patients in hospitals, and 49% of deaths
were children under five years of age. Pneumonia is the leading cause of death in
newborn babies, representing approximately 29% of the total newborn mortality rate.
Three major factors lead to lung inflammation infection: residential indoor pollutants
through the use of biomass (wood, animal dung and crop waste and coal) for cooking,
smoking and foods. There is no clear information on the causes of lung infection or lung
inflammation. However, rhinovirus and the human respiratory syncytial virus (HRSV) are
the main causes of aggravated respiratory inflammation.
The studies pointed out that people living in humid areas may have a high risk of asthma,
pneumonia and respiratory inflammation. Flooding influences moisture and does not only
increase mould, but also impedes and limits people from accessing health services and
facilities.
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Figure 50: Infant mortality rate caused by air pollution in 2012

Source: WHO 2012
1.2.7.9

Mental health
Climate change has direct and indirect impacts on mental illness. The direct effects of
climate change on mental health are that people exposed to climate extremes are at risk
of adverse mental health effects, such as anxiety and high stress. The indirect effects of
climate change on mental health are resettlement, loss of income, and loss of housing.
A study also pointed out that there were associations between hospital admissions for
mental disorders and heatwaves. Heatwaves and excessive heat during work cause
intense stress to workers.
Another key finding of the climate change impact assessment is that drought and crop
failure is linked to farmer suicide (loss of income and financial-related stress). Farmers’
crops dying could impact their livelihoods and the community economy. Prolonged
droughts can also lead to increased migration from rural to urban areas.
In Lao PDR the majority of people are farm related workers and they are exposed to
extreme outdoor heat for long periods of time, which can lead to symptoms of heat stress
and mental illness. Prolonged drought leads to a fall in agriculture production. It can
cause the local economy to shrink through crop shortages, and food prices may increase
due to much higher demand for crops that are limited. If people are unable to afford the
increasing prices during drought conditions, the communities may suffer health problems.
Furthermore, the mental health services in Laos have encountered many difficulties.
There are very few psychologist specialists, nerve experts, general practitioners,
physician’s assistants, and nurses. With limitations in human resources and data of
mental health care with increased mental illness cases, mental health is becoming a
serious issue. In addition, droughts and flooding are also leading to rising numbers of
mental illness patients due to depression after losing housing, jobs, and the relocation of
families.

1.2.7.10 Heatwaves
A heatwave is a period of time during which the weather is much hotter than usual, and
the air mass of an excessively high temperature covers an extended area for two or more
days. A heatwave is unlike flood or storm disasters, but it can cause serious effects on
people’s physical health (heat stroke and heat stress), especially in urban areas. The
temperature is hotter than average for the region in a heat wave. The frequency, severity
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and length of heat waves are increasing. They generally occur in summer. There are two
types of heat wave:
 Accumulation heat waves: these occur in windless areas with dry air, where solid
surfaces have absorbed and accumulated heat for a long time. A heat wave can occur
in an area with a temperature of 38-41 °C with no wind for 3-6 consecutive days. The
accumulation of heat will create the heat wave. Heat waves usually occur in regions of
India, Africa and North America.
 Migrated heat waves: these involve a movement of hot air from the desert. They
usually occur in Europe, North America, Southern Canada, England and
Mediterranean regions.
There is no international standard definition of heat wave. However, it always involves the
heat index (HI), which is different depending on the country:
 The United States: Heat waves occur when the daily maximum and minimum
temperatures exceed 40.6 °C and 26.7 °C respectively for more than two consecutive
days.
 In Dallas, Texas, of the United States: Heat waves occur when the daily maximum
temperatures exceed 37.8 °C for more than three consecutive days. For Northern
European countries, including the Netherlands and neighbouring countries of Belgium,
Denmark and Luxemburg, heat waves occur when the daily maximum temperature
exceeds 37.8 °C for more than five consecutive days.
 The United Kingdom: A period of at least five consecutive days with daily maximum
temperatures and humidity reaching or exceeding 32 °C and 60% respectively.
 Thailand: If the daily maximum temperature is from 35-39 °C, it is called a hot day. If
the daily maximum temperature exceeds 40 °C, it is called an extremely hot day.
The heat index is a measure of how hot it feels when relative humidity is factored in with
the actual air temperature. This is shown in the table below:
Table 3: Level of danger of heat wave based on heat index by the National Oceanic and
Atmospheric Administration (NOAA)
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The table above illustrates that when the temperature meets or exceeds 32 °C over
a period of at least five consecutive days and humidity meets or exceeds 80%, the heat
wave is classified as an extreme danger.
Figure 51: Deaths caused by heat disasters in some countries since 1975-2000

Source: EM-DAT (2008)
In Lao PDR, with a high GHG-emission concentration scenario, the number of days
experiencing a heat wave would increase from 10 days in 1990 to 170 days in 2100. This
could cause more deaths of elderly people (older than 65), with 72 per 100 000 people in
2080, whereas in 1961-1990, this figure was only 3 per 100 000 people. For a low GHGemission concentration scenario, there would be 50 days facing heatwaves, and related
deaths of elderly people would be 15 per 100 000 in 2080.
Heatwaves can cause human health problems such as heat stress, heat stroke and
respiratory diseases. Children and older people, outdoor labour workers and inflammation
patients are vulnerable to heatwaves.

1.2.8 Social and economic effects
Climate change has not only affected the environment but also social and economic
stability across the world. Climate change will affect agricultural yields and production, for
example, the loss of agricultural land due to natural disasters, and the changing of sea
ecology systems which affects fishery activities. Developing countries and poorer
countries will suffer most from the impacts of climate change due to a lack of knowledge,
experience, and technology as well as the ability to adapt.
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1.3 Lesson 3: Climate change in the 21st century
Objective:
Participants are able to:
 Understand the issue of greenhouse gas
 Understand the influence of human activity on the concentration of gases in the
st
atmosphere in the 21 century
Climate change and global warming are a worldwide challenge in the 21st century. Every
country will face the impacts of climate change and global warming and this will affect all
aspects of countries’ development. Global warming issues have required the cooperation
of all sectors and people to provide suitable policies and strategies. Such policies and
strategies should provide a set of responses and adaptation measures to cope with
climate change as well as reach the Sustainable Development Goals.

1.3.1 The status of greenhouse gas
Both external and internal factors influence climate change. The influence of external
factors can be explained by radiative forcing which is affected by the increased amount of
GHGs. Greenhouse gases cause the world to accumulate heat energy on the earth’s
surface and in the atmosphere, which has a major impact on climate change. According
to IPCC’s report, the global heat energy which is the direct effect of greenhouse emission
2
creates the radiative forcing of around 2.45 w/km . On the other hand, the indirect impact
2
from the O3 on global radiative forcing was about 0.5 w/km , thus the GHGs directly and
indirectly has the high rate of impact than other factors related to aerosols (Figure 55).
Figure 52: Factors affecting the earth’s surface temperature from 1750-2000
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Concentrations of GHGs that are a major factor of global warming include:
1.3.1.1

Carbon dioxide (CO2)
CO2 is the most abundant gas. The concentration of CO 2 in the atmosphere has
increased by 31% since 1750. Over the last 20 years, the rate of increase has been 1.5
ppm (0.4%) per year. Three-fourths of CO2 comes from burning fossil fuel and changes in
land-use, especially deforestation. Half of CO2 from human activity can be used for the
photosynthesis of crops and sea plants. The amount of CO2 for the photosynthesis of
plants is greater than CO 2 emissions from deforestation over the last decades (the
1990s). The concentration of CO2 over the last decades was 360ppm, and radiative
forcing was 1.46 W/m2.
Methane (CH4)
CH4 is the second most abundant gas quantity. The concentration of CH 4 has increased
to 1,060 ppb (151%) and is continuing to increase. Around 50 % of CH4 comes from
burning fossil fuel, livestock farming, paddy fields and waste disposal. Carbon monoxide
(CO) emission is another source of increasing CH 4. The radiative forcing of methane is
2
approximately 0.48 W/m , and its global warming potential (GWP) is 25 times that of CO2.

1.3.1.2

Nitrous oxide (N2O)
N2O is the third most abundant gas quantity. The concentration of N2O has increased by
46 ppb (17%) and is continuing to increase. Significant amounts of N2O come from
agricultural soil improvement, crop plantation and chemical industries. The radiative
forcing of N2O is 0.15 W/m2, and its GWP is 310 times that of CO2.

1.3.1.3

Chlorofluorocarbons (CFCs)
Chlorofluorocarbons (CFCs) cause ozone (O3) depletion. CFCs have been considered
greenhouse gases since 1995. The concentration of halocarbon (CFCl3 and CF2Cl2) has
decreased thanks to the Montreal protocol. This protocol is intended to reduce these
gases by promoting alternative ones (CHF2Cl and CH3CH2F). Perfluorocarbon (PFC)
and Sulphur hexafluoride (SF6) have also been introduced, however these gases are still
GHGs and are increasing more today. The radiative forcing of PFC and SF6 is about 0.34
W/m2, and their GWP is higher than that of CO2, depending on the halocarbon
compound.

1.3.1.4

Ozone (O3)
Based on observations, ozone (O3) in the atmosphere has both positive and negative
impacts on global warming. From 1979-2000, O3 in the stratosphere layer creates the
opposite results with the effect of the negative radiative forcing in the area O3 (0.15W/m2). But the O3 in the troposphere layer has increased by 36% since 1975, and
the radiative forcing of O3 in this layer is 0.35 W/m2.

52

Figure 53: Factors affecting earth’s surface temperature

Source: Climate change 2001, The Scientific Basis. Contribution of Working Group 1 to
rd
the 3 Assessment Report of IPCC

1.3.2

Climate change in the 21st century
Based on IPCC projections on climate change in the future, humans will continue to be a
major cause of GHG concentration in the atmosphere throughout the 21st century .

1.3.2.1

Greenhouse gases (GHGs)
The emission of CO2 from burning fossil fuel is the main cause of its concentration in the
atmosphere. In 2100, the concentration of CO2 has been projected to increase from 540
to 970 ppm. Land-use change is expected to be a solution to reduce CO2 emissions;
st
reforestation, for example, should reduce CO2 by around 40-70 ppm. In the 21 century,
CH4 may decrease to 190 ppb or increase to 1970 ppb. N 2O may increase by about 38144 ppb, O3 in the troposphere layer may decrease by 12% or increase by 62%, and
changes in chlorofluorocarbons, perfluoromethane and sulfur hexafluoride will depend on
th
the amounts produced in the 20 century. GHG emissions should therefore be controlled
st
and lower in the 21 century than today.

1.3.2.2

Aerosols
An aerosol is a colloidal suspension of particles (solid or liquid particles) dispersed in air
or gas. The diameter of aerosols is 10-100 micrometres. Aerosols’ lifetime is 7 days.
These particles float in the air as a half solvent and semi-suspension similar to colloids.
Aerosols can be identified as:
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 dust: solid particles from volcanic explosions,





smut: particles remaining from incomplete combustion,
smoke: solid particles from combustion or exhaust pipes,
fog: liquid particles that float in the air,
dust from industrial factor

Natural aerosols and anthropogenic aerosols
It is obvious today that pollution emissions from human activity (economic and industrial
development) over the last 150 years are causing the world’s climate system to change.
The burning of fossil fuels and biomass, deforestation and transportation have increased
the world’s temperature by about 0.6 °C. To explain the cause of the increasing
temperature, scientists have focused on GHGs (30% increase since 1850). However, the
projected trend of increasing temperature based on climate models would not be realistic
if we only considered GHGs. Therefore, over the last 20 years, scientists have focused
more on aerosols, which have both positive and negative impacts on climate change. An
IPCC report (2007) states that with regard to factors influencing climate change, we have
limited knowledge on aerosols. The effect of aerosols on the climate system is still
unpredictable in terms of all system components that lead to global warming.
Aerosols from human activity come from burning biomass and burning fossil fuels to run
machines in factories. Aerosols’ key components and physical properties are different.
For example, aerosols from burning biomass will be organic carbon (OC), whose
radiative forcing could be about 90%. Aerosols from burning fossil fuels mainly contain
black carbon (BC), which absorbs the sun’s energy at a rate of approximately 50%. The
amount of aerosols produced depends on socio-economic development. Aerosols have
significant direct and indirect influences on balancing the energy of the climate system.
Aerosols directly absorb some of the sun’s energy, which significantly reduces solar
radiation into the earth. Solar radiation influences water evaporation, evapotranspiration,
photosynthesis and temperature. Based on calculations, organic carbon (OC) can
decrease the temperature while black carbon (BC) can cause an increased temperature
in the atmosphere.
Indirectly, the aerosols will affect clouds because they will contribute to the core of steam
distillation that form the cloud. An increase in aerosols causes more small-water droplets
that are difficult to form rain. Increasing aerosols will therefore decrease the amount of
precipitation.
Based on aerosols’ direct and indirect impacts on the climate system, an increase in
aerosols from socio-economic development activities has effects on the climate system
similar to GHG concentration.
The study of aerosols is more complex and complicated than that of GHGs due to the
many types of aerosol dispersed over different areas. The lifetime of aerosols is only
seven days whereas CO2 stays in the atmosphere for longer. The study of aerosols
therefore needs to cover all locations, and requires different types of dataset such as the
detection of aerosol particles, solar radiation depletion, and the physical properties of
aerosols based on satellite and ground survey data.
According to the IPCC Special Report on Emission Scenarios (SRES), the concentration
of aerosols (sulfate aerosols, biomass aerosols, black and organic carbon aerosols) in
the atmosphere comes from burning fossil fuels. Enforcement of the law on pollution
control would reduce aerosols in the atmosphere.
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1.3.2.3

Radiative forcing
The properties or potential of impacts on the climate system is usually called radiative
2
forcing, and it is measured in watts per square meter (W/m ). If the radiative forcing value
is positive, it means increasing energy or warmer temperatures; if it is negative it means a
loss of energy or cooler temperature.
Based on the IPCC Special Report on Emission Scenarios (SRES), there will be an
st
increasing trend of radiative forcing caused by GHGs in the 21 century. The main GHG
emissions are CO2 and water vapour, representing approximately 50%.

1.3.2.4

Projection of natural climate change
Based on studies and data collection on environmental change, this latter has been
th
affected by climate change which began in the second half of the 20 century. The
st
projected changes in the 21 century will be based on climate models and observed data.
 The maximum temperature will increase.
 Hot days will occur throughout the world.
 The minimum temperature will increase, and cool days and very cold days will
decrease throughout the world
 Gaps or spaces between the maximum and minimum temperature will decrease
 Heat indicators (combination of temperature and relative humidity that affect human
comfort) will increase
 Rainfall and the intensity of rainfall will increase
 The dry season will influence many places and cause high risks of drought
 Tropical storms will be more intense and frequent. These storms will also bring a lot of
rain.
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1.4 Lesson 4: Greenhouse gas mitigation and climate
change adaptation
Objectives:
The participants understand:
1
2
3
4
5
6
7

The United Nations Framework Convention on Climate Change (UNFCCC)
The Kyoto Protocol (KP)
The Vienna Convention and Montreal Protocol
The International Panel for Climate Change (IPCC)
The reduction of chlorofluorocarbons (CFCs) and hydrofluorocarbons (HFCs)
The Carbon Footprint for Organisation and Corporate Carbon Footprint (CCF)
Lao PDR’s climate change strategy

1.4.1 The United Nations Framework Convention on Climate Change
(UNFCCC)
The United Nations Framework Convention on Climate Change (UNFCCC) is an
international convention aiming to solve climate change related issues and to prevent
their impacts on humanity. UNFCCC also covers and identifies the implementation and
cooperation on climate change with the key elements as follow:
 Raising awareness on human activities contributing to the significantly increasing
greenhouse gas levels in the atmosphere. The greenhouse effect has caused more
severe heat energy due to higher levels of GHG concentration. The temperature on
the earth’s surface as well as in the atmosphere is warmer, which affects ecosystems
and humans.
 The major sources of greenhouse gas emissions are from developed countries. GHG
emission per capita in developing countries is still low but is significantly increasing to
meet the demands of socio-economic development.
 Climate change has become a global challenge and requires participation from all
countries to appropriately and efficiently tackle the issue, with ‘common but
differentiated responsibilities’.
 The UNFCCC’s objective is to achieve, in accordance with its relevant provisions, the
stabilisation of GHG concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system.
The UNFCCC states that the parties should consider sharing responsibility for climate
change in accordance with their common but differentiated responsibilities. The important
content can be summarised as follows:
 Formulate, implement, publish and regularly update national and, where appropriate,
regional programmes containing measures to mitigate climate change by addressing
anthropogenic emission by sources and removals by sinks of all greenhouse gases
not controlled by the Montreal Protocol, and measures to facilitate adequate
adaptation to climate change;
 Promote and cooperate in the development, application and diffusion, including
transfer, of technologies, practices and processes that control, reduce or prevent
anthropogenic emissions of greenhouse gases not controlled by the Montreal Protocol
in all relevant sectors, including the energy, transport, industry, agriculture, forestry
and waste management sectors;
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 Promote sustainable management, and cooperate in the conservation and
enhancement, as appropriate, of sinks and reservoirs of all greenhouse gases not
controlled by the Montreal Protocol, including biomass, forests and oceans as well as
other terrestrial, coastal and marine ecosystems;
 Cooperate in preparing for adaptation to the impacts of climate change; develop and
elaborate appropriate and integrated plans for coastal zone management, water
resources and agriculture, and for the protection and rehabilitation of areas,
particularly in Africa, affected by drought and desertification, as well as floods;
 Take climate change considerations into account and integrate feasible actions into
the relevant social, economic and environmental policies and actions, and apply
appropriated methods, for example impact assessments, formulated and determined
nationally, with a view to minimising adverse effects on the economy, on public health
and on the quality of the environment, of projects or measures undertaken to mitigate
or adapt to climate change;
 Promote and cooperate in scientific, technological, technical, socio-economic and
others research, as well as the systematic observation and development of data
archives related to the climate system and intended to further understanding and to
reduce or eliminate the remaining uncertainties regarding the causes, effects,
magnitude and timing of climate change and the economic and social consequences
of various response strategies;
 Promote and cooperate in the full, open and prompt exchange of relevant scientific,
technological, technical, socio-economic and legal information related to the climate
system and climate change, and to the economic and social consequences of various
response strategies;
 Promote and cooperate in education, training and public awareness related to climate
change and encourage the widest participation in this process, including that of nongovernmental organizations;
The developed countries and other parties included in Annex I have committed
themselves as follows:
 Each of these Parties shall adopt national policies and take corresponding measures
on the mitigation of climate change, by limiting its anthropogenic emissions of
greenhouse gases and protecting and enhancing its greenhouse gas sinks and
reservoirs. These policies and measures will demonstrate that developed countries
are taking the lead in modifying longer-term trends in anthropogenic emissions
consistent with the objective of the Convention, recognising that the return by the end
of the present decade to earlier levels of anthropogenic emissions of carbon dioxide
and other greenhouse gases not controlled by the Montreal Protocol would contribute
to such modification, and taking into account the differences in these Parties' starting
points and approaches, economic structures and resource bases, the need to
maintain strong and sustainable economic growth, available technologies and other
individual circumstances, as well as the need for equitable and appropriate
contributions by each of these Parties to the global effort regarding that objective.
These Parties may implement such policies and measures jointly with other Parties
and may assist other Parties in contributing to the achievement of the objective of the
Convention and, in particular, that of this subparagraph;
 Each of these Parties shall communicate, within six months of the entry into force of
the Convention for it and periodically thereafter, detailed information on its policies
and measures as well as on its resulting projected anthropogenic emissions by
sources and removals by sinks of greenhouse gases not controlled by the Montreal
Protocol for the period 1983-2010, with the aim of returning individually or jointly to
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their 1990 levels these anthropogenic emissions of carbon dioxide and other
greenhouse gases not controlled by the Montreal Protocol. This information will be
reviewed by the Conference of the Parties, at its first session and periodically
thereafter.
 Calculations of emissions by sources and removals by sinks of greenhouse gases
should take into account the best available scientific knowledge, including of the
effective capacity of sinks and the respective contributions of such gases to climate
change.
 Signatories to the UNFCCC are divided into three groups: the Annex I parties, the
Annex II parties, and Non Annex I parties
Table 4: Countries in Annex I (under the UNFCCC excluding the Kyoto Protocol)
Australia

Greece

Romania

Austria

Hungary

Russian Federation

Belarus

Iceland

Slovakia

Belgium

Ireland

Slovenia

Bulgaria

Italy

Spain

Canada

Japan

Sweden

Croatia

Latvia

Switzerland

Czech Republic

Liechtenstein

Turkey

Denmark

Lithuania

Ukraine

Estonia

Luxembourg

United Kingdom of Great Britain and
Northern Ireland

European Community

Monaco

United States of America

Finland

Netherlands

France

New Zealand

Germany

Norway

Portugal

Poland

Source: UNFCCC website
(http://unfccc.int/parties_and_observers/parties/annex_i/items/2774.php )

1.4.2

Kyoto Protocol
In 1930, scientists started to become concerned about the increase of greenhouse gases
emissions from human activities into the atmosphere and the high concentration of GHGs
that would cause global warming. The United Nations Environment Programme (UNEP)
and World Meteorological Organization (WMO) established the Intergovernmental Panel
on Climate Change (IPCC) in 1988 with the main objectives of preparing a
comprehensive review and recommendations with respect to the state of knowledge of
the science of climate change and potential response strategies on climate change.
In 1990, IPCC published its First Assessment Report (FAR). It highlighted that human
nd
activities were influencing the climate system. In the same year, the 2 climate
conference was held. Since then, climate change has been considered a global concern.
From that starting point, there have been many international conferences on restricting
climate change and preventing its impacts on humans. The UNFCCC was endorsed on 4
May 1992 at the United Nations headquarters, New York, USA. More than 150 countries
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ratified the Convention prior to the United Nations Conference on Environment and
Development (UNCED), or Earth Summit, in June 1992 in Rio de Janeiro, Brazil.
Since the UNFCCC entered into force, the Conference of the Parties (COP) is held
rd
annually. The Kyoto Protocol (KP) was adopted at the 3 COP, in Kyoto, Japan. As at 11
December 1997, the Protocol agrees as follows:
 Each party included in Annex 1 shall implement and/or further elaborate policies and
measures in accordance with its national circumstances, such as:
 Enhancement of energy efficiency in relevant sectors of the national economy;
protection and enhancement of sinks and reservoirs of greenhouse gases not
controlled by the Montreal Protocol, taking into account its commitments under
relevant international environmental agreements; promotion of sustainable forest
management practices, afforestation and reforestation;
 Promotion of sustainable forms of agriculture in light of climate change
considerations;
 Research on, and promotion, development and increased use of, new and
renewable forms of energy, of carbon dioxide sequestration technologies and of
advanced and innovative environmentally sound technologies;
 Progressive reduction or phasing out of market imperfections, in all greenhouse
gas emitting sectors that run counter to the objective of the Convention;
 Encouragement of appropriate reforms in relevant sectors aimed at promoting
policies and measures which limit or reduce emissions of greenhouse gases not
controlled by the Montreal Protocol;
 Measures to limit and/or reduce emissions of greenhouse gases not controlled by
the Montreal Protocol in the transport sector; and limitation and/or reduction of
methane emissions through recovery and use in waste management, as well as in
the production, transport and distribution of energy;
 The Parties included in Annex I shall pursue limitation or reduction of emissions of
greenhouse gases not controlled by the Montreal Protocol from aviation and marine
bunker fuels, working through the International Civil Aviation Organization (ICAO) and
the International Maritime Organization (IMO), respectively.
 The Parties included in Annex I shall, individually or jointly, ensure that their aggregate
anthropogenic carbon dioxide equivalent emissions of the greenhouse gases listed in
Annex A do not exceed their assigned amounts with a view to reducing their overall
emissions of such gases by at least 5 per cent below 1990 levels in the commitment
period 2008 to 2012.
 Each Party shall incorporate in its annual inventory of anthropogenic emissions
sources and removals of greenhouse gases not controlled by the Montreal Protocol,
and both GHG emission mitigation and climate change adaptation measures.
 There are three types of mechanism under the Kyoto Protocol that party countries can
be involved in: Joint Implementation (JI), the Clean Development Mechanism (CDM)
and Emission Trading (ET). All Kyoto Protocol mechanisms are to reduce the cost of
GHG emission reduction as set out in Annex 1, and described below:
 Joint Implementation (JI): defined in Article 6 of the Kyoto Protocol, allows a
country in Annex 1 to join developers to implement GHG emission reduction
projects as an additional activity to their business-as-usual. The implementers earn
Emission Reduction Units (ERUs) for GHG credits that can be counted under the
KP.
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 Clean Development Mechanism (CDM): defined in Article 12 of the Protocol, this
allows Annex 1 and Non-Annex 1 countries to implement an emission-reduction
project in developing countries as an additional activity to their business-as-usual,
and to assist Non-Annex 1 countries to achieve the SDGs. Such projects can earn
saleable certified emission reduction (CER) credits which can be counted under
the KP.
 Emission Trading (ET) as defined in Article 17 of the Protocol, ET involves trading
GHG emission reduction certificates of the countries in Annex 1 have received in
which such certificate is called the Assigned Amount Unit (AAU).
 This Protocol shall enter into force within 40 days of the date on which not less than
55 parties sign to the Convention, which account in total for at least 55 % of the total
carbon dioxide emissions for 1990 of the parties included in Annex 1. Today 175
parties have ratified the KP. Lao PDR ratified it in 2003. Lao PDR is not included in
the Annex 1 countries and implements CDM projects.

1.4.3

Vienna Convention and Montreal Protocol
Scientists have found that synthetic substances such as chlorofluorocarbons (CFCs) are
the key factor in ozone depletion in the stratosphere layer. Ultraviolet B can reach the
earth’s surface more, a kind of radiation that can be a danger to living beings as well as
cause changes to the ecosystem and climate system. The Vienna Convention for the
Protection of the Ozone Layer in 1985 was adopted by the parties for the protection of the
ozone layer and the Montreal Protocol on Substances that Deplete the Ozone Layer was
agreed in 1987. These treaties are international laws to resolve environmental issues,
especially with regard to the ozone layer that has been seriously damaged.
The Montreal Protocol on Substances that Deplete the Ozone Layer and amendment
protocol defined measures to control, reduce or terminate any ozone-depleting
substances such as:
 A trade ban on ozone-depleting synthetic substances for party members and nonparty members.
 A list of controls, quantities and duration of withdrawal in activities for each member
country
There are two types of country member: the countries in Article 5 (a developing country
whose annual calculated level of consumption of the controlled substances in Annex A is
less than 0.3 kilograms per capita per year) and non- countries in Article 5.
The Multilateral Fund for the Implementation of the Montreal Protocol (the Multilateral
Fund) is a financial assistance and technology mechanism for industrial to developing
countries to help them phase out the production and consumption of ozone depleting
substances. The Multilateral Fund referred to under Article 5 contributes to the fund in the
framework of the United Nations Environment Programme (UNEP) and there will be the
executive committee which composes of five representatives from the country listed in
Article 5 and 7 representatives from other countries that are not listed under Article 5.
The executive committee will consider the proposals from country members via four
agencies, namely UNIDO, UNEP, UNDP and the World Bank.
There are numerous ozone-depleting substances, with the most well-known being
chlorofluorocarbons (CFCs), cheap synthetic substances not directly harmful to users and
easy to keep. CFCs have thus been taken up rapidly, especially in the industrial sectors,
with for instance:
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 CFC-11: A foam blowing agent, used for fridge insulation, and aerosol spray can
solvent.
 CFC-12: Widely used in air conditioners for automobiles, fridges, large central air
conditioner systems and aerosol spray can solvents.
 CFC-115: Widely used in cold rooms for freezing food
 There are also other ozone depleting substances, such as:
 1.1.1.1-TCA: Used for cleaning metal and electronic circuits
 Halon: Used in fire extinction
 Methyl Bromide: Used to control pests in agriculture and shipping such as rice and
orchids

1.4.4

International Panel for Climate Change (IPCC)
Most countries in the world face disaster risks from climate change. A major measure is
GHG emission mitigation, especially carbon dioxide which represents a massive
proportion of GHGs. The IPCC has cooperated with many countries to look for ways to
prevent climate change. The core objectives are to stabilise the amount and
concentration level of GHGs. The options and measures for CO2 mitigation include:

1.4.4.1

CO2 mitigation in the transport sector
The transport sector is that which consumes the most fossil fuel. The sustainable
development of transport towards low carbon is a long-term solution for climate change.
A group of developing countries have formed a group to implement the CDM and this will
efficiently reduce the amount of CO2.

1.4.4.2

Low carbon technology
With regard to climate change prevention, low carbon technology is a mitigation
approach. Government policies and strategies and the development of suitable
mechanisms are needed for low carbon societies. This could include, for instance, the
development of technology to capture and store carbon in the soil to support industrial
sectors, which release significant amounts of CO2, to use more green, clean
environmentally-friendly technologies.
Carbon capture and storage technology can capture CO2 from the beginning, such as in
electrical power plants, and store it underground using industrial petroleum engineering
techniques. This technology can help reduce CO2 concentrations in the atmosphere,
while fossil fuel dependent countries can still use petrol, coal and natural gas in their
socio-economic development. Developed countries are interested in using this
technology. Britain, for example, has installed carbon capture and storage technology in a
large electrical power plant construction. Carbon capture and storage technology is an
excellent solution for CO2 mitigation.

1.4.4.3

Renewable energy
Another climate change mitigation measure is renewable energy. Renewable energy is
an alternative energy source in which many countries are interested. In 2010, more than
100 countries had developed a policy to increase the share of renewable energy up to
15- 20% of total energy consumption by 2020. Renewable energy is clean and
environmentally-friendly. The main sources of renewable energy are: solar, hydroelectric,
wind power and biomass. However, the limitation of renewable energy is its costly
installation. Support and subsidies from the government and private firms are thus
needed to enable everyone to access alternative energy sources .
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1.4.5

Chlorofluorocarbon (CFC) and hydrofluorocarbon (HFC)
emission reduction
Reducing the use of CFCs and HFCs will stop or slow down ozone-depletion as well as
global warming. The GWP of CFCs and HFCs is about 1000-2000 times that of CO2. The
party countries to the Montreal Protocol have agreed to reduce both CFCs and HFCs in
accordance with the Montreal Protocol until 2030 for developed countries and 2040 for
developing countries.

1.4.6 Carbon Footprint for Organizations or Corporate Carbon
Footprint (CCF)
The Carbon Footprint for Organizations is another policy option for governments or
private agencies to show the amount of GHG emissions into the atmosphere. With this
policy, the management of GHG emissions is more efficient at the manufacturing,
industrial sector and country levels. The carbon footprint uses the same formulas for
calculating GHG emissions. The carbon footprint unit is one ton of CO2 equivalent. In the
future, organisations will be able to estimate GHG emissions from their activities,
including the causes of GHG emission. As a result, they could develop better guidelines
on carbon footprint reduction and efficient GHG emission reduction .

1.4.7 Lao PDR’s climate change strategy
Lao PDR joined the global community by ratifying the United Nations Framework
Convention on Climate Change (UNFCCC) in 1995 and the Kyoto Protocol in 2003. A
series of legal and regulatory frameworks, institutional arrangement and specific
strategies designed to ensure ecological sustainability have been put in place.
This strategy’s objective is to outline the approach for the government of Lao PDR to
th
mainstream climate change into the 7 National Socio-Economic Development Plan and
build climate resilience into critical sectors of economic development and poverty
reduction, by involving its people and in partnership with the international community.
This document begins by outlining the country’s vision, goals and guiding principles and
details of the key strategic priorities for adaptation and mitigation .
1.4.7.1

Objectives and strategic directions for addressing climate change in Lao PDR
 Vision
To ensure that in the future, Lao PDR is capable of mitigating and adapting to changing
climatic conditions in a way that promotes sustainable economic development, reduces
poverty, protects public health and safety, enhances the quality of Lao PDR’s natural
environment, and advances the quality of life for all Lao people.
 Goals
 Reinforce the Sustainable Development Goals of Lao PDR, including measures to
achieve low-carbon economic growth;
 Increase the resilience of key sectors of the national economy and natural
resources to climate change and its impacts;
 Enhance cooperation, strong alliances and partnerships with national stakeholders
and international partners to implement the national development goals;
 Improve public awareness and the understanding of various stakeholders about
climate change, vulnerabilities and impacts, GHG emission sources and their
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relative contributions, and of how climate change will impact the country’s
economy, in order to increase stakeholder willingness to take actions.
1.4.7.2

Guiding Principles







1.4.7.3

Climate change mainstreaming as a core element
International partnerships
Capacity building as a pressing priority
Integrated solutions and co-benefits
Innovative financial instruments
Awareness, education and community participation leading the way

Key strategic priorities – adaptation and mitigation options
Agriculture and food security
 Adaptation options. Aiming to build a long-term climate resilience sector by:
 Mainstreaming climate change into the agricultural sector’s policy, strategies and
action plan by planning and designing future investment programmes (irrigation,
agricultural assets and production systems) that take into account climate
abnormalities and climate change issues, including the enhancement of adaptive
capability for the agricultural sector;
 Enhancing productivity by promoting conservation agriculture (e.g. no-tillage
agriculture), using agricultural biomass to rehabilitate soil quality instead of
burning, developing suitable plant species including climate-resilient and diseaseresilient crop varieties using indigenous knowledge to adapt to climate change at
national and local levels.
 Improving and monitoring water resources and water supply systems, and
rehabilitating flood control systems.
 Strengthening financial instruments and capacity development for farmers,
improving the development of small- and medium-sized farming in rural areas, and
supporting community-based adaptation measures;
 Undertaking country-specific, sector-based research on the vulnerability, impacts
and adaptation options of the agricultural sector in Lao PDR at macro-scale as well
as village level;
 Enhancing information dissemination and extension support to technical staff and
Lao farmers with regard to climate change preparedness and responses;
 Improving cooperation mechanisms among concerned sectors and strengthening
regional and international cooperation;
 Mitigation options:
The main GHG emissions from Lao PDR’s agricultural sector are methane from rice
cultivation, enteric fermentation and manure management, and nitrogen oxide from the
excessive application of chemical fertilisers. The mitigation priorities will include the
following:
 Reducing methane emissions from paddy fields by implementing water
management, soil amendments, organic matter management, different tillage,
rotation, and cultivar selection;
 Reducing methane emissions from enteric fermentation by improving production
efficiency;
 Reducing emissions from livestock manure through balanced feeding, lowering the
N content of animal feed, anaerobic digestion for methane production for use as a
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source of cleaner energy, waste application (dosing and injection), and the
introduction of household-based, community-based and animal farm-based biogas
facilities;
 Promoting new technology transfers such as biogas digesters for electricity and
bio-ethanol production as a means of treating wastewater generated from agroprocessing industries.
Forestry and land-use change
 Adaptation options
 Mainstreaming climate change into policy and forestry management activities;
establishing forest planning and development programmes consistent with the
productivity of forests;
 Seeking and developing plant species tolerant to the increasing pest- and climate
change impacts;
 Strengthening information gathering, modelling of climate change forest dynamics,
and vulnerability assessments;
 Improving forest management system to support rural incomes;
 Providing other appropriate careers or arranging suitable housing for villagers living
close to forests to support climate resilience and adaptation to climate change;
 Enhancing biodiversity conservation and management to ensure sustainability and
prepare for adaptation to climate change.
 Mitigation options
 Stop ‘slash-and-burn’ agriculture through forest management, the afforestation of
degraded forests and reforestation to increase forest cover to 65% by 2015 and
70% by 2020; enhance carbon sinks by making sustainable agriculture land
available and encouraging alternative livelihood opportunities such as eco-tourism,
non-timber forest products and handicrafts;
 Reducing off-site burning by providing alternative fuels for forest dependent
communities, such as biogas, small hydro, energy-saving stoves, use of harvest
residues, and community-based, fuel-wood plantations;
 Reducing forest fires by setting regulations and the necessary measures to
intercept and stop forest fires, and providing awareness-raising and training to
villagers on the harmful effects of forest fires and fire prevention;
 Integrated forest management including forest-food production systems, the use of
non-timber forest products (NTFP) and community-based forest management;
 Effectively mapping and planning land-use for different purposes over the mediumand long-terms to minimise the issue of land encroachment into national protected
areas;
 Pursuing carbon market opportunities and the early introduction of pragmatic,
flexible mechanisms, particularly REDD-plus (reduced emissions from
deforestation and forest degradation, plus conservation in developing countries) by
implementing more reforestation and afforestation programmes.
Water resources
 Adaptation options
 Given the growing importance of the hydropower industry in Lao PDR’s socioeconomic development, it is urgent to assess the industry’s vulnerability to climate
change effects;
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 Developing climate change scenarios for river basins, which can be used to
simulate future river flows, using hydrological models adjusted to reflect the results
of global and regional climate models; the impacts of climate change on river bank
erosion, hydropower structures and production could thus be projected and
adaptation strategies formulated;
 Developing reliable early warning systems to reduce the disaster impacts of floods
and manage drought risks;
 Downscaling climate and hydrological models to a watershed level, ensuring
greater access to climate and hydrological data;
 Integrating climate change measures into current risk management strategies and
planning processes;
 Planning and design criteria for hydropower structures, which need to be robust to
withstand changes in climate; designing hydropower dams and reservoirs so as to
accommodate the potential changes in water levels as a result of climate change.
Energy and transport
 Adaptation options
 Incorporating a range of possible climate change effects into transportation
investment decisions and management strategies;
 Developing long-range transportation plans and investment strategies that are
sufficiently robust to accommodate unanticipated future events;
 Identification of at-risk critical infrastructure, monitoring of conditions (both climate
and infrastructure), changes in operation and maintenance practices, changes in
infrastructure design and redesign, and relocation of vulnerable infrastructure.
 Mitigation options
 Electrification: reaching the target of 70% by 2010 and 90% by 2020, as set in the
National Growth and Poverty Reduction Strategy (NGPRS);
 Renewable energy: accelerating the development of renewable energy sources
such as solar, wind and hydropower, including mini-hydro, household use,
institution and/or community-based, especially for remote communities;
 Cleaner energy, by making use of coal-bed methane and coalmine methane, and
seeking cleaner technologies for the development of the country’s abundant lignite
resources;
 Energy efficiency and savings, by introducing energy-efficient lighting and
appliances, and energy-efficient buildings;
 Low-carbon transport, by promoting the use of alternate energy-operated motor
vehicles, including cars and motorcycles, and pursuing environmentallysustainable transport strategies;
 Improving public awareness on energy saving by implementing initiatives such as
Car Free Day, Earth Day and World Environment Day; and
 Seeking opportunities under the CDM or other flexible, pragmatic financing
mechanisms to develop climate-friendly renewable resources, including
hydropower (such as mini-hydro), biogas, solar, coal-bed and coal-mine methane,
non-emission transport, and energy-efficient lighting and buildings.
Industry
 Adaptation options
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 Access to clean energy technology and clean production technology with an
emphasis on SME.
 Mitigation options
 Improving energy efficiency during the production process;
 Reducing wood waste by enhancing furniture manufacturing skills;
 Promoting the use of waste biomass or agricultural residues to produce renewable
energy or thermal energy for drying and heating products through combustion,
gasification or pyrolysis;
Urban development
 Adaptation options
 Developing climate-proofed urban environmental development plans;
 Formulation of climate-proofing in line with the climate change policy and action
plan;
 Conducting climate change risk audits for each of the key infrastructure services, to
identify climate vulnerability; climate-proofing the most vulnerable existing
infrastructure to protect the current assets;
 Building storm surge barriers for wastewater treatment plants and landfills; and
 Developing new design criteria for infrastructure that reflect non-stationary
hydrologic processes.
 Mitigation options
 Reduction of GHG emissions from the solid waste sector in Lao PDR by applying
the 3Rs (reduce, reuse and recycle);
 Upgrading solid waste collection services for full coverage of the major urban
centres and neighbourhoods, so as to avoid GHG releases from open burning and
decomposition;
 Building recycling facilities in order to reduce the amount of waste to be disposed
in landfills.
 Composting organic content to manufacture organic fertilizers;
 Effectively managing sewage sludge removed from domestic septic tanks and
slurry removed from waste treatment plants;
 Constructing new landfill facilities that can capture methane; if financially viable,
retrofitting existing landfills;
 Promoting environmental sustainable urban development, integrating the issues of
waste management, low carbon transportation; and
 Encouraging the participation of the private sector and international partners in
GHG emission reduction from waste under the CDM and other financing
mechanisms.
Public health
The National Strategy for Adaptation to the Public Health Sector for Climate Change has
been developed in accordance with the work plan for the World Health Organisation's
Operational Framework for Building Climate Resilient Health Systems (2015), which
consists of 6 strategic directions and 10 components:
 Strategic direction 1: Leadership and Governance
 Component 1: Leadership and Governance
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The strategic direction is to set up Public Health Adaptation Committees on climate
change and identify roles and responsibilities, as well as coordination mechanisms,
from central to local levels, and collaborate with the relevant departments to deal
with potentially harmful health risks from climate change.
 Strategic direction 2: Organisational and staff capacity strengthening
 Component 2: Organisational and staff capacity strengthening
This strategic direction is to strengthen the organisation and capacity building,
skills and experience of staff at each level to provide adequate knowledge,
including adequate staffing to prepare and respond to emergencies, especially in
vulnerable communities, ready to respond to climate change by themselves.
 Strategic direction 3: Health information systems
 Component 3: Vulnerability, capacity and adaptation assessment
This component involves a range of assessments that will determine the impact of
the assessment used to generate evidence on the size and nature of health risk
assessments and identify the most vulnerable populations, taking into account the
local climate and health conditions.
 Component 4: The integration of a risk monitoring and early warning system
This component means that the overview creation of health risks with clear and
credible information, which can be used to design a pre-warning system to predict
and warn health workers and the public that emergencies occur rapidly, such as
severe weather or epidemics associated with the expected climate.
 Component 5: Health and climate research
This component is the basis of resilience to climate change, which requires basic
research and the use of research results to determine if the local environment may
be affected by climate change and to understand local problem-solving and local
capacities as well as decisions based on evidence
 Strategic direction 4: Climate resilient and sustainable technologies and infrastructure
 Component 6: Resilience to climate change and the sustainability of technology
and infrastructures
This component states that to establish a health system that is resilient to climate
change, it is imperative to provide protection and treatment products such as
vaccines for diseases that are susceptible to climate change, to provide services
and basic infrastructure that are resilient to climate change, and to provide new
technology and effective solutions to mitigate vulnerability to climate change within
and outside the health sector.
 Strategic direction 5: Service delivery
 Component 7: Management of environmental determinants of health
This component indicates that the impact of climate change on health increases
illness and mortality associated with the environment. Primary health care,
including action to improve health and environmental impacts, should begin with
reviewing and improving the legislation, policies, measures and standards of all
relevant sectors.
 Component 8: Climate-informed health programmes
This component explains that in addition to working with relevant departments, the
health sector is directly responsible for programmes or projects related to health
risks from climate change, such as vector-borne diseases, waterborne diseases,
malnutrition, etc.
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 Component 9: Emergency preparedness and management
The outbreak of disease and emergencies affecting health are the main problems
caused by climate change. Preparedness plans for climate change and emergency
and disaster management are essential for resilience to climate change. The public
health and community system must thus take control of health risk management
and focus more on preparedness than regular response.
 Strategic direction 6: Climate and health financing
 Component 10: Climate and health financing
Effective health protection from the impacts of climate change requires financial
sources for implementation, such financial sources may be derived from the
government, international organisations, and community. These should be in line
with the 2017-2025 Strategic Direction and the four-year Implementation Plan
(2017-2020) that have been agreed by all relevant agencies.
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2 CHAPTER 2: ROLES AND
RESPONSIBILITIES OF THE HEALTH
SECTOR ON CLIMATE CHANGE
MITIGATION AND ADAPTATION
2.1 Lesson 5: Health Co-Benefits
Objectives:
The participants will understand:
 Climate change mitigation measures, especially for the transport sector
 Climate change mitigation measures for buildings or housing
‘Health co-benefit’ is a term to describe a positive benefit to health due to the
implementation of a policy, strategy, action plan or activity to promote a conducive
environment to combat climate change such as planning on traveling and transport,
parks and bicycle lanes. Adaptation measures will bring health co-benefits as well as
reduce direct and indirect of health risks.

2.1.1 Climate change mitigation measures on transport will support
health co-benefits, as listed below:
Benefits from changing travel by private car to walking, cycling or public transport will
reduce the risks of:





cardiovascular disease,
respiratory disease,
accidents and traffic injuries,
noise from vehicles causing stress.

In addition, travelling using our own energy will increase the physical

exercise of all

persons, reducing the risk of:
 some types of cancers,
 diabetes,
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 heart disease.

2.1.2 Climate change mitigation measures for buildings or housing
are listed below:
Building or housing design places more emphasis on natural air flow (ventilation design);
exchanging the air of buildings or housing with outside air will reduce the risks of:





airborne infections: tuberculosis,
allergic diseases such as fungi or moisture,
directly touching pollutants from houses’ decoration and finishes, such as lead paint,
bacteria or germs from air conditioners such as legionella.

In areas with outdoor air pollution, air filters should be used to reduce air pollution in
houses

2.1.3 Activities to reduce GHG emissions in buildings or housing:
 Turn off the power and all electrical appliances when not in use; turn off the lights
when leaving a room, select standard electrical appliances.
 Set air conditioning at 25 °C, which is suitable for humans. Close doors and windows
when air conditioning is on to reduce energy consumption.
 Plant trees around buildings or houses as a large tree can cool down air similar to the
capacity of up to 12,000 BTU of an air conditioner. Planting trees shades buildings
and houses, which will help air conditioners. In addition, growing grass or trees will
help reducing heat and adding moisture to the soil, and these will keep the building
cool and decrease the use of air conditioner within the building or houses.
 Use energy-saving lightbulbs.
 Use light colours to paint buildings or houses to help reflect the brightness inside the
building.

2.1.4 Activities to reduce GHG emissions in transport
 Ensure regular maintenance of vehicles.
 Use alternative fuels such as biofuels or diesel rather than benzene.
 Adjustment of/Introduce discount tickets to encourage people to use public transport
more.
 Promote less use of private cars by using public transport or cycling or walking
instead.
 Improve urban master plans by adding safe walkways or bicycle lanes to encourage
people to walk or cycle rather than using their private cars.
 Promote public transport covering the whole city to make commuting convenient.
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2.2 Lesson 6: Building GREEN hospitals by carbon
footprint

Objectives:
The participants will understand:














What GREEN is
What a carbon footprint (CF) is
Types of carbon footprint
Carbon labels
The amount of carbon footprint
The calculation of carbon footprint
Global warming potential (GWP)
The benefits of carbon footprint
The carbon footprint of public health service facilities to GHG emission reduction
Steps and procedures of carbon footprint in the public health services facilities
Determining the carbon footprint reduction target for public health service facilities
GHG emission reduction actions
The GHG emission reduction report

Climate change holds an important place in the Sustainable Development Goals (SDGs)
and is an important global trend. Greenhouse gas emission is the root cause of climate
change.
Figure 54: Climate action is an important goal of the 17 SDGs

Source: SDGs
According to the World Resources Institute, in 2012 there were 44 815,54 million
tonnes of GHG emissions. It can be compared that one tonne of carbon dioxide is equal
to a ball with a side of 10.07 meter, and there are around 44 million of such ball in the
global atmosphere.
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Figure 55: One tonne of CO2 is equal to a 10.07 m ball

Source: Manthana Tangnirun. Greenhouse Gase Report for Sustainable Business
Development
The GHG concentration is currently 400 ppm. If it rises above 450 ppm the world
temperature will increase by 2 °C. More than 60% of GHGs are from fossil fuels (petrol,
coals) and cutting down and burning forests. This latter reduces the carbon sink as
carbon is absorbed from the atmosphere through photosynthesis and then deposited in
the biomass of trees or forests. Carbon is released into the air when trees or forests are
burned.
The GHG emission derives from daily human activities, production cycle as well as from
other routine works. The key factor is efficient management of GHG emissions reduction
and it has to be measurable. The carbon footprint is used to measure GHG emissions.
Global warming is a worldwide concern for all parties. Public health facilities such as
hospitals and health centres are important places to prevent, control and cure disease.
Every day many people use these health facilities where a variety of activities are carried
out. Many of these activities involve energy and fuel consumption, such as electricity-use,
the commutes of hospital staff, patients and their relatives, communication and the
transportation of hospital equipment. Health services also generate waste (wastewater
and solid waste), for example food waste from patients, canteens, restaurants, excreta
from hospital staff, patients and patients’ relatives, and chemical waste from patients’
diagnoses and treatment, for instance anaesthetic agents that contain nitrous oxide, a
GHG with a high GWP. The health sector should therefore cooperate to reduce global
warming through the implementation of environmentally-friendly projects or activities,
such as turning on the power only when necessary, turning off computers when not in
use, using devices with energy-saving symbols, creating policies to reduce, reuse and
recycle waste, etc.

2.2.1 The GREEN principle
What is GREEN? GREEN consists of:
G: Garbage: refers to garbage management using the three Rs principle (reduce,
reuse and recycle).
R: Restroom: refers to public toilet or restroom management in accordance with
Healthiness, Accessibility and Safety (HAS) toilet standards, including promoting
proper toilet and bathroom behaviour.
E: Energy: is to reduce energy consumption and use alternative energy sources
(biofuel, biomass); it is necessary to coordinate and reduce energy consumption to
save resources.
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E: Environment: refers to environmental management (reducing global warming) and
health promotion
N: Nutrition: refers to the promotion of food safety as well as the use of organic food
and products from neighboring communities in order to decrease the use of chemical
fertilizers.
The key to reducing global warming caused by health facilities is to reduce GHG
emissions, starting with the survey and calculation of those generated by said facilities.
This information should be used as a guideline to select appropriate measures for each
hospital or facility to reduce GHG emissions. Reducing global warming caused by a
health facility begins by determining the amount of GHG emissions, from which
department and from which activity. This data should be used as a guideline to make an
action plan for GHG emission reduction. The carbon footprint should be used as a
calculation tool.
What is the carbon footprint (CF)?
The carbon footprint is the amount of CO2 emission, including other greenhouse gases in
the life cycle of products, services and organisational processes. The CF is measured in
units or tons of CO2 equivalent.
There are three types of CF:
The carbon footprint of humans:
Related to people’s daily lives, including traveling, living at home, working and eating
(Figure 58), all of which cause GHG emissions.
Figure 56: Carbon footprint of humans (daily life)

Source: daily life of carbon footprint
The carbon footprint of products:
Calculates the amount of GHG emissions throughout the product lifecycle, from the raw
material to transportation and processing, in terms of carbon dioxide equivalent (CO2eq).
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Figure 57: Product life cycle

Source: Phukkhamon Souphubphun. Increasing competitiveness with the footprint label

Raw materials

Producing/

Transport/Distribute

processing

1. Business to Business: B2B

2. Business to Consumer: B2C

Source: Phukkhamon Souphubphun. Increasing capacity for footprint label competition
The carbon footprint of organisations:
This notion refers to the amount of GHG emissions from all activities across an
organisation or agency such as a hospital or school, whether through direct or indirect
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release. For example electricity usage in the organisation or in the supply chain process.
By collecting all greenhouse gas emissions, the carbon footprint of organisations is
calculated in carbon dioxide equivalent (CO2eq).
Figure 58: Organisation

Source: Phukkhamon Souphubphun. Increasing capacity for footprint label competition
2.2.1.1

Carbon label
The carbon label shows information on the carbon footprint or GHG emissions from an
organisation’s products, services or work processes in CO2eq. The carbon label may
show:
 Low carbon seal
 Carbon rating
 Carbon score
Today many countries are seriously concerned about global warming and try to raise
people’s awareness about its causes, and carbon label has been developed. The Carbon
Trust organisation is a private, British firm that was established by the government. There
are more than 1,000 products has sealed carbon label. The carbon label is used in
France, Switzerland, Germany, the USA, Canada, Japan, South Korea and China (Figure
63)
Figure 59: A carbon label product sample

Source: University of Washington. Conservation
Figure 60: Carbon label samples in various countries

Source: Guidelines on the carbon footprint of a Thailand organisation assessment October 2015.
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Figure 61: Carbon footprint in the world

Source: Phukkhamon Souphubphun. Increasing competitiveness with the
footprint label
2.2.1.2

The amount of carbon footprint
The GHG emissions from the activities of public health facilities will be accounted for to
calculate their carbon footprint in accordance with the GHG Protocol, which divides the
emissions into three scopes:
 Scope 1 - Direct emission: all direct GHG emissions by an organisation’s activities,
such as fuel combustion, boilers, machines, travel with the organisation’s vehicles.
 Scope 2 – Indirect emissions: indirect GHG emissions from an organisation’s activities
such as the consumption of purchased electricity.
 Scope 3 – Other indirect emissions: other indirect emissions from an organisation’s
activities not owned or controlled by the organisation. This emission scope is excluded
from Scope 1 and Scope 2, for example the production of purchased materials,
transport and travel using other agencies’ vehicles, outsourcing for waste disposal,
etc.
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Figure 62: Scopes of the GHG Protocol

Source: eauc, 2012
When calculating the amount of GHG emissions of an organisation, the most important
factor is to avoid double-counting activities related to other organisations. The scope of
emissions must be clearly defined, as mentioned above.
2.2.1.3

Carbon footprint calculation
The GHG emissions calculation needs to have two sets of data:
 Activity data of health facilities: this is primary data illustrated in specific units, such as
electricity power units (kilowatt hour, kwh), solid waste units (kilogram, kg) or (ton, T);
 The emission factor, it contains specific value that lead to greenhouse gas emissions,
it has been set by several agencies in order to be used with appropriate.
 GHG emission calculation formula:

Activity data X Emission factor = CO2 emission

The GHG emissions calculation, the primary data must be converted into the form of the
amount of GHG emission then multiply with the value of emission factors of types of
material, energy or it process, after that multiply with the global warming potential value to
convert the final value into the form of CO2 equivalent.
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2.2.1.4

Global warming potential (GWP)
GHG emissions or GWP can be assessed by measuring or calculating the amount of
each GHG then converting these amounts into CO2 equivalent using the value of GWP in
the 100-year cycle of IPCC as standard.
Example: Methane which has the GWP100 value for 25, this means that the GWP of a
kilogram of methane is 25 times of the CO2 equivalent.
The carbon footprint amount of products will indicate three digits such as 2.15 grams,

150 kg, etc. and the carbon footprint of an organization will be illustrated in CO2
equivalent, such as 50 kg CO2eq/year, 20 ton CO2eq/year.
In calculating of the GHG emissions derived from the activities of public health facilities,
activity data and emission factors that are essential information for calculating GHG
emissions in hospitals, health centres, and other health services, are set out in Annex 1.
2.2.1.5

Benefits of carbon footprint
Many countries are seriously concerned about global warming and want to have lowcarbon societies. The carbon footprint and carbon label are therefore key mechanisms
that should be considered for health facilities.
 Producers
 Carbon footprint analysis shows the amount of GHG emissions in each stage of
the product life cycle.
 Carbon footprint analysis results help us to identify key issues and priority needs
for improvement, including product design that take into account the environment
as well as the production life cycle, in developing low carbon products.
 The carbon label demonstrates commitment to the environment and society. It also
fulfils the needs of the consumer to contribute to solving the global warming issue.
 Public health facilities
 Carbon footprint analysis can be used to show the sources and amount of GHG
emissions in health facilities.
 Carbon footprint data can be used to make decisions on managing and improving
efficiency in reducing GHG emissions.
 Receiving a carbon label provides a good image of health service facilities,
showing responsibility towards the environment and society.
 Increase Business Opportunities (private hospitals).
 Providing alternative options for service users who want to participate in reducing
global warming and climate change.
 Consumers and users
 By determining GHG emissions, the relationship between them and daily life can
be identified.
 Increasing the understanding which leads to behaviour change in product
consumption, selecting products which have a carbon label to contribute to
reducing global warming.
The carbon footprint is thus a tool to stimulate producers, services and organisations to
actively reduce global warming. In addition, it also builds users’ capacity to understand
and have a choice in reducing GHG emissions.
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2.2.1.6

The influence of carbon footprint on GHG emission reduction in health service
facilities
The carbon footprint is a tool to measure GHG emissions. The calculation of the carbon
footprint of health services facilities will thus show the amount of GHG emissions, from
which department and from which activity. This information is very important for the
efficiency of the GHG emission reduction guidelines and plans of health service facilities
Example: Hospital A begins data collection on solid waste management for the
calculation of the carbon footprint. The hospital generates 100 000 kg of solid waste per
year without solid waste sorting. The urban development authority takes and brings
garbage to the landfill which is approximately 5 km from the hospital.
Solid waste management in hospital A generates a carbon footprint as follows:
 Formula:

CO2 emission = Activity data X Emission factor

 CO2 emission = CO2 from solid waste disposal + CO2 from traveling to the landfill
= (100 000 kg X 0.8421 kgCO2/kg)  (100 000kg/1000kg X 5 km X 0.0494 kgCO2/ton-km)
= 84 210 kgCO2  24.7 kgCO2
= 84 234.7 kgCO2
= 84.2 tonCO2
If hospital A sorts wet garbage from solid waste around 20 000 kg and makes fertilizer
from that waste:
CO2 emission = CO2 from solid waste disposal + CO2 from traveling to the landfill + CO2
from fertilizer
= (100 000kg X 0.8421kgCO2/kg) + (100 000kg/1000kg X 5 km X 0.0494 kgCO2/ton-km)
+ (20 000kg X 0.8421kgCO2/kg) + (20 000kg X 0.093kgCO2/kg)
= 67 388 kgCO2  3,540 kgCO2
= 70 928 kgCO2
= 70.9 tonCO2
The data shows that when hospital A separates wet waste from general waste, it can
reduce greenhouse gas emissions by 13 306 kgCO2 or 13.3 tonCO2, and can use the
fertilizer to plant trees, reducing chemical use. Moreover, if hospital A separates recycled
waste from general wasted, it can reduced the amount of GHG emissions further.
In addition, the carbon footprint is also used to plan travel, selecting different types of
vehicles that use different fuel, as each type of fuel has a different carbon footprint. This
also includes product options such as purchasing lamps, energy-saving appliances and
other products that may help reduce carbon footprint.
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To reducing greenhouse gas emissions, it is important to take into account the carbon
footprint in supporting the decision-making, prioritizing the activities to be undertaken,
which will impact the success of global warming reduction efforts.
2.2.1.7

Steps and procedures to implement carbon footprint activities in health service
facilities
 Convincing all people in health services facilities, especially managers and staff, to
see the importance and cooperate on GHG emission reduction.
To efficiently and effectively reduce the carbon footprint in health service facilities, it is
necessary to obtain cooperation from all parties, as follows:







The managers have strong support by clearly setting up policies and targets
on GHG emission reduction, and officially informing all staff. Managers and high
level staff should be a good example on GHG emission reduction.
Preparing budgets and other resources such as materials, tools and appliances.
Assigning responsibility.
Full support from everyone for implementation.
Developing a communication system among staff, patients and communities to
understand and cooperate on GHG emission reductions.

 Learning and carrying out carbon footprint surveys in health service facilities, selecting
assessment methods and defining the scope by implementing a CO2 inventory.
A CO2 inventory in a hospital involves collecting the sources of carbon dioxide
emissions and other GHGs of the hospital, including the type and quantity, to
understand the directions to be taken and information needed for other GHG emission
reduction plans in the hospital:
 Organisational boundaries: Determine the location, area and sub-units of the
hospitals that need to reduce carbon dioxide and other GHG emissions by setting
operation controls, managing finances, or dividing the property, i.e. selecting units
under the supervision of the hospital's work including service buildings, offices,
staff residences, laundry departments, food halls, etc. This should not include units
over which the hospital does not have ownership or the power to perform work,
such as colleges, shops, etc.
 Operational boundaries for the inventory: Identify tasks or activities that emit
carbon dioxide and other GHGs such as traveling, fuel-uses, waste management,
chemical use, etc.
The CO2 inventory should define a suitable framework to monitor CO2 and other GHG
sources. These data should be reasonable and verifiable:
1) Direct emission (Scope 1): direct GHG emission from an organisation’s activities:
-

Fuel for vehicles (cars used for professional reasons)

-

Gas for cooking

-

Solid waste management, namely: incineration units, landfill units (including
infected waste) and fertiliser and biogas from waste. Waste sorted for recycling
and animal waste is not included in the GHG emission calculation.

-

Wastewater management has two aspects:
o
o

Aerobic wastewater treatment: activated sludge (AS):
Ventilation wastewater treatment: septic tank
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o

o
o

Faecal sludge management (solid waste in septic tank): if the hospital has a
wastewater management system, the GHG emissions from the septic tank
will be counted in the wastewater management system.
Chemicals in operating rooms such as SF6, CO2, anaesthetic agents
(nitrous Oxide, isoflurane, desflurane, sevoflurane).
Use of chemical fertiliser: if this involves composting fertiliser or biofermented water, the CO2 emissions will be calculated as they will be
calculated during the waste composting process.

2) Indirect emission (Scope 2): this involves indirect GHG emissions from energy use
and consumption, and will calculate CO2 emissions from the organisation’s power
consumption.
3) Other indirect emissions (Scope 3): this involves other indirect emissions from an
organisation’s activities that are not owned or controlled by the organisation itself.
-

The hiring of a private firm or urban authority to manage hospital waste (including
infected waste) by incineration or landfill. The CO2 emissions will be generated
from two procedures: solid waste transport and incineration or landfill processes.

-

Travel by air, calculated in accordance with the flight distance, which is divided
into three stages, with each stage causing different GHG emissions.

-

Car rental (related to office work)

-

Water supply consumption.

 Base year and learning how to find data to calculate the carbon footprint in health
services facilities
 Base year
Determining the goal for reducing emissions of carbon dioxide and other greenhouse
gases requires reliable data over the past year, covering the required range of scope. If
there is no such information, the health service facility can begin to collect data for the
first year, as a base. The objective of determining the base year is to set the basic
information to compare results after implementing the set plan reduce emissions of
carbon dioxide and other greenhouse gases. Therefore, the emission factors in the base
year and the year to be used for comparison should be similar. And when there is
changing of emission factors and causes of emission, the base year has to be adjusted
accordingly to such change.


Activity data

Identifying of activities of collecting data for calculating the amount of carbon footprint by
carrying out all activities set out in each scope, then collect the data for calculation of
carbon dioxide emissions. The important data to calculate the carbon footprint of
hospitals includes:
-

Organisation structure details

-

Activity data, as mentioned above, defining:
o Clear measurement units, such as electricity (kilowatt hour or kwh), petrol
(litre or l), travel (kilometres or km), etc.
o Data should be collected actively and often; and clearly define how the
record was made, approach, frequency, level of details of information
collection such as information regarding fuel refill, the amount of waste,
electrical logbooks, chemical logbooks, etc.
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o

There will be available a reasonable estimation approach, if there is missing
observed data
 Emission factor (EF)
There should be a reasonable adjustment in some occasion. Many agencies develop
their own EF, so it is necessary to refer to the EF source. EF values vary depending on

the GHG emission, for example, the EF of electricity generation from coal is greater than
that of gas. For travel, the EF depends on the fuel and efficiency of that fuel, so suitable
EF should be selected for travel.
 Calculating carbon footprint in health services facilities
Formula:

CO2 emission = activity data X emission factor

The calculation should be separated for each scope. This would be practical, for
example, to track the progress of GHG emission mitigation plans on traveling for
professional purposes using a company car. The activity data would be the amount of
fuel for traveling multiplied by the EF. By calculating the carbon footprint for each activity
and summarising the results, the amount of GHG emissions of the hospital for the given
year can be determined.
Example of carbon footprint calculation
Example 1: Hospital B generates 100 kg of solid waste per day and the hospital disposes
of the solid waste itself. The calculation of GHG emissions in the hospital is:
 Activity data: 100 kg
 EF: 0.8421 kgCO2/kg
 CO2 emissions: 100 kg X 0.8421 kgCO2/kg = 84.21 kgCO2
Therefore, Hospital B generates GHG emissions into the atmosphere from its 100 kg of
solid waste amounting to 84.21 kgCO2 per day.
Example 2: Hospital C has four vehicles. In January 2018, this hospital used 1750 litres
of diesel. How much GHG does this hospital produce from diesel?
 Activity data: 1750 L
 EF: 3.0 kgCO2eq/L
 CO2 emission: 1,750 L X 3.0 kgCO2eq/L = 5,250 kgCO2eq = 5.25 tonCO2eq
Therefore, Hospital C generates GHG emissions into the atmosphere from 1,750 litres of
diesel totalling 5.25 tonCO2eq per month.
Example 3: In October 2017, a health centre in Et district, Huaphanh province, used
around 500 kWh of electricity power for its activities. How much CO2 did this health centre
produce from its electricity use?
 Activity data: 500 kWh
 EF: 0.5610 kgCO2eq/ kWh
 CO2 emission: 500 kg X 0.5610 kgCO2e/ kWh = 280.5 kgCO2eq
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Therefore, in October 2017, from using electricity, this health centre generated GHG
emissions into the atmosphere totalling 280.5 kgCO2eq.
Example 4: The staff of a private hospital took a flight to work in September 2017. At
500 km per flight, with 6 flights, the total flight distance was 3000 km. How much GHG
was produced by the private hospital staff due to this travel?
 Activity data: 3000 km
 EF: 0.13 kgCO2eq/ km
 CO2 emission: 3000 kg X 0.13 kgCO2eq/km = 390 kgCO2eq
The GHG emissions into the atmosphere generated by this private hospital from traveling
by plane in September 2017 was therefore 390 kgCO2eq.
Example 5: Hospital D generates about 10,000 kg of solid waste per year, and some of
this solid waste is disposed of by the hospital’s incineration technology which runs 24
hours, twice a week. The rest of the solid waste is disposed of by an urban development
authority hired by the hospital. The distance from the hospital to the landfill is 20 km. How
much GHG does Hospital D produce from its solid waste?
According to the EF table, these greenhouse gases are CH4 and N2O; a separate
calculation is therefore needed to sum up all the results.








Activity data: 10 000 kg 0.01 Gg
EF: 6 kgCH4/ Gg
CO2 emission: 0.01 Gg X 6 CH4/ Gg = 0.06 X 25 GWP100 = 1.5 kgCO2eq
And
Activity data: 10000 kg 10 ton
EF: 41 gN2O/ ton
CO2 emission: 10 ton X 41 gN2O/ ton = 410 gN2O/ ton X 289 GWP100 = 118,49 gN2O
= 118.49 kgCO2eq

CO2 emission from transporting the solid waste to the landfill:
 Activity data: 10 ton X 20 km = 200 ton-km
 EF: 0.0494 kgCO2e/ton-km
 CO2 emission: 200 ton-km X 0.0494 kgCO2eq/ton-km = 9.88 kgCO2eq
Total CO2 emission: 1.5 kgCO2eq  118.49 kgCO2eq  9.88 kgCO2eq = 129.87 kgCO2eq
Therefore, from 10,000 kg of solid waste, Hospital D generates GHG emissions into the
atmosphere (incineration of solid waste and transfer of the solid waste to the landfill)
amounting to 129.87 kgCO2eq per year.
2.2.1.8

Determining the targets for reducing the carbon footprint of public health service
facilities
In determining the goals for reducing the carbon footprint of health service facilities, it is
necessary to determine the base year to be used as basic information to compare the
reduction in the carbon footprint and to the extent that it is likely to decrease. The goals of
reducing greenhouse gas emissions in health service facilities have two characteristics:
 Overall goal: the target of reducing GHG emissions without taking into account the
development or the changes in working processes of the hospital, but only
determining the target to be achieved in reducing the GHG emission?
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 Goal per unit: the target of reducing GHG emissions by considering growth or change
in hospital work by focusing on units. By way of example:
 In a hospital, there were 80 staff in the base year, with a total carbon footprint
calculation of 1552 tonCO2eq, and a targeted reduction of the carbon footprint a year
later to 7.0% less than the base year, and an increase to 125 workers resulting in a
total carbon footprint equivalent to 2000 tonCO2eq.
Table 5: Example of carbon footprint reduction target in health service facilities
Targets
Year

Staff (persons)
Overall

Per person

Base year

80

1552 tonCO2e

19.4 tonCO2e

Next year

125

2000 tonCO2e

16.0 tonCO2e

increase 448 tonCO2e
(22.4% increase)

Decrease 3.4 tonCO2e

Result

(17.5% decrease)

From the above example, this hospital has not been successful in reducing the carbon
footprint of the overall goal, but in terms of the goal per unit, it could reduce the carbon
footprint by 17.5%. The goal for reducing the carbon footprint can be set for more than
one year, for the goal of the first year to the final year is called the interim target, while the
final goal is called Final target.
2.2.1.9

Greenhouse gas emission reduction actions
The World Health Organisation has defined the seven elements of a climate-friendly
hospital:






Energy efficiency
Green building design – constructing a suitable building for reduced energy
Alternative energy generation – producing and/or consuming renewable energy
Transportation – using alternative fuels for hospital vehicles
Food – promoting/providing locally grown food to avoid transporting food from far
away
 Waste – reducing unnecessary waste, reusing, recycling, composting, trying to avoid
open-burning of waste through appropriate waste management solutions
 Water – conserving water
In addition, the health sector can run GREEN hospitals, which is an efficient GHG
emission reduction activity.
2.2.1.10 The greenhouse gas emission reduction report
The most important factors are accuracy, completeness and reliability. Greenhouse gas
emission reduction reports consist of:


The main component:
 GHG emission units are reported in kilogram of carbon dioxide or tonnes of carbon
dioxide equivalent (kgCO2eq or tonCO2eq), mentioning the time unit such as 540
kilograms of carbon dioxide equivalent per year (540 kgCO2eq/year) or 0.54 tonnes
of carbon dioxide equivalent per year (0.54 tonCO2eq).
 Each Scope is reported on separately and shows the total summary of GHG
emissions of the hospital.
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 The results of the implementation of GHG emission reduction measures/plans
should be demonstrated and compared with the carbon footprint of the base year.
 Additional components:
 Explanation of the carbon footprint calculation approach as well as reference
documents.
 Introduction of the results of implementation work at each stage of GHG emission
 Introduction of other information related to GHG emissions.
The results of GHG emissions should be compared yearly. The data of the year
compared and the base year should cover the same activity data and implementing
period. This is a very important condition. For example: Hospital A has carbon footprint
calculation results for three years (2015, 2016 and 2017) as shown in the table below.
Table 6: Results of GHG emissions from 2015-2017
Activity

2015

2016

2017

Electricity

10 kgCO2eq

9 kgCO2eq

8 kgCO2eq

Fuels

10 kgCO2eq

9 kgCO2eq

8 kgCO2eq

Solid waste management

10 kgCO2eq

9 kgCO2eq

8 kgCO2eq

9 kgCO2eq

8 kgCO2eq

Cooking
Anaesthetic

8 kgCO2eq

Total

30 kgCO2eq

36 kgCO2eq

40 kgCO2eq

Table summary:
 In 2015, GHG emissions is 30 kgCO2eq
 In 2016, GHG emissions is 27 kgCO2eq, reducing by 3 kgCO2eq
 In 2017, the GHG emission is 24 kgCO2eq, reducing by 6 kgCO2eq
If comparing the base year (2016) with another year (2017), activities 1, 2, 3 and 4 should
be included (electricity, fuels, solid waste management and cooking). The results of this
comparison would be:
 in 2016, the overall amount of GHG emissions is 36 kgCO2eq
 in 2017, the overall amount of GHG emissions is 32 kgCO2eq, decreasing by 4
kgCO2eq.

2.3 Annex 1: Hospital/health centre carbon footprint
data collection form
2.3.1 Solid waste management
2.3.1.1

General waste
Disposal
 without burying
 with burying
 burying at the hospital
 burying outside the hospital; distance (from hospital to landfill):

km

 burying approach
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 burying location
 gases from burning waste to generate electricity
 burning of gases from burning waste before those gases emit to the atmosphere
Burying
methods

Monthly garbage weight (kg)
1

2

3

4

5

6

7

8

9

10

11

12

total

Burying at
the hospital
Burying
outside the
hospital

Note: if the garbage weight is unknown, we can estimate its weight based on the number
of garbage bins X unit and the weight of each garbage bins or previous data of the weight
measured in the previous month
Incineration
 with incineration
 without incineration
 incineration in the hospital
 transfer to public incineration; distance (hospital to public incineration):
Incineration

km

Month
1

2

3

4

5

6

7

8

9

10

11

12

total

Garbage
weight (kg)

Open burning
 without open burning
 with open burning
 open burning in the hospital
 transfer to open burning outside the hospital; distance (hospital to open burning
location): km
Open
burning

Month
1

2

3

4

5

6

7

8

9

10

11

12

total

Garbage
weight (kg)

Note: If the garbage weight is unknown, we can estimate its weight based on the number
of garbage bins X unit and the weight of each garbage bin or previous data of the weight
measured in the previous month
2.3.1.2

Organic waste
Composting fertiliser
 without compost fertiliser from organic waste
 with compost fertiliser from organic waste
Garbage
management

Month
1

2

3

4

5

6

7

8

9

10

11

12
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total

Garbage weight
(kg)

Generating gas
 without generating gas from organic waste
 with generating gas from organic waste
Garbage
management

Month
1

2

3

4

5

6

7

8

9

10

11

12

total

Garbage weight (kg)

Note: If the garbage weight is unknown, we can estimate its weight based on the number
of garbage bins X unit and the weight of each garbage bins or previous data of the weight
measured in the previous month.
Others: …………….
Garbage
management

Month
1

2

3

4

5

6

7

8

9

10

11

12

total

Garbage weight
(kg)

2.3.1.3

Infected waste
 without infected waste management
 with infected waste management
 incineration with high temperature (Stroker incinerators)
 sterilised with autoclave
 transfer to destroy infected waste; distance (hospital to landfill):

Disposal of infected
wastes

km

Monthly infected waste weight (kg)
1

2

3

4

5

6

7

8

9

10

11

12

total

Incineration at high
temperature
Sterilised with
autoclave
Transfer to
dispose of infected
wastes

Note: If the garbage weight is unknown, we can estimate it by the number of garbage
bins X the unit weight of the garbage bins or delineate data from the weighted month

2.3.2 Wastewater management
2.3.2.1

Waste water treatment
 without wastewater treatment system
 with wastewater treatment system; if there is a wastewater treatment system, fill in the
table below:
Wastewater
(wastewater in
the system: m3)

Month
1

2

3

4

5

6

7

8

9

10

11

12
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total

BoD before
entry to the
system (mg/L)

2.3.2.2

Faeces management
Management approach
 mixed treatment with wastewater (in case hospital does not collect data)
 separated treatment with wastewater (if hospital collects data)
 Please fill in data in the table below:
Faeces
management

month
1

2

3

4

5

6

7

8

9

10

11

12

total

Staff
Patients

2.3.3 Energy consumption
 without energy consumption
 with energy consumption; please fill in the table below:
Energy
consumption

month
1

2

3

4

5

6

7

8

9

10

11

12

total

7

8

9

10

11

12

total

Cooking gas
(kg)
petroleum (liter)
Diesel
Benzene
LPG
Electricity (kW)
Water supply
(m3)
travel by airplane
Short length (<
452 km)
Medium length
(452-1600 km)
Long length (>
1600 km)

2.3.4 Fertiliser use
 without fertiliser use
 with fertiliser use; please fill in the table below:
Fertiliser uses

month
1

2

3

4

5

6

Nitrogen
fertiliser
Phosphorus
fertiliser
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Potassium
fertiliser
Formula 15-1515 fertiliser
formula 13-1321 fertiliser
Urea fertiliser
Dried chicken
manure
fertiliser
Perennial
plants

2.3.5 Chemical use for medical purposes
 without use of medical chemicals
 with use of medical chemicals; please fill in the table below:
Chemicals
used for
medical
purposes

month
1

2

3

4

5

6

7

8

9

10

11

12

Nitrous Oxide
Sevoflurane
Desflurane
Isoflurane
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total

2.4

Annex 2

Activity

Activity data

Units

Emission
Factor (EF)

General waste/hazardous waste

Waste generated per day

(Kg)

1.3 kgCO2e

The total amount of waste disposed of by
landfill

(Kg)

0.8421
kgCO2e

Stroker incinerators continuously
working 24 hours

The total amount of waste destroyed by
incineration

Gg

6 kgCO2e

ton

0.1 gN2O/ton

2.3 Open burning

The total amount of waste destroyed by
incineration

ton

0.08 gN2O/kg

Community waste management
(general waste/hazardous waste)
2.1 Sanitary landfill: community
sanitary landfill
2.2 Incineration

0.1 gCH4/kg
900 kgCO2e

2.4 Incineration by biological
treatment
Composting fertiliser

Biogas

Amount of composting organic waste for
fertiliser

(Kg)

4 gCH4/kg

Amount of composting organic waste for
fertiliser

(Kg)

0.3 gN2O/kg

Composting organic waste for biogas

(Kg)

1 gCH4/kg

Infectious waste management
3.1 Disposed of by autoclave off-site

Destroyed infected waste

ton

0.243
tonCO2e/ton

3.2 Disposed of using Stroker
incinerators continuously working 24
hours

Destroyed infected waste

Gg

6 KgCH4/Gg

ton

41 gN2O/ton

Ton-km

0.0494
kgCO2e/tonkm

Kg BOD

0.18
KgCH4/Kg
BOD

Kg BOD

0.30
KgCH4/Kg
BOD

Kg BOD

0.42
KgCH4/Kg
BOD

Transfer of waste to be destroyed
outside
If waste is transferred to be
destroyed outside, the health
services facilities shall calculate the
GHG emissions from
thetransportation

Destroyed infected waste
Average distance

Wastewater management
Centralised, aerobic treatment plant

wastewater in the treatment system (L)
average distance

Septic system

wastewater in the treatment system (L)
average distance

Excreta management (faeces and
urine)
If excreta (faeces and urine) is
excluded from wastewater in the
wastewater treatment system

related people
waste generate rate 20 L/capita/day
BOD of wastewater 154.63 mg/L

Energy
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7.1 Electricity

electricity consumption

KWh

0.5610
kgCO2e/KWh

7.2 Water supply

water supply consumption

M

3

0.0264
3
kgCO2e/m

7.3 Cooking gas

gas for cooking

MJ

0.0612
kgCO2e/MJ

Diesel

diesel consumption

L

3.0 kgCO2e/L

Benzene

benzene consumption

L

2.6 kgCO2e/L

LPG

LPG consumption

L

1.8 kgCO2e/L

Jet fuel

fuel consumption

L

2.53
kgCO2e/L

Short length (< 452 km)

distances

Km

0.18
kgCO2e/Km

Medium length (452-1600 km)

distances

Km

0.15
kgCO2e/Km

Long length (> 1600 km)

distances

Km

0.11
kgCO2e/Km

9.1 Nitrous oxide

Nitrous oxide use

Kg

0.296
MTCO2e/Kg

9.2 Isoflurane

Isoflurane use

Kg

0.350
MTCO2e/Kg

9.3 Desflurane

Desflurane use

Kg

0.575
MTCO2e/Kg

9.4 Sevoflurane

Sevoflurane use

Kg

1.526
MTCO2e/Kg

9.5 Alcohol 90

alcohol 90 use

Kg

1.2600
kgCO2e/Kg

Nitrogen fertiliser

fertiliser use

Kg

2.6000
kgCO2e/Kg

Phosphorus fertiliser

fertiliser use

Kg

0.2520
kgCO2e/Kg

Potassium fertiliser

fertiliser use

Kg

0.1600
kgCO2e/Kg

Formula 15-15-15 fertiliser

fertiliser use

Kg

2.0500
kgCO2e/Kg

formula 13-13-21 fertiliser

fertiliser use

Kg

1.8100
kgCO2e/Kg

urea fertiliser

fertiliser use

Kg

5.5300
kgCO2e/Kg

Trees

additional tree planting

tree

< 9 CO2e/1
tree/year

7.4 Petroleum (for travel vehicles)

Travel by airplane

Chemicals

Fertilizer
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