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Combine important names with publications
Fumifugum – John Evelyn
Our Common Future – Gro harlem Brundtland
Silent Spring – Rachel Carson

Task 2
Briefly describe what is meant by the terms:

1. Pollution
Pollution is the introduction of contaminants that inflicts damage to the environment
Pollution can be in the form of dangerous chemicals, noise and heat or light

2. 'Rebound' effect
The reduction in expected gains from new technologies that increase the efficiency of resource use, because of behavioral or other systemic responses
3. Energy Intensity
Measure of energy efficiency. Ratio between overall energy requirements and GDP so that low number indicates good energy efficiency
4. Exergy
The quality of the energy. Energy forms with high exergy can be used to do work before it is transformed to heat (energy with low exergy)

5. Energy Reserves and energy Resources
Energy reserves are energy resources that are possible and economic feasible to recover

Task 3: 
Combine pie chart showing the distribution of primary energy sources with the right connection.
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Task 4
Combine the distribution of energy between different religions in the figures above with the year they pertain to in the table below
1965

1985



2011



Task 5
The graphs show the production of hydropower, wind, solar and geo-thermal over time in different regions.
Combine graph with correct renewable energy source in the table. 
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Task 6
Give a brief account (maximum 8 sentences) of the four main challenges associated with the use of renewable energy sources. Which is the main problem for a country like Germany?
Production cannot be adjusted in relation to consumption.
The energy will be too expensive to produce.
The total environmental impact of harvesting of renewable energy is unclear
The plants take up too much space
Not enough capacity to cover the existing and future demand

Task 7
Describe three physical or chemical effects that dissolved natural organic material (DNOM) has on the environment and the environmental problems it causes. Maximum 6 sentences total.
Increased:
- Mobilization of heavy metals and POP
- Flux of nutrients
- Absorption of light
Effect on
- Increased pollutants (e.g. Hg) in freshwater fish
- Eutrophication
- Changed temperature gradients causing changes to lake stratification
- Changes in Trophic levels

Task 8
Connect chemical substance with site where the accident occurred
Bhopal, India – Methyl isocyanate
Minamata, Japan – Mercury
Seveso, Italy - Dioxin


Task 9
Environmental measures often have unintended effects.
Connect environmental initiatives with appropriate negative side effect
Proliferation of mercury – Energy saving bulbs
Emission of NOx – Diesel cars
Emission of nitramines -  Carbon capture
Increased Eutrophication – Decline in acid rain
Increased acidification – Removal of particles from fluegasses

Task 10
Write briefly (1-6 sentences) about mercury (Hg) as an environmental problem.
Make sure to include the following aspects:
1. How Hg is transported in the environment?
2. Where Hg accumulates in the environment?
3. Why Hg accumulates in this (i.e. answer to Q 2) compartment?
Mercury as 0Hg is long range transported with air masses by global distillation. It continuously condenses and evaporates until it reaches a cold environment where it does not re-evaporate.  The Hg therefore accumulates in cold places, such as the polar regions and in high mountains. Hg species are strongly bound to organic matter.  It therefore also accumulates in the organic rich forest floor horizon and in sediments in the boreal zone. It is washed out with DNOM and is bio-concentrated into the food chain as methyl Hg produced by sulfur reducing bacteria. In living material the methyl-Hg is bound to the SH-groups in proteins and is biomagnified through the food chain. High levels of Hg are therefore found in old and fat fish causing dietary advice. 

Task 11
Errors and defects with potable water and sewage pipelines are causing major problems for sewage treatment facilities and the discharge of pollutants to the environment.
Describe the three major errors. Maximum 6 sentences.
1. Leakage from water production to consumer (42%) into sewage system (2/3)
2. Inflow of storm and drainage water, streams and groundwater. 
3. Losses due to leakages and sewage overflows. This is increasing due to climate change and more impermeable surfaces
This is causing the sewage to be diluted and more difficult to clean as well as capacity problems in the waterworks during storm flow  
Task 12
[image: ]Allocate the chemical parameters below to the correct graph above.
Note the scale on the y-axis in addition to the trend
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Task 13
Combine environmental Challenge with the pollutant that it is mainly related to.
PO4 – Aquatic eutrophication
CO2 – Global warming
SO2 – Smog
Hg – Accumulation in Artic
Parabens – Coctail effect


Task 14
Combine each environmental challenge with the pollutant that it is mainly related to.
SO2 – Soil acidification
CO2 – Marine acidification
Heavy metals – Bioaccumulation
POP - Bioaccumulation



Task 15
Combine compound shown in the sphere model with correct pecticide in the table
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Task 16
Combine name of radiation type with the right figure
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Task 17
Which source of radiation gives, on average, the highest radiation dose to people in Norway (tick one alternative)?
X	Radon
Radiation use in health care
Radioactive contamination
Natural radioactivity in the body
Radiation from space
Natural external radiation from the environment
Select the two sources contributing the least as radiation sources to people in Norway (tick two alternatives).
	Radon
Radiation use in health care
X	Radioactive contamination
Natural radioactivity in the body
X	Radiation from space
Natural external radiation from the environment



Task 18
Compare Chernobyl and the Fukushima accident. Among other things include which of the accidents led to the most damage, which substances and what amount of radioactivity were released, and where in the environment most of the emissions ended up. Maximum 12 sentences.
Answer: 
The cause for the Chernobyl and Fukushima disaster was human error in the former and natural disaster for the latter.
Damage: In almost every respect, the consequences of the Chernobyl accident clearly exceeded those of the Fukushima accident. Releases from the Chernobyl accident also included those radionuclides with very short half‐lives in the range of seconds and minutes that are characterized by enormous specific activities. This led to the massive radiation damage in the so‐called “Red Forest”, where pine trees succumbed due to radiation‐induced destruction of plant tissue in the early aftermath of the accident. The Chernobyl disaster caused widespread dispersion of radioactive nuclides/particles with the wind to major parts of the European mainland, while most of the radioactive particles released at Fukushima was bound in the local area or leached into the sea.
Evacuation at Chernobyl began 3–11 days after the accident, which was already late for parts of the affected population. Both the highly contaminated areas and the evacuated areas are smaller around Fukushima and the projected health effects in Japan are significantly lower than after the Chernobyl accident. In contrast to Chernobyl, no fatalities due to acute radiation effects occurred in Fukushima. 

Which substances:  In both accidents, most of the radioactivity released was due to volatile radionuclides (noble gases, iodine, cesium, tellurium). The most obvious difference between both accidents is the presence or absence of refractory elements such as plutonium or semi‐volatile 90Sr in the environment samples. Many reports on semi‐volatile 103,106Ru and refractory radionuclides (95Zr, 140La, 141,144Ce, etc.) in air and other media have been published after Chernobyl, but hardly any after Fukushima. Even reports on radionuclides of semi‐volatile elements such as Strontium from Fukushima are still rare

Amount of radioactive material released:
○ Chernobyl: 5300 PBq (excluding noble gases) was released
○ Fukushima: 520 PBq.
However, the amount of refractory elements (including actinides) emitted in the course of the Chernobyl accident was approximately four orders of magnitude higher than during the Fukushima accident 
Where: In the Fukushima accident the majority of the radionuclides (more than 80%) was transported offshore and deposited in the Pacific Ocean. Both the Chernobyl and Fukushima accidents caused radionuclide contamination of the atmosphere, hydrosphere, biosphere and pedosphere over the entire northern hemisphere.
Chernobyl's “exclusion zone” initially encompassed a 30 km radius (2800 km2) around the NPP. Approximately 116000 people within the “exclusion zone” were evacuated to less contaminated areas in the months following the accident.  Later, the exclusion zone was extended and covered 4300 km2 in 1996, in order to contain the areas with the highest radiation levels. More than 90% of the radiostrontium and radioruthenium activities at Chernobyl were emitted in fuel particle form. In contrast, at Fukushima gas phase emissions clearly dominated the releases.
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Total North America	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0000000000000001E-3	5.3010101010099999E-3	1.073737373737E-2	1.417373737374E-2	1.060303030303E-2	9.1858585858599993E-3	0.25313232323231999	0.37175454545454001	0.47855050505050001	0.40875970270707002	0.47321626836363001	0.49864051078786997	0.51073200398989005	0.53842504003030001	0.52933928719191004	0.52472445491918995	0.52041669324827	0.52185034556086995	0.57589712918659997	0.59125300372141998	0.57026523125995998	0.60431871345028998	0.58341711855394995	0.54561956406166001	0.65601100478468	0.91755741626792997	1.0223020202020101	1.37626464646463	2.1339404040403802	4.7752999999999401	9.7140752644620694	19.345474582691399	Total S. 	&	 Cent. America	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.1902020202000001E-4	9.2903030303000003E-4	3.3903030303E-4	3.4603030303000001E-4	3.5003030303E-4	3.6803030303E-4	3.7303030303000002E-4	3.9403030302999998E-4	4.0303030302999999E-4	4.3193030302999998E-4	1.4868313131300001E-3	2.4092323232299999E-3	3.1000358585860002E-2	0.10442368939394001	0.35291041531433998	0.63347604273849001	1.1276175740071299	Total Europe 	&	 Eurasia	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.0101010101000001E-3	1.0101010101000001E-3	1.0101010101000001E-3	0	1.0101010101000001E-3	9.0909090909099995E-3	1.175757575758E-2	1.671717171717E-2	2.616476767677E-2	3.5319363636359999E-2	3.8484459595960002E-2	5.0433939393940003E-2	5.7325451515149999E-2	7.1201547474749993E-2	8.3882439393939995E-2	0.10170911616162	0.13253625505050001	0.16323719191919001	0.27196233888888999	0.46173730000000002	0.74294715066665995	1.51658309333333	2.56640893888888	3.7960781111110999	7.4706435766666397	14.172837538212001	23.182522306139301	46.654008185735798	72.114385656139007	86.472605185607094	99.688079787167496	Total Middle East	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.4343434343429999E-2	0.10024509090909001	0.23150756313130999	0.42199238722844001	0.67208426036319002	1.1173517406178399	Total Africa	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.0202020202000001E-3	2.0202020202000001E-3	2.333333333333E-2	2.333333333333E-2	2.5353535353539999E-2	2.6363636363639999E-2	4.6628862394440002E-2	0.12175344345703	0.21831488766153001	0.24255053084334999	0.34008347505546999	0.59458478741910004	0.83907437093467996	0.97726033585137995	2.0533384317381	Total Asia Pacific	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0202020202000001E-3	1.00404040404E-2	2.7651515151519999E-2	4.3661616161620002E-2	5.4181818181820003E-2	7.1712121212120006E-2	9.8782828282829999E-2	0.13164637333333001	0.17834474424242	0.24822994747475	0.37180944161615997	0.51625187070707002	0.70362305292928995	0.95183107232323005	1.2343034246464599	1.5559333147474701	1.8814208359595901	2.2595534804040298	2.77921723878787	3.8711870536457802	6.3804806062571204	10.9045375900442	18.2454907112329	36.015246808645102	62.550362865125102	TWh

Other	1975	1980	1985	1990	1995	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	1095.6499999999992	1290.5500000000002	1867.75	1921.4266666666658	1963.5033333333322	2009.6799999999985	2126.0499999999993	2181.4499999999989	2393.3499999999985	2655.4000000000015	2905.625	3033.125	3218.625	3373.1260000000002	3446.726000000001	3849.9259999999995	4378.3260000000009	US	1975	1980	1985	1990	1995	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2774.6	2816.7	2827.55	2840.2000000000003	2852.8500000000004	2865.5	2865.5	2892.5	2939.5	3036.5	3162.5	3288.5	3307.5	3317.5	3449.6	3523.5	3525	Philippines	1975	1980	1985	1990	1995	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	888	1154	1931	1931.1666666666667	1931.3333333333335	1931.5	1931.5	1978	1978	1958	1958	1953	1966	1783	1848	1868	1917.4	Indonesia	1975	1980	1985	1990	1995	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	144.80000000000001	309.8	589.5	662	734.5	807	807	850	850	980	1052	1189	1193	1209	1339	1339	1401	Mexico	1975	1980	1985	1990	1995	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	743	743	843	843	842.9	959.5	959.5	959.5	959.5	959.5	964.5	964.5	964.5	886.6	811.6	833.6	833.6	Japan	1975	1980	1985	1990	1995	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	214.6	413.7	535.20000000000005	535.20000000000005	535.20000000000005	535.20000000000005	535.20000000000005	534.20000000000005	534.20000000000005	532	532	500	502	502	502	503	539	
MW

Olje
Gass
Kull
Kjerne
Annen
fornybar
Oil	Gas	Coal	Nuclear	Hydro	Other Renewables	Growth rate	4185.0769448450301	3020.3766016606901	3826.7119113992899	563.19118719907999	855.77886833151297	279.29436475918698	
Olje
Gass
Kull
Annen fornybar

Oil	Gas	Coal	Nuclear	Hydro	Other Renewables	111.512	63.843508168529603	77.362185917645903	4.6386387292392497	31.703398651400502	
Olje
Gass
Kull
Hydro
Annen fornybar

Oil	Gas	Coal	Nuclear	Hydro	Other Renewables	Growth rate	10.345584183492999	4.2010894924365996	0.66381679999999998	30.917263203149599	0.58981496576609005	
Olje
Gass
Kull
Kjerne
Annen
fornybar
Oil	Gas	Coal	Nuclear	Hydro	Other Renewables	Growth rate	520.26105510796197	166.94212553869201	1962.35466	28.588161288862601	240.83359732090199	53.079993284283802	
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