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2 Introduction 

City of Helsinki has a mission to be carbon neutral in 2050. There are half a million 

visitors in Korkeasaari Zoo every year. Hence Korkeasaari has a lot of visibility and a 

great chance to be the trailblazer and advisor when Helsinki is reaching towards car-

bon neutrality. The Zoo would set an example and educate visitors and corporations to 

act in an environmentally friendly manner. Carbon neutral Korkeasaari will improve 

the whole image of Helsinki and Finland. Environmental friendliness will again make 

the Zoo more fascinating and stimulating, which has a positive impact on visitor satis-

faction. With smart actions, it is possible to decrease energy consumption and thereby 

decrease costs of energy in Korkeasaari. 

 

Previous energy review for Korkeasaari was done in 1998. In 2016 Korkeasaari and 

the city of Helsinki began planning new energy vision for the zoo. New strategy is to 

transform Korkeasaari carbon neutral by 2025. Buildings and structures of the zoo are 

old and thereby neither in good condition nor energy efficient. Korkeasaari forms also 

a significant part of the electricity consumption of Helsinki. Thus, the zoo is a great 

target for energy saving actions. 

 

Important ways to achieve carbon neutrality are decreasing energy consumption and 

implementing renewable energy production on site. These actions must be defined. 

Already at this point there has been small environmentally friendly actions in the zoo. 

Solar panels have been installed in Lauttaranta and on top of the administrative build-

ing. Tropical building will be renovated and there is still a good chance to affect the 

technical implementation. Visitor travelling is also a significant contributor to carbon 

emissions, but it is outside the scope of this project as it is not necessarily something 

the zoo can decide. 

 

This project of Helsinki city will be implemented in small phases. In initial planning 

Korkeasaari decided to include us, students of Aalto University School of Electrical 

Engineering, to study suitable actions to reduce carbon footprint for them. However, it 

is not enough just to reduce carbon footprint, in this case it is as important to com-

municate and show to visitors and other parties what actions have been done. With a 

good communication plan Korkeasaari can educate and show what good actions have 

been implemented. Thus, we were asked to prepare also a communication plan. 

 

From that base, we created this report. During this project, we had two meetings with 

Korkeasaari staff and representatives from Helsinki Environment Centre. We visited 

Korkeasaari Zoo once, where technical staff of the Zoo took us to locations with high 



6 

 

energy consumption. We had a meeting with Helen where we talked about renewable 

energy production and demand response. We had a meeting with a carbon footprint 

specialist from VTT and contacted a heat pump specialist via email from 

ilmalämpöpumppu.fi. Demand response was discussed with specialists from Fingrid 

and Aalto University. Rest of the information is found from academic publications 

and the internet. References are included. 

 

This report begins with chapter Similar Energy Saving Projects. It gives real life ex-

amples of similar carbon neutrality projects and it should give inspiration of what 

could be also done in Korkeasaari. Next chapter Current Situation gives an overview 

of what we are dealing with. Chapter Calculating Carbon Footprint enlightens what it 

means to calculate the carbon footprint in Korkeasaari. After that we discuss all rele-

vant technologies to reduce carbon footprint in chapter Technologies to Save Energy. 

Chapter Communication Plan suggests different ways to communicate carbon neutral-

ity and green values to visitors and other parties. Also, effects of new green image in 

Korkeasaari is discussed. Last chapter Potential Actions for Korkeasaari collects all 

previous discussions to actions. 
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3 Literature review of similar energy projects 

Several zoos around the world have made actions to improve their energy efficiency. 

Those actions are presented in this chapter. Zoos Victoria and Cincinnati zoo are pre-

sented in more details. In addition, Cleveland, Wellington, and Henry Vilas zoo are 

presented in shorter manner. Also, monitoring system used at Paignton zoo is exam-

ined. Finally, all the previous information is compared to the current state of 

Korkeasaari Zoo and some examples from Finland are presented. 

3.1 Energy efficiency in other zoos 

3.1.1 Zoos Victoria, Australia 

Zoos Victoria is located in Australia. It consists of three parts which are Melbourne 

Zoo, Werribee open range zoo and Healesville sanctuary. Zoos Victoria is the first 

zoo in the world which has been certified carbon neutral by Low Carbon Australia. It 

also tries to show to zoos internationally how to reduce their environmental footprints 

and additionally it tries to inspire visitors to protect environment and wildlife. [1] 

Waste management 

Zoos Victoria works to reduce, reuse and recycle waste as much as possible. They 

have vision to achieve zero waste to landfill by 2019. [2] 

 

Public place recycling is arranged so that currently only in Melbourne zoo has three 

bin system. At Healesville sanctuary and Werribee open range zoo have two bin sys-

tem. Aim is to provide the three-bin system to all three zoos. Three bin system con-

sists of rubbish, bottles & cans, and compostable food & paper. [2] 

 

At Melbourne zoo, all organic waste (from animals, visitors and horticulture) is com-

posted onsite using composter named Hot Rod. Waste is then processed so that it can 

be used as soil conditioner and organic fertilisers. For instance, 800 kg of elephant 

dung is collected every day. [2] In description of zoos Victoria, they say that: “Com-

post is produced by establishing an environment where naturally occurring microbial 

activity can break down a balanced mixture of organics. [3]” More information about 

Hot Rod composting system can be found in manufacturer's own web site [4]. 
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At Healesville sanctuary, worm farming is used for processing animal waste. 400 kg 

of organic waste can be processed during one week. Composted waste can be used as 

soil conditioner and organic fertilisers. [2] 

 

Reusing of goods is realised, for instance so that many exhibits are made up of mate-

rials which are recycled. Those materials are collected from previous structures. [2] 

Energy efficiency 

Zoos Victoria has had some actions to improve energy efficiency. They have had pro-

jects and campaigns to reduce energy consumption and at the same carbon emissions. 

[5] 

 

“Switch off” is reduction program for zoo’s staff. Information about improvements 

and environmental issues are told by auditions. This program focuses on lightning, 

computers, heaters, and air-conditioners. [5] 

 

LED are used for lightning. Two significant changes are made. Old T8 fluorescent 

lamps are converted to T5 LED lamps. This has given 22 % improvement. Halogen 

downlights are replaced with LEDs. This has given 90 % improvement. [5] 

 

Animals have different needs for climate they need. Heating and cooling are planned 

so that it is suitable for animals individually and it is still as efficient as possible. Ex-

amples below are directly from Zoos Victoria’s web page:  

 

• Infrared technology heating for Elephant barns 

• Double glazing of the roof structure at our Butterfly House 

• Heat pump hot water systems 

• Installation of ceilings around exhibits [5] 

 

All computer screens are replaced with LCD screens. Computers are replaced with 

new and more energy efficient ones. This has helped to save about half of the power 

used by these devices. [5] 

 

Principle of in-ground geothermal heat pump is presented in figure 1. Constant tem-

perature of the ground is utilized via underground pipes. The system can be used for 

heating and cooling, heat is either absorbed from ground or transferred to ground. [6] 
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Figure 1: Principle of in-ground geothermal heat pump [6] 

 

In figure 2 is presented principle of cogeneration and trigeneration. For example, nat-

ural gas can be used as fuel to power an engine. The engine is connected to generator 

which produces electricity. As a byproduct heat is being produced. In cogeneration 

system heat is collected and used. In trigeneration system waste heat can be used for 

cooling. [6] 

 

 
Figure 2: Principle of cogeneration and trigeneration [6] 

Water saving 

90 % of water is collected from the ground at Melbourne zoo. Onsite exists a water 

treatment plant. Untreated water can be stored 780 kiloliters and treated water 620 

kiloliters. For example, water comes from rainwater run-off, animal wash-downs and 

overflowing of lakes. [7] 

 

Zoos Victoria describes its treatment system and actions made in the following way:  
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“With the assistance of gravity, water travels through a network of storm water pipes, 

ending up at a sedimentation pit system where suspended solids settle out. Once water 

is diverted to the treatment plant onsite, it is pumped through a strainer to remove 

finer particles. From here it goes through a Continuous Micro Filtration Unit, a Re-

verse Osmosis filter, UV sterilization and dosed with sodium hypochlorite to ensure 

continuous clean water supply; like tap water. The result is Class A classified water; 

which is cleaner than tap water! 

 

This water is then transported through the recycled water pipes throughout the Zoo 

and is used around the grounds for keeping our plants watered, washing down animal 

barns, backwashing filters, filling up the lakes and animal ponds and even flushing 

toilets.” [7] 

 

“Melbourne Zoo has reduced its water consumption by: 

 

• Continued efficient water use 

• Compliance with water restrictions 

• Commissioning of the recycled water plant 

• Installation of closed loop filtration systems, opposed to dump and fill meth-

ods. 

• Smarter irrigation management, with the investment of a central irrigation con-

trol system. [7] 

  

Water consumption has decreased significantly. Melbourne zoo used 570 000 kiloli-

ters per year potable water before mid-1990s. Now they use 176 174 kiloliters potable 

water during one year. [7] 

 

Rainwater is harvested in all three zoos. Healesville sanctuary has three-stage filter 

which cleans the rainwater. Additional mains water is not required. At Werribee open 

range zoo, water is collected using bus shelter. The roof of shelter doubles the effect 

of collection agent. [7] Tanks and bus shelter are presented in figure 3. 

 

Public toilet’s water consumption has been reduced. Urinals are waterless. Toilets are 

flushed using recycled or harvested water. In addition, leaks in water pipes are detect-

ed. Major leaks have been uncovered already. [7] 
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Figure 3: Rainwater is collected using bus shelter, water is collected to the tanks [7] 

Actions for carbon footprint reduction 

Zoo Victoria has implemented few projects which affects carbon footprint. These pro-

jects reduce carbon dioxide emissions about 2140 tons per year. [1] Below is the list 

about actions made from their webpage. A few actions for carbon reduction are pre-

sented already in previous sections: 

 

“ 

• lighting efficiency 

• heating and cooling efficiency 

• insulation 

• heat pump hot water systems 

• small scale solar installations 

• in-vessel composting of organics waste 

• public organics waste collection and composting 

• upgrading our glass at the butterfly house [1] 

” 

 

In future possible actions for energy saving are planned at Zoos Victoria. Potential 

options might be to add solar PV or Natural gas fired cogeneration onsite at zoo. [1] 

Carbon reduction map 

Zoos Victoria has made carbon reduction map [8]. That map summarizes reductions 

in visual form. The map is presented in figure 4. 
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Figure 4. Zoos Victoria’s map of carbon reduction. [8] 

3.1.2 Cincinnati zoo, Ohio, USA 

Cincinnati zoo & Botanical garden is located in Ohio, USA. In 2010, the zoo was pro-

claimed the “Greenest zoo in America”. The zoo has continued reducing its impact to 

the environment. Made actions are for instance green buildings, waste management, 

renewable energy and water saving. [9] 

Water saving 

In 2005, Cincinnati zoo annual water consumption reached 220 million gallons. In 

year 2006 zoo launched major project to reduce water consumption. Situation in April 

22th 2015 was that The Cincinnati zoo & Botanical garden have saved one billion 

gallons of water overall during 9 years. [10] That is 3 785 411 780 liters. Roughly can 

be said that Cincinnati zoo has saved water 421 000 000 liters per year. 

 

Everyday behavior has been changed. In addition, operations made are fixing leaks in 

pools, installing low-flow fixtures and upgrading filtration system. [9] 

 



13 

 

Cincinnati zoo has exhibit named “Africa”. Metropolitan sewer district has funded 

project where tanks are located under Africa. Those tanks collect storm water runoff. 

Thus, storm water does not flow to the Ohio River and pollute it more. System has 

reduced issues caused by flooding, erosion, and pollution, thus it has saved taxpayers 

money. [10] 

 

Rain and storm water has been collected using pervious pavement. Water drains 

through it and does not rush across the pavement and run off the edges. [11] In figure 

5 is presented how water goes through pavement. 

 

 
Figure 5: At Cincinnati zoo water is collected using pervious pavement [11] 

 

In figure 6 is presented water cycle of hippo’s pool and actions to keep the pool clean. 

All water is from rainwater that has been collected. [12] 

 

 
Figure 6. The hippo water cycle at Cincinnati zoo. [12] First all waste is collected to 

compost. Then water is pumped to the sand filter and ozonized. Finally, the water is 

bio filtered and returned to hippo pool. 
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Renewable energy 

20 kWp solar panels are installed on the roof of Education center to provide up to 25 

% of the building’s energy need. 10 kWp panels exist at the zoo also. In addition, one 

1.2 kWp wind turbine is installed to the zoo. Wind turbine and 10 kWp solar panel 

provide more than one third of the energy demand of membership and ticketing build-

ing. [9] 

 

Geothermal energy is also used. At the zoo exists 36 geothermal wells. Using geo-

thermal energy can contribute to heating and buildings. Using of biomass energy are 

being explored. [10] 

Solid waste 

In 2012, the zoo committed itself to become a zero-landfill facility. This target has not 

been reached yet. The zoo tries to recycle, compost or donate as much material as 

possible. Goal is to reach zero waste to landfill, which means that only 1 % of waste 

can go to landfill. [9] 

Green roofs 

Green roof can reduce storm water runoff. Up to 75 % of water is retained and it does 

not drain to sewers. Plants filter pollutant and take carbon dioxide from air. Green 

roofs provide quite good insulation from heat, cold and sound. Roof’s lifespan is also 

increased. At the zoo exists 2400 square foot green roof. [9] 

Energy efficiency 

Cincinnati zoo has been made several actions to reduce energy consumption. Below is 

the list from zoo’s web site:  

 

“ 

• Upgrading to energy efficient light fixtures to energy efficient ones, as well as 

placing them on motion sensors so the lights automatically turn off when no 

one is in the room 

• Replacing old equipment and appliances with more efficient boilers, furnaces, 

water heaters, refrigerators, and freezers 

• Unplugging any equipment that was not in use on a regular basis 

• Using heating, ventilating and cooling systems that employ energy manage-

ment equipment and software 
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• Harnessing renewable energy through solar panels, geothermal wells, a wind 

turbine, and biomass 

• Switching incandescent lights to LED lights for our Festival of Lights, reduc-

ing energy usage by 75 percent [9] 

“ 

3.1.3 Cleveland zoo USA, Wellington zoo New Zealand and Henry 

Vilas zoo USA 

All three zoos have common ways to affect energy consumption and environmental 

sustainability. These are composting animal waste, recycling waste and reusing of 

materials, reducing waste, and use of water and energy. [13][14][15]  

 

At Cleveland zoo, in addition to composting, animal waste is being sold. Bikes are 

used moving around the zoo area. [13] 

 

At Wellington zoo, rainwater is collected and reused. Products in shop are made from 

recycled materials. At zoo exists also thousands of native trees. Wellington zoo has 

the CarboNZero certification. [14] 

 

At Henry Vilas zoo, water consumption is reduced by collecting and using rainwater, 

using waterless urinals and cleaning animal pool underground.  Energy consumption 

is reduced by changing lighting (fluorescent and LED), using solar energy and adding 

occupancy sensors for heated public areas. Zoo also stores natural gas which can be 

converted to electricity. In some buildings insulation materials are bio-based. All food 

products are palm oil free (except nacho cheese sauce). Spoons are biodegradable and 

made from corn and plant materials. Coffee cups are also biodegradable and made 

using renewable materials. Napkins are unbleached. Natural ventilation system is used 

on some buildings. There exist green roofs and 50 % of convert area are converted to 

woodland cover. [15] 

3.1.4 Hanwell energy monitoring system at Paignton zoo, Devon UK 

Paignton zoo is located in Devon, UK. It is one of the oldest zoos in the country and 

one of the most environmentally-friendly zoos in UK. The Zoo has launched an ani-

mal enclosure monitoring system. System ensures that animals are kept in suitable 

conditions with good energy efficiency. Monitoring system is wireless and uses radio 

communication. At Paignton zoo Hanwell energy monitoring system gathers and 

transmits energy consumption from 12 animal enclosures. [16] 
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Benefits of using energy monitoring systems which are presented on the web site: 

 

“ 

• Reducing energy consumption and saving on costs 

• Improving understanding of costs involved within animal enclosures 

• Enclosures adjusted to draw more from off-peak electricity 

• Animals are kept in the optimum conditions [16] 

“ 

 

Monitoring system does not contain humidity sensors but there has been discussion 

about adding humidity sensors to system and further temperature sensors. This way it 

is possible to create a comprehensive monitoring solution. [16] 

3.1.5 Comparison to Korkeasaari zoo 

Of all the zoos in comparison, Zoos Victoria is the largest zoo. It has more than 2.3 

million visitors annually whereas Korkeasaari has about half a million customers eve-

ry year [17]. Also, Cincinnati zoo and Cleveland zoo are more popular than 

Korkeasaari. Cincinnati welcomes more than 1.2 million customers every year and 

Cleveland more than 1 million customers annually [18] [19]. Henry zoo has also 

about half a million visitors every year as Korkeasaari [20]. Wellington zoo is the 

smallest. It had about 260 000 customers in year 2016 [21]. 

 

At Helsinki, climate type is mid-term climate [22]. Of zoos presented, climate of Cin-

cinnati zoo, Cleveland zoo and Henry Vilas zoo are closest to climate of Helsinki. 

Cincinnati zoo and Cleveland zoo are located in Ohio [9] [13]. Henry Vilas zoo is 

located in Madison, Wisconsin [15].  Summers and winters are a bit warmer and more 

humid.  In winters, temperature is below zero. [23] [24] Wellington zoo is located in 

Wellington New Zealand, climate is mild, temperate marine climate. Temperature is 

rarely above 25 °C on summer time or under 6 °C on winter time. [25] Climate of 

Zoos Victoria differs the most. Zoo is located Victoria, Australia and climate is ocean-

ic. Temperature is often more than 10 °C on winter time and summers are hot. [26] 

 

At Korkeasaari 187.36 tons of gardening and animal waste is collected every year. 

That makes more than 500 kg animal waste per day. At Zoos Victoria, the total 

amount of waste to landfill (year 2012) was 904 tons [6]. In addition, it was men-

tioned that elephant dung alone was collected 800 kg every day, but that does not end 

up to landfill [2]. 
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At Cincinnati zoo about 1 million pounds of waste are collected annually [27]. That is 

more than 1 ton per day. Amount of waste in other zoos was not mentioned.  

 

At Korkeasaari, electricity consumption is approximately 2 GWh per year. Zoos Vic-

toria’s total energy consumption (year 2012) was 25 723 030 MJ which is approxi-

mately 7.1 GWh [6]. Total energy consumption of other zoos was not mentioned. On-

ly the fraction of energy saved by some actions were mentioned. 

 

Amount of savings seems to be realistic. Cincinnati zoo and zoos Victoria reduced 

their water consumption by a huge amout. This result is reasonable because they have 

used rainwater harvesting. At zoos Victoria, many actions have been made to achieve 

carbon neutrality. How this calculation is made was not mentioned. There might be 

some tricks used to achieve this goal. Nevertheless, actions made had a positive im-

pact to the environment. 

3.2 Examples in the Helsinki area 

3.2.1 Ympäristötalo 

Environment Centre of Helsinki (Helsingin kaupungin ympäristökeskus) has been 

carbon neutral since year 2015. Before they hadn’t started any changes, their carbon 

footprint was 5.4 tons per employee in year 2008, including energy usage, transporta-

tion, waste and procurement. [28] 

 

Environment Centre moved to the most energy-efficient building in Finland in 2011. 

This action dropped their carbon footprint to 3.2 tons per employee. They also created 

a plan of 36 ideas regarding actions towards further decreasing their emissions. Final-

ly, their carbon footprint was only 1.07 tCO2 per employee during 2015. The rest of 

their emissions were compensated with e.g. buying emissions rights with emissions 

trading. [28] 

 

The largest cut in energy usage was achieved with more energy-efficient building. 

Other useful ways of decreasing emissions were for example remote work and in-

creased use of public transport. Environment Centre was the first customer of Helen 

Oy to order renewable district heating. It is produced by burning wood pellets instead 

of coal or natural gas in a CHP plant. Environment Centre also has installed solar 

panels and the bought electricity is produced by wind energy. [28, 29] 
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3.2.2 Harakka 

The Harakka nature center (Harakan luontokeskus) is located on the Harakka island 

just off the coast of Helsinki. The center is a destination for groups of children, where 

they can learn about nature and the environment. The island has one building heated 

using natural gas and 10 smaller buildings heated with electricity. The buildings are 

fairly old. [30] 

 

A report investigating renewable energy potential on the island found that air-to-air 

heat pumps for the electrically heated buildings, some solar photovoltaics and heating, 

and a small wind turbine were feasible options to reduce carbon dioxide emissions 

caused by the island. Other investigated options included ground-to-water heat pumps 

and wood pellet heating, but these were not found economically or practically feasi-

ble. The suggested investments were calculated to cost approximately 44 500 € and to 

reduce the carbon dioxide emissions of the island by 10 %. The heat pumps had a 

payback time of 3–7 years, while the solar photovoltaics and heating and wind turbine 

had significantly longer payback times of 17–50 years. [30] 

 

The report found that the total emissions caused by the whole island are dominated by 

the natural gas heating of the largest building, with a share of approximately 60 % of 

total emissions. However, according to the report, there is no feasible way to reduce 

these emissions. The report briefly investigated certain renovation options to improve 

the heat losses of the building but did not find any economically feasible options. [30] 

 

Additionally, the report found that an uninsulated space was being heated and that 

some heated buildings had uncontrolled ventilation through the door. Not heating the 

uninsulated space and replacing the uncontrolled ventilation with controlled ventila-

tion could save electricity with minimal investment costs. [30] 

 

Actions have been implemented in Harakka since the report was written. The report 

was made regarding the whole island, while energy reduction actions were limited to 

exclude the large gas-heated building. Unnecessary heating has been disabled in some 

buildings, heat pumps, solar energy and a wind turbine have been installed, and reno-

vations have been performed to increase energy efficiency. These measures have re-

duced the carbon dioxide emissions of the concerned buildings by 60 %. The projects 

received funding from the European Regional Development Fund and the Uusimaa 

ELY center. [31] More detailed information about actions made and their impact to 

carbon footprint can be found from brochure presented in reference [32]. 

 

In 2016, a project was started with a target to find out actions needed when converting 

into LED lightning and cleared up if there was possibility to achieve 100 % LED 
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lightning. The result was that 100 % LED was possible with minor exceptions. Energy 

needed for lightning was estimated to fall by half. Additionally, by selecting LEDs 

with high quality, maintenance costs are reduced significantly. [33] 

3.2.3 Office buildings 

A master’s thesis investigated energy efficiency in three large office buildings: Lin-

tulahdenkatu 5 in Sörnäinen and the TUAS and Computer Science buildings in Ota-

niemi. The buildings are heated with district heating. The thesis found that HVAC 

(Heat, Ventilation and Air Conditioning) equipment consumes more than 50 % of all 

electricity in these buildings, and that the most important decisions regarding energy 

use are made during construction. According to the thesis, inadequate attention is of-

ten given to energy efficiency during planning, construction and use. In particular, 

even buildings that have been built with energy efficiency in mind may waste energy 

if no one is responsible for efficiency, or if users lack adequate knowledge about effi-

ciency. [34] 
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4 Current situation in Korkeasaari 

This section gives information of current situation in Korkeasaari. This section helps 

us to understand what Korkeasaari has to focus on when reaching towards carbon neu-

trality. Information is collected in various meetings and email conversations between 

different parties. The focus is on electricity consumption but also other energy aspects 

are considered. 

4.1 Electricity 

4.1.1 Electricity production 

Korkeasaari has one connection point to the regional electricity distribution network 

which is supplying the island. The connection point consists of one medium voltage 

transformer (10 kV/400 V) but in the near future another transformer will be installed. 

Additionally, there are rooftop photovoltaics on two buildings which currently pro-

duce 20 kWp. In year 2017, the PV production capacity will reach the planned value 

100 kWp as more buildings will be equipped with PVs. According to the consumption 

data in 2015, the minimum hourly consumption at a summer night is around 140 

kWh/h. Thus, the planned maximum PV production capacity will not exceed the con-

sumption. The daytime consumption is roughly 250–350 kWh/h. 

4.1.2 Reserve power 

Some of the electrical devices in Korkeasaari are crucial in a way that their electricity 

supply must not get interrupted. The electric fences and enclosure doors prevent ani-

mals from escaping their enclosures. It is important for the safety of visitors and also 

animals themselves that they don’t escape accidentally. The electricity supply of the 

fences and some of the doors is ensured by reserve power generators and UPS. 

 

The cold and freezer storages are not ensured by reserve power sources. Korkeasaari 

is located in an urban area where interruptions in the electricity distribution network 

occur rarely and they take only short period of time. Cold storages are also not too 

quick to start suffering from an outage of the cooling machines. Hence there are no 

plans for additional reserve power equipment in Korkeasaari. 
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4.1.3 Electricity consumption 

The total annual electricity consumption at the distribution network connection point 

is approximately 1.9 GWh. This piece of information we can trust to be correct and 

the figure is also the reference number what we should try to decrease. This 1.9 GWh 

electricity consumption produces 238 tCO2 emission. More information about emis-

sions is written in Calculating Carbon footprint section. 

 

Year Consumption (kWh) Status 

2013 1 852 013 Measured 

2014 1 962 344 Measured 

2015 1 983 946 Measured 

2016 1 900 503 Measured 

Average 1 924 702 Calculated 

 

For comparison, the amusement park of Linnanmäki consumed 6.1 GWh of electricity 

and Levi skiing center approximately 7 GWh in year 2012. Compared to these two 

examples Korkeasaari Zoo consumes remarkably less. Although it doesn’t mean that 

the efficiency is better in Korkeasaari. Greater consumption in Linnanmäki results 

from its business that depends on the number of rides that consume a lot of electricity. 

[1] 

4.1.4 Electricity metering system 

One major goal of this project is decreasing electricity consumption. In order to de-

crease electricity consumption, we have to know where and how electricity is con-

sumed. In Korkeasaari it is challenging because of its relatively large area and spread 

consumption points. For this reason, there is an electricity metering system that 

measures consumption from different points. This information is collected automati-

cally by a VAK-system. From the VAK system we see real time consumption and it 

also generates annual consumption reports. 

 

We investigated every 2015 electricity consumption report from VAK system. Unfor-

tunately, this system gives unreliable information and it is inadequate. Fortunately, 

during this project VAK system is being repaired, but it will be not finished before us. 

Thus, we don’t have adequate information in our use.  
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Why would it be important to have proper data from the VAK system? We would 

know which locations we should concentrate on if we want to get carbon neutral. If 

we only know that the total consumption is annually 2 GWh and there are 50 separate 

buildings, it is inefficient to start making enhancements without knowing how much 

electricity each of these buildings consumes individually. Hence it is a good idea to 

improve the current metering system, also for the sake of future surveillance. 

 

Appendix 1 contains results from our investigation of VAK system’s 2015 consump-

tion reports. 

4.1.5 Outdoor lighting 

Korkeasaari is a relatively large area and it has a lot of outdoor space for visitors and 

therefore outdoor lighting. It is important that one doesn’t forget to optimize outdoor 

lighting. Carbon footprint from outdoor lighting is included in total electricity con-

sumption and its carbon footprint. More about lighting and its optimization is in 

Lighting section of this report. 

4.2 Other energy related facts 

4.2.1 Buildings 

Korkeasaari Zoo has around fifty buildings. The age of buildings varies greatly, as the 

oldest buildings are constructed on 19th century, while the newest buildings are from 

21st century. As some of the buildings are very old, some of them are conserved 

which limits the scale of changes that can be done to improve energy efficiency. Most 

of the older buildings have had a major overhaul during past few decades. 

 

The size of buildings ranges from small cages (around 24 m2) to large tropical houses 

(largest 1300 m2). All of the buildings do not use heating, ventilation or electricity, as 

some are stables or corrals. There are still almost 30 buildings that use electricity and 

have ventilation. Almost all heated buildings are connected to district heating. Also, 

only a few buildings are inhabited by residents, as most of the buildings are either 

populated by animals or used during working hours. 

 

Appendix 2 contains a list of buildings in Korkeasaari. 
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4.2.2 Water consumption  

Water consumption of Korkeasaari is approximately 26 127 m3 per year. Water con-

sumption is greatest in Ankkala (4538 m3), Tiikeriallas (3618 m3) and Amazonia 

(2849 m3). 

4.2.3 Waste processing 

Korkeasaari produces 187.36 tons of gardening and animal waste annually, or approx-

imately 500 kg per day. The material is taken to the Ämmässuo waste processing cen-

ter for composting [2]. The composting process produces soil amendment [2]. 

 

All household and municipal mixed waste in the Helsinki area is taken to an incinera-

tion facility in Vantaa. The incinerator produces district heating and electricity. The 

remaining slag and ash is processed at Ämmässuo, and eventually either utilized in 

excavation activities or landfilled, depending on its chemical properties. [3] 

 

The waste processing methods currently in use are considered state-of-the-art and we 

are not aware of any significantly more energy efficient or environmentally friendly 

methods. The methods will continue to improve further without any action at 

Korkeasaari, as they are centrally managed by HSY. 

 

One possible minor improvement is considering whether animal waste is suitable for 

classification as bio waste rather than gardening waste. Bio waste is processed at 

Ämmässuo by rotting before composting [2]. The rotting process produces methane, 

which is collected for use as biofuel [2]. 

 

Despite state-of-the-art waste processing methods, it is still possible to reduce the car-

bon footprint of waste by reducing the amount of waste generated. This would pre-

sumably also work to reduce the amount of procured material and thus reduce the 

carbon footprint of procurement. 

 

Waste water from Helsinki is processed at Viikinmäki with a similar rotting and com-

posting process as bio waste at Ämmässuo. [4] 
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5 Calculating carbon footprint 

The initial goal for Korkeasaari is to become carbon neutral in 2025. It is a great and 

ambitious goal to achieve. In order to become carbon neutral, we need to know how to 

calculate carbon footprint for Korkeasaari Zoo. Carbon footprint calculations cover 

various factors when it is done properly. It is out of our project scope to calculate the 

carbon footprint effect for every factor. Instead we will calculate electricity and heat-

ing factors and for the rest we give instructions for Korkeasaari to continue this work. 

For this chapter, we have interviewed VTT specialist in carbon footprint and made 

individual research. 

5.1 Principles of carbon footprint calculation and LCA 

For the carbon footprint calculation, we need to do a thorough input output analysis. 

This means that we list all moving parts coming in and out Korkeasaari and then eval-

uate their effects. These parts and factors in Korkeasaari consist of electricity, district 

heating, food, animal waste, other waste, transportation of visitors and staff, water and 

fuel. Trees can be considered as a compensative factor. It should be noted that carbon 

dioxide is not the only greenhouse gas that affects global warming and thus carbon 

footprint. Impact of each gases are expressed in terms of amount CO2 that would cre-

ate same amount of warming. [1] After we have listed everything that affects carbon 

footprint we can do final calculations. 

 

LCA (Life-Cycle Assessment) is the common point of view in carbon footprint calcu-

lations. “Life-cycle estimation is a method to describe the influence of a product or an 

article on the environment in all parts of its life-cycle. The life-cycle estimation in-

cludes the acquisition of raw material, the production, the use and final placing of the 

products.” [2] One example is a tree. In its early years of growing it produces carbon 

dioxide but later it starts to absorb carbon dioxide. This trend continues about 100 

years and after that tree’s ability to absorb emissions reduces. [3] Thus, the total life-

cycle effect for this tree can be positive. From this example, we understand that it is 

important to define the time span of carbon footprint calculations. 

 

Every LCA project consist of three different phases: 

 

• Defining goal and scope of research, (functional unit and system boundaries) 

• Mapping material and energy flows, (inventory and input/output analysis) 

• Impact assessment, (and interpretation) [2] 
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In this case, our scope is to cover the whole Korkeasaari system by giving instructions 

to all parts. With these instructions Korkeasaari can either calculate themselves their 

total carbon footprint effect or buy that service from somewhere else. In both cases 

Korkeasaari must provide the data for material and energy flow analysis. We already 

know or can acquire the data from electricity and heating demand. Therefore, we will 

calculate these factors in this report. Why are we not calculating the rest? Simple an-

swer is that we don’t have time to acquire data from food, waste, transportation, water 

and plants and trees. Also, our expertise comes from electricity since it is our study 

path. 

5.2 Standards and buying carbon footprint calculation ser-

vice 

There are two standards that unify the principles of evaluating environmental effects 

of a product or process. These standards are ISO 14040 and ISO 14044.[4][5] These 

principles are applied in this work in a simplified manner. Companies who provide 

LCA and carbon footprint calculation service uses these principles. Korkeasaari staff 

might want to buy this kind of LCA service if they cannot find time to make it. LCA 

calculation becomes useful before and after all the enhancements are applied to Zoo to 

understand the net effect in carbon footprint after improvements. 

 

Now let’s think about that you buy an expensive LCA service and you find out that 

the Zoo is carbon neutral. Is there a carbon neutral stamp or diploma you can show to 

visitors and everyone in Finland recognizes this stamp? No there isn’t. There is no 

commonly known certificate for being carbon neutral. [6] It is a pity that there isn’t a 

famous certificate to show and after that you wouldn’t even have to explain what 

great things you have done for our environment. 

 

Upside for this is that you don’t have to buy an expensive LCA service which would 

lead to this certificate. It is possible to not know for sure your carbon footprint and 

you can still promote yourself to be carbon neutral. It is all about marketing. This will 

be considered in this report at section Communication plan. Of course, we don’t rec-

ommend to state being carbon neutral without even knowing that. This is just to make 

a point what is the current market situation and we should always be critical with the 

information we receive. 

 

If Korkeasaari acquires LCA service from outside, it is necessary to provide proper 

data for the service provider. Without proper data, it is impossible or the service pro-

vider has to dig the data themselves and it becomes extremely expensive. Companies 
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that provide carbon footprint and LCA calculations are e.g. VTT, Ecokem, Pöyry, 

Vanhanen (buildings). 

5.3 Impact Assessment 

Calculation of carbon footprint is based on life cycle assessment. That is a method to 

assess greenhouse gases caused by e.g. organizations and services. CO2-ekv or carbon 

dioxide equivalent is a standard unit to measure carbon footprint. Idea is to express 

each different greenhouse gas in terms of the amount of CO2.  Various gases are con-

verted into equivalent amounts of CO2. Standard ratios of each gas are based on glob-

al warming potential (GWP). GWP coefficients of various greenhouse gases are de-

fined based on their total warming impact relative to carbon dioxide. These factors are 

defined to time period which is usually 20, 100 or 500 years. Standard ratios of vari-

ous gases are presented in table 4 below. GWP ratio of CO2 is 1 and it is independent 

of lasting in atmosphere. Some gases last longer in atmosphere and that is the reason 

why for instance ratio of methane is 72 for 20 years and 25 for 100 years. Overall 

carbon dioxide equivalent can be calculated by multiplying amount of emissions with 

its GWP ratio and summing all equivalents together. [9] 

 

Table 4. Lifetime and GWP of various greenhouse gases [27] 

GAS LIFE TIME (a) GWP 20a GWP 100a 

Carbon dioxide 50 - 200 1 1 

Methane 12 72 25 

Dinitric oxide 114 310 298 

HFC 1.4 - 270 437-12 000 124 -14 800 

PFC 2600 - 50 000 5210- 8630 7390-12 200 

SF6 3200 16 300 22 800 

CFC 45 - 1700 5310 - 11 000 4750 - 14 400 

HCFC 1.3 - 17.9 273 - 5490 77 - 2310 

Halons 16 - 65 3680 - 8480 1640 - 7140 

 

Global warming is not the only factor that is influenced by emissions. They also affect 

acidification and eutrophication. In our case only global warming is taken into ac-

count. It is good to know that emissions have impact to nature and overall valuation 

can be made based on overall impact to environment. Burdens of different gases are 

presented in figure 7. [2] 
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Figure 7: Environmental impacts of different gases. [2] 

 

5.4 Mapping material and energy flows in Korkeasaari 

5.4.1 Electricity 

Korkeasaari consumes electricity 1 924 702 kWh annually (2013–2016 average).  

Average electricity consumption emission factor in Finland is 123.8 gCO2 / kWh (5-

year average 2012–2016) [7]. Therefore, annual CO2 emissions from electricity con-

sumption for Korkeasaari Zoo is: 

 

1 924 702 kWh * 123.8 gCO2 / kWh = 238 278 107 gCO2 = 238.3 tCO2 

 

Korkeasaari has an electricity contract from Helen. Helen delivers 100 % hydro power 

to the Zoo. Hydro power is emission free production method. Therefore, electricity 

consumption in Korkeasaari produces zero carbon footprint. Thus, annual CO2 emis-

sions calculated by Helen Hydro Power: 

 

1 924 702 kWh * 0 gCO2 /kWh = 0  gCO2 

 

Which emission result should we use then? In our opinion we should use the average 

electricity consumption emission factor in Finland. This is the common way to do it. 

This is because electricity system needs all kind of production. It would be impossible 

to everyone in Finland to buy only wind, solar or hydro power. Also, if we would buy 

this “emission free” wind power, wouldn’t it mean that we could use as much electric-
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ity as we wanted and it had no effect on environment? That’s not true because also 

wind farms and solar panels are burden to the environment [8]. They require a lot of 

material, installation, maintenance and power electronics, and the power system has to 

reserve a lot of effort to protect the grid from this inconsistent production. 

 

Thus, it is reasonable to use Finnish average emission factor for electricity and leave 

the responsibility of production methods to politics. Again, if we have 123.8 gCO2 / 

kWh as a factor compared to zero, we have a motivation to decrease our electricity 

consumption, which is beneficial for environment and for the electricity bill of 

Korkeasaari. 

5.4.2 Heating 

Korkeasaari Zoo uses mainly district heating. If there are some electrical heaters, their 

effect is calculated in previous electricity chapter. The carbon footprint of heating can 

be derived by equation [9]:  

 

𝑚𝐶𝑂2 = ∑(𝐶𝑂2-𝑒𝑘𝑣.∗ 𝑄) 

where   

CO2-ekv. = carbon dioxide equivalent of heating form [g/kWh] 

  Q = consumption of heating energy [kWh] 

 

Annual district heating consumption in Korkeasaari is 3.82 GWh (2016). Average 

CO2 emission factor for district heating in Finland is approximately 180 gCO2/kWh 

(5-year average 2012–2016) [10]. With this average factor, the carbon emissions from 

district heating is: 

 

3 820 000 kWh * 180 gCO2 / kWh = 687 600 000 gCO2 = 687.6 tCO2 

 

Helen gives their own number which is 163 gCO2/kWh (in 2016) [11]. It is more pre-

cise than average in Finland. On the other hand, this number changes quite a lot every 

year. Thus, we should use average in our calculations to get the best understanding. 

Five-year average (2012–2016) is 113 gCO2/kWh.  Emissions from district heating 

with Helen’s average factor is: 

 

3 820 000 kWh * 113 gCO2 / kWh = 431 660 000 gCO2 = 431.7 tCO2 

 

Helen has district heating set for companies. It allows companies to buy district heat 

which is produced using 20% renewable energy and 80% others. By selecting this 

opportunity carbon footprint of heating can be reduced. This information can change 

so Korkeasaari should inquire what kind of energy set Helen can offer to them. 
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District heat is easy way to heat. It is not always the most environmentally friendly. 

Heating is one of the most significant part of the carbon footprint. When Korkeasaari 

wants to achieve carbon neutrality, different possibilities of heating have to be consid-

ered.  

 

In table 1 below is presented carbon dioxide equivalent and carbon footprint of differ-

ent heating systems [9][12]. In calculations of carbon footprint Q=3.82 GWh which is 

average annual consumption of heating energy at Korkeasaari. 

 

Table 1. Annual carbon footprints of different heating system. [9][12] 

Heating system carbon dioxide equiva-
lent 
[g/kWh] 

Carbon footprint when Q=3.82 GWh 
[tCO2] 

Direct electric 
heating 

400 1528 

District heating 113 431.7 

Oil heating 267 1019.9 

Pellet heating 0 0 

Geothermal heating 97 370.5 

Natural gas heating 198 756.4 

 

Transportation, processing, distribution network and transmission losses of other heat-

ing systems are ignored in table above. [12] Pellet heating can be considered carbon 

neutral because amount of atmospheric carbon dioxide does not increase. That as-

sumption can be made because new trees acts as carbon storages. If transportation and 

manufacturing of pellets are taken into account, the carbon footprint is 30 g/kWh. It is 

actually quite contradictory that district heating providers calculate the whole lifetime 

of pellet fuel when it’s positive for them, but doesn’t include the lifetime carbon effect 

for other district heating fuels when the effect would be negative. It means that if you 

buy normal district heating and not renewable district heating the real carbon footprint 

is greater. 

 

Carbon footprint of direct electric heating is estimated to be much higher than 123.8 

gCO2 / kWh which is the average electricity consumption emission factor in Finland 

(5-year average 2012–2016). That is because during cold winters, electricity con-

sumption is high and it has to be produced using also high-emission electricity pro-

duction methods, such as coal power. The actual emission factor depends on a multi-
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tude of factors and it is difficult to calculate an accurate number. However, a com-

monly used estimate is 400 g/kWh [13]. 

 

One possibility in Korkeasaari is to use air to air heat pumps together with district 

heating. That should reduce direct carbon dioxide emissions. Rule of thumb is that 

with 1 kW electricity a heat pump produces 4 kW heat. Let’s calculate effect on car-

bon footprint if one heat pump is installed and it operates one hour with this rule of 

thumb efficiency. This heat pump consumes 1 kW electricity which results to 123.8 

gCO2 emissions in one hour. With this electricity consumption heat pump produces 4 

kWh heat which means we can decrease district heating by 4 kWh. It results to 4 kWh 

* 113 gCO2/kWh = 452 gCO2 reduction of carbon emissions. Thus, the net effect by 

implementing one heat pump is (452 gCO2 – 123.8 gCO2) / (4 kWh) = 82.1 

gCO2/kWh reduction to carbon footprint. [14] 

 

Although we have to remember that the efficiency of a heat pump is affected by out-

side temperature. But it is sure that by implementing heat pumps, we can reduce car-

bon footprint at times when the outside temperature is suitable for heat pumps. Also, 

when calculating the carbon footprint for the entire life cycle, the manufacturing 

emissions for heat pumps should be taken into account. Also, a heat pump needs to be 

replaced every 25 years and it demands periodical service and cleaning. [14] 

5.4.3 Food 

At Korkeasaari animals and visitors consume food. The climate impact of food can be 

calculated with three different factors: carbon footprint, ecological footprint and water 

footprint. It has to be taken into account that each of them measures only one part of 

the responsibility. Primary production of food has the biggest impact to footprints. 

[15] 

 

In our review, we focus on carbon footprint of food. It indicates the amount of green-

house gases caused by food production, consumption, cooking, storage, transporting 

and waste. Footprint takes into account the total life cycle of the food. [15] [16] 

 

We can’t stop eating but we can make choices which have smaller impact to environ-

ment. Throwing food away is the biggest ecological and economic burden. An aver-

age Finnish consumer throws 5–10 % food into the garbage. [16] [17] At Korkeasaari 

it is challenging to affect the amount of food waste caused by customers. Although 

that is recommendable because reducing food waste has huge impact to carbon foot-

print. To calculating carbon emissions caused by food waste it is absolutely crucial to 

know the exact amount of waste. [16] [17]  
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The origin of the food has to be taken into account when calculating its carbon foot-

print. Favoring seasonal products, local food and organic products can reduce impact 

to environment. Meat has higher footprint than vegetable products. In table 2 below is 

presented carbon footprint of a few food ingredients. [16] [17] At Korkeasaari major 

changes cannot be made to animal food but food offered to customers can be affected. 

For example, carbon footprint of chocolate, potato chips and lemonade is remarkable. 

It is notable that a bag of marshmallows produce as much carbon dioxide as a dose of 

meat, and one kilo of potato chips produce as much carbon dioxide as 20 kg of pota-

toes. [18] When calculating total impact of food at Korkeasaari it is important to know 

quality and quantity of food used.  

 

Table 2. Carbon footprint of a few different ingredients [17] 

Ingredient environmental impact kg 
CO2-ekv/kg 

Beef meat 15 

Cheese 13 

Pork 5 

Broiler 4 

Tomato, cucumber (greenhouse in winter) 5 

Rice 5 

Vegetable oil 3 

Egg 2.5 

Fish 1.5 

rye bread 1.3 

sugar 1.1 

dry bean 0.7 

Berries, vegetables, potato 0.2 

 

5.4.4 Animal waste/normal waste 

Korkeasaari produces 187.36 tons of gardening and animal waste annually, or approx-

imately 500 kg per day. The material is taken to the Ämmässuo waste processing cen-

ter for composting [19]. The composting process produces soil amendment [19]. 
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All household and municipal mixed waste in the Helsinki area is taken to an incinera-

tion facility in Vantaa. The incinerator produces district heating and electricity. [20] 

 

To calculate total impact of waste, Korkeasaari has to know how much and which 

kind of waste they produce. Actual coefficient of carbon dioxide emissions has to be 

asked from their waste management company.  

 

Korkeasaari can affect its carbon footprint caused by waste. The Zoo should reduce 

the amount of waste and recycle as much as possible. For instance, cutlery and coffee 

cups can be replaced with degradable ones. In addition, Korkeasaari could consider 

how to utilize animal waste and bio-waste. From a carbon footprint point of view it 

can be a compensating factor when waste is used for producing energy. Amount of 

animal waste is rather small and utilization onsite as energy source is not profitable. 

Currently animal waste is classified as gardening waste, and it should be considered if 

there is a possibility to classify it as bio waste. Bio waste is processed at Ämmässuo 

by rotting before composting. The rotting process produces methane, which is collect-

ed for use as biofuel [19]. This might reduce the carbon footprint of waste. Energy 

production of animal waste on site can be considered if the amount of waste increases. 

One possibility is to collect animal waste from larger area, for example from stables. 

5.4.5 Transportation of visitors and staff 

Transportation of staff and visitors affects carbon footprint. Which vehicle do they 

prefer? What is the fuel used in motor vehicles? Calculation of carbon footprint 

caused by transportation requires an enormous analysis. It is necessary to know length 

of travel and used vehicle by all employees, visitors and other actors. In this case, we 

decided to rule out transportation of customers and other actors. Only transportation 

on site and transportation of staff is considered. Impact of food transportation is often 

taken into account already in carbon footprint calculations of food.  

 

With regard to staff, business trips and travelling between Korkeasaari and home have 

to be considered. In addition, there is a need to find out how employees move during 

the work day. Do they need some vehicle to it?  Korkeasaari has their own gasoline 

station onsite. How much is the gasoline consumption from this pump station? 

 

Using your own car for traveling to work produces emissions the most. Emissions can 

be reduced by preferring public transport. Emissions per km caused by e.g.  train, 

tram, bus and metro can be calculated on the HSL web site, and those values are pre-

sented in table 3 below. These values do not take into account indirect emissions 
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which might be caused by manufacturing, production of electricity, maintaining etc. 

[21]  

 

Table 3. Emissions of various vehicle [21] 

Means of transportation Emissions /100km 

Walking 0 kg 

Metro 0 kg 

Train 0 kg 

Car 17 kg 

Cycling 0 k g 

Tram 0 kg 

Bus 7.3 kg 

Ferry 39 kg 

 

Korkeasaari has already compiled a transportation report according to its staff. That 

report can be utilized when carbon footprint of transportation is estimated. 

5.4.6 Water 

Carbon footprint of cold water is rather small. Water heating has the largest impact to 

carbon footprint of water. Consumption, purification and pumping of water have so 

small impact in relation to heating that it can be ruled out. At Korkeasaari heated wa-

ter is from district heat. Hence carbon footprint of water is calculated together with 

heating.  

 

Even if water consumption does not have significant impact to carbon footprint it is 

useful to reduce consumption. In Finland, we do not have shortage of water, but still it 

is not natural resource worth wasting. [22] 

5.4.7 Plants and trees 

Plants and trees have a feature that they absorb carbon dioxide from the atmosphere. 

When calculating carbon footprint, plants and trees can be used as compensating fac-

tors. There is possibility that Helsinki city has already calculated existing trees and 

utilizes them in total calculation of emissions of city. This is little bit of a whitewash 

of total emissions but generally an accepted way.  
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First it is crucial to know if trees of Korkeasaari have been utilized in calculations of 

Helsinki city. If not, then it is possible to use plants and trees to reduce carbon foot-

print of Korkeasaari. Trees can absorb carbon dioxide during their growth phase. This 

trend continues about 100 years. After this, a tree’s ability to absorb emissions reduc-

es. [3] About half of the wood is carbon, thus absorbed CO2 can be calculated using 

formula: 

 

𝐶𝑂2 = −2 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑟𝑒𝑒 [24] 

 

Weight of tree has to be estimated and the easiest way is to measure the circumference 

and height of the trunk. Circumference is measured 1.3 meters higher than tree’s up-

permost root vertebra. Height of tree can be evaluated using stick method or tree 

felling method. More information about those can be found from reference [26]. 

 

From the same web site can be found density tables of spruce and pine. When using 

these tables note that diameter of tree trunk is used. That is approximately circumfer-

ence divided by three.  

 

Total weight of tree can be calculated using volume of tree trunk and density of tree.  

 

𝑉𝑜𝑙𝑢𝑚𝑒 =  𝜋 ∗ (
𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒

2 ∗ 𝜋
)

2

∗ ℎ 

 

𝑊𝑒𝑖𝑔ℎ𝑡 = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝑉𝑜𝑙𝑢𝑚𝑒 

 

Note that only tree trunk is measured and taken into account. Leaves and branches are 

ignored. At Korkeasaari exists other tree species than spruces and pines, density of 

them has to be figured out before total calculations. 

5.4.8 Other 

All products used at Korkeasaari have to be taken into account when calculating total 

carbon footprint. Every device has an impact on the environment. Manufacturing, 

transportation, using and disposal are parts of life cycle of all devices. It is necessary 

to make some exclusions or ignore this part while calculating the carbon footprint.  

 

The carbon footprint calculation is made based on a set period of time. Calculation 

can be defined to start at a certain moment of time. Thus, already existing buildings 

and devices can be ignored. Only direct carbon dioxide emissions of those are taken 

into account. In practice this means that all products that go in to (or out of) 
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Korkeasaari have to be considered. For instance cutlery, animal care equipment, 

memorabilia etc. has to calculated. Material choices and origin affect directly the car-

bon footprint of all goods. 

 

Korkeasaari has a plan to renovate the Amazonia tropical house. New materials and 

devices have to be taken into account while calculating total carbon footprint of 

Korkeasaari. Wood is the most environmentally friendly building material if it is suit-

able for its intended purpose [23]. More information about environmental impacts of 

construction can be found from TAKE statement [24]: 

http://virtual.vtt.fi/virtual/proj6/environ2/rem/lcamanuaali2003.doc 

 

If Korkeasaari intends to invest into solar and wind energy, it should be noticed that 

renewable energy is not an emission-free alternative. Utilization of wind and solar as 

energy sources are emission-free but solar panels and wind turbines have their own 

climate burden. Aluminum and nickel are used for solar panels and wind turbines, and 

those metals have significant carbon footprints. Compared to a similar coal power 

plant, the payback time (of carbon footprint) of solar power plants is from one to sev-

en years. It can take even 12 years to repay carbon dioxide emissions caused by con-

struction of wind parks. [8] 

5.5 Buying compensation 

Carbon neutrality can be said to be achieved when all factors are added together and 

that sum is maximum 0. If it is not, there is possibility to buy some compensation. 

Compensation might be for instance buying a few trees to somewhere or funding 

some climate project. That is a trick but can be made due to market value. There are 

brokers that offer carbon offset products. One is e.g. Nordic Offset, more information 

can be found from reference [27]. 

 

5.6 Summary 

Calculating carbon footprint can be quite a complicated process if we take everything 

into account. One suggestion from us is that Korkeasaari takes only heating and elec-

tricity into account when considering carbon neutrality or environmentally friendli-

ness, since these two factors dominate the footprint and are easy to calculate. At the 

moment without any improvements the carbon footprint from electricity and heating 

in Korkeasaari while using emission-free hydro power and average district heat factor 

of Helen is: 

 

http://virtual.vtt.fi/virtual/proj6/environ2/rem/lcamanuaali2003.doc
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0 + 431.7 tCO2 = 431.7 tCO2 

 

Carbon footprint from electricity and heating in Korkeasaari while using average elec-

tricity consumption emission factor in Finland and average district heat factor of Hel-

en is: 

 

238.3 tCO2 + 431.7 tCO2 = 670.0 tCO2 

 

Now we will go briefly through everything we covered above in this section to gather 

our thoughts. 

 

Carbon footprint from electricity should be calculated by average emission factor in 

Finland. Although if PR value for being carbon neutral is the most significant goal, it 

is not illegal to say that there are no emissions from electricity usage in Korkeasaari. 

 

District heating is unambiguous to calculate. We can use the emission factor Helen 

gives us. 

 

Food carbon footprint calculation requires major effort. First, we should explore all 

the food bought annually. Then use known emission factors to calculate emissions. 

 

Waste is also challenging. It is easy to find out how much Korkeasaari produces 

waste. But there is no good information on internet how to approximate waste emis-

sions. The company that collects waste from Korkeasaari should be consulted. 

 

Transportation impact requires a lot of effort as well. First, we must know all different 

types of transportations and their distance covered. Then it is possible to calculate 

carbon footprint with known emission factors for different vehicles. 

 

Water is not a significant factor, but easy to calculate. 

 

Other products and materials are too complicated to take into account. 

 

Plants and trees for compensation is too large work to calculate without consultant 

service, and is probably an insignificant factor. 

 

Buying compensation is kind of cheating, but everybody does it so why wouldn’t 

Korkeasaari. And again, it’s always a good deed to help other environmentally friend-

ly projects. As we noticed it is rather difficult to become totally carbon neutral with-

out compensation. However, every small step to reduce emissions is important and we 

should not be disappointed that it is out of reach to be truly carbon neutral. 
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Online calculators for estimating carbon footprint can be found here: 

http://www.syke.fi/fi-

FI/Tutkimus__kehittaminen/Kulutuksen_ja_tuotannon_kestavyys/Laskurit/Laskureita

_hiilijalanjaljen_arviointiin_(3890) 
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http://www.puuinfo.fi/sites/default/files/content/info/puuinfon-julkaisut-kuluttajille/hyvatietaapuunkaytonymparistovaikutuksista.pdf
https://frantic.s3.amazonaws.com/smy/2014/10/Mets%C3%A4nmittausohjeet.pdf
http://www.nordicoffset.com/co2-kompensointi/
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http://ilmasto.org/ilmastonmuutos/kasvihuoneilmio-ja-ilmastonmuutos/kasvihuonekaasut
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6 Technologies to save energy 

This chapter gathers relevant technologies that can reduce carbon footprint in the zoo. 

6.1 Energy usage of buildings 

6.1.1 HVAC (Heating, ventilation and air conditioning) 

Heat and electricity are closely linked to each other, as they are often produced by 

burning the same fuels. In fact, heat and electricity are often produced at the same 

time in the same power plants in Finnish cities. These so-called combined heat and 

power (CHP) plants produce heat for the district heating network and electricity to the 

grid. Buildings can also be heated with electricity, either directly or with heat pumps. 

Therefore, we consider heat and electricity inseparable and will address them both 

together. 

 

Well over 2/3 of all energy consumed in both households [1] and service sector build-

ings [2] is used for space or water heating. Additionally, a Master’s thesis found that 

over 50 % of electricity consumed in large office buildings is used for HVAC (Heat-

ing, ventilation and air conditioning) purposes [3]. This fraction is likely to be less in 

smaller buildings, but still significant. Therefore, it follows that by far the most im-

portant decisions regarding building energy consumption are made during construc-

tion or major renovation [3]. This also means that efforts to improve energy efficiency 

of buildings should focus on these areas. 
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Figure 8. Total energy consumption of Finnish household buildings. [1] 

 

Effective ways to improve energy efficiency during construction or renovation in-

clude improved insulation, choice of heating system (e.g., heat pumps instead of di-

rect electric heating), and meaningful automation of ventilation, air conditioning and 

lighting. These choices have a major effect on a building’s long term energy con-

sumption for several decades. 

6.1.2 Building automation 

Building automation systems can be used to automatically control energy consuming 

devices, such as ventilation, air conditioning and lighting. This way these devices are 

only used when necessary, for example when people are using the space. However, 

very complex automation is often not an optimal solution. It has been found that the 

initial setup and ongoing maintenance of such systems is often neglected for various 

reasons [3]. 

 

Improperly automated systems do not conserve energy, and therefore it is important 

that the systems are installed and set up correctly. Furthermore, the maintenance and 

usage personnel should be knowledgeable enough about the systems and have enough 

time to properly keep the systems functioning optimally. Ideally, somebody should be 

responsible for following the operation of the systems and maintaining optimal effi-

ciency. 

 

Both the literature (e.g., [3]) and our own experience support the fact that ventilation, 

air conditioning, lighting, and the automation of these is usually poorly configured 



44 

 

and wastes energy. This is the case even in new buildings. Energy efficiency should 

be considered at every step during planning, construction, renovation, maintenance, 

and most importantly, usage. If somebody is not responsible for considering efficien-

cy at every step, the whole process is pointless. 

 

An example is the VAK system at Korkeasaari. It was installed some years ago and its 

purpose is to control, monitor and log electricity consumption in different buildings. 

However, it was not initially set up properly by the supplier, and nobody at the cus-

tomer side was directly responsible for the system. The system did not produce any 

useful data for years until the configuration and setup errors were corrected, starting 

in late 2016. Even now, 40 % of electricity consumption on the island is still unac-

counted for. 

6.1.3 Energy consumption in buildings 

Design of construction technology is not target of this project work. Nonetheless con-

struction technology significantly affects the consumption of energy, thus some prin-

ciples are presented in shorter manner. The most profitable is to improve energy effi-

ciency of buildings at the same time with another renovation.  

 

Energy consumption per year in buildings of different ages is presented in table 5. As 

can be seen buildings built in 1960–1980 are the major consumers of heating energy. 

Changing or replacing heating systems can reduce energy consumption. Energy sav-

ing potential can be even 50–70% with high quality of design and implementation. At 

the same time, it is a good to improve ventilation and insulation. [4] 

 

Table 5. Energy consumption per year in buildings of different periods. [4] 

 
 

The insulation of building must be good enough. Insulation capacity of insulation ma-

terials used in 1950–1960 is half of modern insulation materials. Cheapest and easiest 
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way is to add rock wool to roof insulation. That improves poor insulation of walls 

also. More demanding and thus expensive way is to add insulation to floor and to 

walls. When these kinds of renovations are made, it is recommended to implement 

improvement of insulation with high quality at the same time. [5] Table 6 presents 

some main principles of energy efficient construction. Main things are heat insulation 

of outer cast, well controlled ventilation system and meticulous execution which re-

quires professional planning. [4] 

 

Table 6. Principles of energy efficiency in buildings [4] 

Heat insulation of outer cast: 
• Wall: 250-300 mm mineral wool 
• Base floor: 200-300 mm Styrofoam 
• Upper floor: 400-500 mm rock wool 
• Energy efficient windows and doors  

Controlled ventilation and efficient heat recovery 
• Quiet and draft-free supply and exhaust air 
• Demand controlled ventilation 
• 60-80% temperature efficiency of heat recovery 

Meticulous execution  
• Professional design  
• Safe material choices 
• Safe structural solutions  
• Avoiding of air leaks and thermal bridge 

 

At Korkeasaari conditions inside buildings have to match to the origin climate of each 

animal. This is one reason why most of the buildings differs from average dwelling 

house, thus instruction given do not completely work for Korkeasaari. Nevertheless, 

old buildings are not energy efficient even at Korkeasaari. At the same time with other 

renovations it is recommended to complete decent energy renovation. 

 

Demand of heating, cooling and hydration differs even inside of same building. Some 

animals require hot climate at the daytime and cold climate at nights. Other animals 

need warm humid climate whole day. How to make conditions suitable for each spe-

cies with high energy efficiency? For example, when renovation to Amazonia is 

planned these kinds of problems have to be solved. 

6.1.4 Energy consumption of heated buildings in Korkeasaari 

Table 5 mainly applies to residential buildings so it is not perfectly suitable to 

Korkeasaari that consists of many special buildings. However, the components affect-

ing energy consumption are mostly the same: insulation materials, ventilation system 

and overall quality of building materials. Energy consumptions of heated buildings in 
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Korkeasaari are estimated in table 7 according to Korkeasaari building data and the 

average values in table 5. There are also two future scenarios calculated to give an 

idea on how much energy consumption could possibly be decreased just be renovating 

the buildings with today’s technology. 

 

Table 7. Principles of energy efficiency in buildings [4] 

 
 

As said earlier, the absolute values may not be realistic as the average values apply to 

residential buildings. More informative is to look at the difference because the differ-

ence is caused by better building technologies and materials. 

 

Upgrading all the heated buildings into the newest class of the table 5 could decrease 

the energy consumption by about 12 %. Upgrade to so-called Eco buildings could 

theoretically save even about 40 %. Eco buildings might be too extreme goal as they 

are expensive and for sure difficult to implement in case of animal facilities. Never-

theless 12 % would be a significant decrease. It could be achieved simply by renovat-

ing all heated buildings by using high quality materials and good design. According to 

the VTT research, the building contractors say that increasing energy efficiency for a 

new building costs as little as 2 % more compared to a normal new building [4]. This 

means that a good moment to think about the energy efficiency in Korkeasaari is 

when a building is going through a complete renovation. 

 

6.1.5 Amazonia tropical house 

The big tropical house called Amazonia will go through a complete renovation in the 

near future. It is one of the most energy consuming buildings so there is a nice possi-

bility to increase the energy efficiency. 
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When visiting Amazonia, we noticed that the plastic window panels have a matte sur-

face. The building has really a lot of window area which makes it similar to green-

houses. The idea is to harvest solar energy inside the building by allowing light to 

enter through the windows and heat the interior. The matte window surface blocks 

some of this solar energy. Thus, upgrading the window panels to transparent ones 

would enhance solar energy harvesting. 

6.1.6 References 

[1] http://www.stat.fi/til/asen/2015/asen_2015_2016-11-18_tie_001_fi.html Retrieved 

on 1st April 2017 

[2] 

https://www.motiva.fi/etusivu_2010/toimialueet/energiakatselmustoiminta/tem_n_tuk

emat_energiakatselmukset/tilastotietoa_katselmuksista/palvelusektorin_ominaiskulutu

ksia Retrieved on 1st April 2017 

[3] https://aaltodoc.aalto.fi/handle/123456789/1100 Retrieved on 1st April 2017 

[4] 

http://www.julkisivuyhdistys.fi/julkkari2/images/stories/File/energiaseminaari08/Tuo

maala.pdf Retrieved on 8th April 2017 

[5] https://www.yhteishyva.fi/arjen-apu/vanhan-talon-energiaremontti/0575362 Re-

trieved on 8th April 2017 

6.2 Heat pumps 

A heat pump is a device which absorbs thermal energy from a cold space and releases 

it to a warmer space. External energy is required for this process. Therefore, heat 

pumps consume electricity. However, heat pumps are typically over three times more 

effective at heating than typical radiators which use resistors to convert electricity into 

heat. [1] 

 

For a long time, there has been a debate over whether heat pumps or CHP (Combined 

Heat and Power) plants with district heating network provide the most efficient heat-

ing. In theory, heat pumps are a lot more efficient than thermal power plants. Howev-

er, CHP plants use the heat which is a leftover from electricity production and that 

heat would typically not be used without a district heating system. Another benefit 

with district heating network is that it is not as technology dependent as heat pump 

http://www.stat.fi/til/asen/2015/asen_2015_2016-11-18_tie_001_fi.html
https://www.motiva.fi/etusivu_2010/toimialueet/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/tilastotietoa_katselmuksista/palvelusektorin_ominaiskulutuksia
https://www.motiva.fi/etusivu_2010/toimialueet/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/tilastotietoa_katselmuksista/palvelusektorin_ominaiskulutuksia
https://www.motiva.fi/etusivu_2010/toimialueet/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/tilastotietoa_katselmuksista/palvelusektorin_ominaiskulutuksia
https://aaltodoc.aalto.fi/handle/123456789/1100
http://www.julkisivuyhdistys.fi/julkkari2/images/stories/File/energiaseminaari08/Tuomaala.pdf
http://www.julkisivuyhdistys.fi/julkkari2/images/stories/File/energiaseminaari08/Tuomaala.pdf
https://www.yhteishyva.fi/arjen-apu/vanhan-talon-energiaremontti/0575362
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installations in single houses: district heating pipes can be fed with heat from CHP 

plants but with other heat sources as well, e.g. heat from data centers or geothermal 

energy. [7] 

6.2.1 Air source heat pump 

An air source heat pump (ASHP) is subtype of heat pumps: it transfers heat from out-

side air to inside a building. It can additionally be used for cooling down air inside a 

building. ASHPs are able to get heat from outside air even when the temperature is as 

low as -15 °C. Air source heat pumps can last for around 20 years and they do not 

require a lot of maintenance. [2] 

 

The COP (Coefficient of performance) of ASHPs is about 3 when temperature is -3 

°C. COP of 3 means that 3 units of heating energy is produced with one unit of elec-

trical energy. [3] 

6.2.2 Exhaust air heat pump 

Exhaust air heat pumps (EAHP, poistoilmalämpöpumppu (PILP)) make use of the 

heat in the exhaust air of the ventilation system. Exhaust air is warm all year round, 

and so is well suited to supplement any other kind of heating system in buildings with 

forced ventilation. EAHPs are typically installed in all modern buildings, and they are 

also suitable for retrofitting in older buildings. In one case, significant energy savings 

were achieved with a retrofitted EAHP in a district heated residential block of flats 

built in 1978 [4]. The payback time of the investment was approximately 8 years [4]. 

6.2.3 Ground source heat pump 

Ground source heat pump (GHP) is a heating or cooling system which transfers heat 

from ground to inside a building or heat from a building to the ground. While GHP 

systems are usually more expensive initially to install than other heating and cooling 

systems, their greater efficiency means the investment can be recouped in two to ten 

years. The temperature beneath the upper 6 metres of Earth's surface maintains a near-

ly constant temperature between 10 and 16 °C. GHP systems can utilize this heat to 

heat the building. [5][6] 

 

GHP systems reach fairly high COP, e.g. from 3 to 6 on the coldest winter nights, 

compared to COP 1.75 – 2.5 for air source heat pumps on cool days. Ground source 

heat pumps are among the most energy efficient technologies for providing HVAC 
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and water heating. Working life for GHP systems is estimated at 25 years for inside 

components and 50+ years for the ground loop. [6] 

6.2.4 Water source heat pump 

Water source heat pump has the same functional idea as GHP, but it transfers heat 

from water. Unfortunately using water as a heating source in Helsinki is challenging. 

In summer time, it is possible but during winter the water is too cold. Warm enough 

water could be found if it was deep enough. Unfortunately, in Helsinki coast water is 

too shallow and thus too cold for water source heat pump to be efficient. On the other 

hand, this is a technology that is not common in Finland so more investigation would 

be needed to expose its real potential. [8][9] 

6.2.5 Relevance for Korkeasaari 

We know there’s some ASHP systems in Korkeasaari, but unfortunately during this 

project we couldn’t find out the exact amount. We suggest investigating the potential 

spaces where ASHP could be implemented. As discussed in section Calculating car-

bon footprint – Heating, with right outside temperature an ASHP reduces total carbon 

footprint. 

 

We contacted a heat pump retailer Spinea Oy – ilmalämpöpumppu.fi and asked 

whether it is profitable to install a heat pump to a basic office space when there’s dis-

trict heating available (as there’s in Korkeasaari). He answered to us that if district 

heating operating costs increase by 5–7 % then it is profitable to install a heat pump. 

Basically, the greatest benefit is achieved when heat pump is installed in a space 

which is heated directly by electricity or oil. Again, we asked in which situations a 

heat pump can achieve the efficiency they mentioned in their ilmalämpöpumppu.fi 

website (1 kW electricity produces 4 kW heat). The answer was that in 7 °C some 

heat pumps can produce 5 kW heat with 1 kW electricity.  

 

Our view is that Korkeasaari shouldn’t install ASHP in district heated spaces. Reduc-

ing carbon footprint in this case is not a significant reason enough for implementation. 

Especially when we consider that the ASHP material and installation effect is not tak-

en into account in our carbon footprint calculation with ASHP. It means that the actu-

al total effect for nature is somewhere beyond the theoretical result. However, if the 

operating costs for district heating increase and/or carbon emissions for electricity and 

district heating production change it may be profitable to implement heat pumps. 

However, a heat pump is a good choice anytime for spaces in Korkeasaari that don’t 

have district heating. 
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Exhaust air heat pump is a good idea for Korkeasaari. In this case, it doesn’t matter if 

the heating method is district heating or electricity, because waste heating energy is 

waste in any case and it is better to restore it into use. There’s already a wide market 

for this technology. 

 

Ground source heat pumps are expensive for Korkeasaari and not feasible if the oper-

ating costs for district heating is on the current level. Water source heat pumps are not 

feasible. However, both could add PR value. 

6.2.6 References 

[1] Bundschuh, Jochen; Chen, Guangnan (2014-03-07). Sustainable Energy Solutions 

in Agriculture. CRC Press. p. 111. ISBN 9781315778716 

[2] http://www.energysavingtrust.org.uk/renewable-energy/heat/air-source-heat-

pumps  

[3] http://www.icax.co.uk/Air_Source_Heat_Pumps.html  

[4] http://www.stadinilmasto.fi/2016/11/18/hoas-saavuttanut-merkittavia-saastoja-

poistoilmalampopumpuilla/  

[5] http://www.nrel.gov/docs/legosti/fy98/24782.pdf  

[6] 

https://books.google.fi/books?id=09AOdIMDlMEC&printsec=frontcover&hl=fi&sou

rce=gbs_ge_summary_r&cad=0#v=onepage&q&f=false  

[7] http://blog.environmentalresearchweb.org/2013/04/13/heat-pumps-v-chpdh/  

[8] https://www.helen.fi/helen-oy/ajankohtaista/blogi/2017/lisaa-lampopumppuja-

helsinkiin/ 

[9] http://www.kaleva.fi/uutiset/talous/jokivedesta-ei-heru-lampoa/342914/  

6.3 Lighting 

Lighting is an essential part when reducing energy consumption. Lighting consumes 

approximately 15 % of the world total electricity usage. Different kind of lights have 

different characteristics that defines electricity intake. Lighting energy (J) is Power 

(W) x time (h). In order to find out the total consumption we need to find out power 

consumption of each lamp and its on-time.  The goal is to increase lighting energy 

efficiency in a way that there’s still enough light in every space when light is needed. 
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https://books.google.fi/books?id=09AOdIMDlMEC&printsec=frontcover&hl=fi&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
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http://www.kaleva.fi/uutiset/talous/jokivedesta-ei-heru-lampoa/342914/
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Lighting energy consumption can be reduced by decreasing power intake of each 

light. This is possible by switching old lights to new energy efficient technologies. 

Other important way to reduce consumption is getting rid of waste light. Waste light 

is lighting in spaces where light is not needed and lighting at times when it is not 

needed. Waste light reduction is possible by using occupancy sensors and integrating 

daylight. Occupancy sensor is a device that detects occupancy of a space by people 

and turns the lights on. When there’s no movement lights go off after a time delay. [1] 

[2] 

 

There are various lighting technologies. Every technology has its pros and cons. It is 

also important to know what kind of light is needed and in what conditions. Lighting 

system consists of lamps, ballasts, starters, luminaires and controls. Lamps, ballasts 

and starters are mounted in the luminaire with the wiring and lamp bases. Reflectors 

distribute and redirect the light emitted from the lamp and louvers shield the user from 

glare. Control systems interact with the building when they are installed. Lighting 

system components must be compatible. Even the best lamp loses its advantages when 

used with poor or incompatible luminaire, ballast or control system. [3] 

6.3.1 Lamp technologies 

Table 8. Lamp technologies [3, page 96] 
Lamp type Characteristics 

Luminous 
efficacy 
(lm/W) 

Lamp 
life (h) 

Cost of 
installation 

Cost of 
Operation 

Applications 

Incandescent 5-15 1000 low very high general lighting 

Tungsten halo-
gen 

12-35 2000-
4000 

low high general lighting 

Mercury vapor 40-60 12000 moderate moderate outdoor lighting 

Compact Fluo-
rescent Lamp 

40-65 6000-
12000 

low low general lighting 

Fluorescent 
lamp 

50-100 10000- 
16000 

low low general lighting 

Induction lamp 60-80 60000- 
100000 

high low places where access 
for maintenance is 
difficult 

Metal halide 50-100 6000-
12000 

high low shopping malls, 
commercial buildings 

High pressure 
sodium (stand-
ard) 

80-100 12000- 
16000 

high low outdoor, streets 
lighting, warehouse 

High pressure 
sodium (color 

40-60 6000-
10000 

high low outdoor, commercial 
interior lighting 
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improved) 

LEDs 20-120 20000- 
100000 

high low all in near future 

 

Table 8 compares the main lamp technologies and their basic characteristics. Lumi-

nous efficacy tells how much power is needed to produce certain amount of lumens. A 

large number is good from energy efficiency point of view.  Lamp life tells how many 

hours lamp can be switched on before it needs to be replaced. 

 

As it can be seen in table 8, LED is the most versatile technology. Thus, it can be the 

best solution in most cases. LED advantages are small size, physically robust, long 

lifetime, switching has no effect on life, very short rise time, no mercury, excellent 

low ambient temperature operation, high luminous efficacy. Disadvantages are high 

price, risk of glare and need for thermal management. Other good options excluding 

LED in indoor lighting would be CFL or fluorescent lamp. Fluorescent lamps have 

good efficacy and reasonable life time. Disadvantage is that they contain mercury, 

which is hazardous for the environment. [3] 

 

Although there’s some points that should be taken into account when we select new 

LED lamps. There’s a wide price range for LEDs. It is likely that if we buy more ex-

pensive ones, we save time and money in installation and maintenance. If a space 

needs a good work light we should buy a led with high lumen value. If lighting is for 

animals, it should imitate natural light. Thus, we need to pay attention to LED light 

spectrum. LED lamp lifetime is usually informed with the assumption that the operat-

ing temperature is 25 °C. Rule of thumb for 10 °C increase in temperature means half 

shorter LED life time. If LED is in enclosed ballast, it is likely that temperature will 

be more than 25 degrees. [11] 

6.3.2 Retired Lamp Technologies 

A few technologies have been banned from the markets within the European Union 

due to their low efficiency and harmful substance content. It is impossible to acci-

dentally buy these products, since they are not available anymore. The retired tech-

nologies are incandescent lamps, tungsten halogen lamps, mercury-vapor lamps and 

certain sodium-vapor lamps. 

 

Incandescent lamps were banned from markets in 2012. Tungsten halogen lamps will 

be banned gradually between 2016–2018. These lamps have been mainly replaced by 

CFL and LED. Mercury-vapor lamps and sodium-vapor lamps were banned in 2015. 

These two technologies are used mainly in outdoor lighting. These lamps can be re-

placed with LEDs, metal-halide lamps or high efficiency sodium-vapor lamps, de-
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pending on the application. In outdoor pedestrian lighting, LEDs or metal-halide 

lamps are preferred over sodium-vapor lamps due to the color of the light. 

 

If Korkeasaari has still these technologies in use and there is still some stock left for 

these retired technologies, it is a good idea to use those first. Though at the latest 

when stock is empty it is time to change for the new technologies. It is good to re-

member that the whole system (lamps, ballasts, starters, luminaires and controls) must 

be reconsidered. [4][5][6] 

6.3.3 Daylight integration 

Daylight integration is a way to use outdoor light indoors. It is possible to integrate 

both daylight and electrical light. This kind of hybrid lighting system requires a day-

light system, an electrical lighting system, a lighting control system and a hybrid lu-

minaire. The advantage is that daylight is free when available.  Daylight system can 

be just a simple window but also for example a heliostat that collects daylight and 

distributes it inside through optical fibers. 

 

 
Figure 9. Hybrid Solar Lighting. Illustrations from Oak Ridge National Library 
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Figure 10. Pictures from an Arthelio project installation in Berlin. The heliostat on the 

roof supplies the light pipe with concentrated sunlight (left). An electrical light source 

supplies the light pipes with electrical light when needed (right). [3] 

6.3.4 Outdoor lighting 

Outdoor lighting differs from indoor lighting that weather conditions are more chal-

lenging. For that reason, the luminaire must protect the lamp. In lamp technology se-

lection, same laws apply as indoors. LED light is the most versatile option and most 

of new smart lighting companies offers LED lamps in their solutions. 

 

The most significant factor in outdoor lighting is the great amount of daylight. When 

sunlight is available, lighting can be turned off and when it gets dark light should be 

turned on. During quiet night times lights can be dimmed and when there’s more 

movement lights can again increase their power. This requires an integrated system 

that consists of sensors, lighting systems with control units and human interface unit. 

[7] 

6.3.5 Measuring lighting energy consumption and implementation 

Standard SFS-EN15193 gives guidelines for calculating lighting energy consumption. 

It offers procedures for estimating public building indoor lighting. This estimation 

gives a LENI indicator which is lighting energy consumption divided by area. By cal-

culating LENI indicator before and after new improvements, it is possible to find out 

how significant benefit is achieved. 

 

Acquiring a smart controllable lighting system requires good communication between 

client and system supplier. The initial step is to determine the needs for lighting in 

different spaces. Then it is possible to design what kind of controls and lights these 

spaces need. After this it is possible to ask offers from different lighting system sup-

pliers. After implementation, it is important that end users will get training for the 

new system. Otherwise it is possible that system is used in a wrong way and in that 

case the result might be worse than before. 

 

Easy option would be to simply change old lamps to new energy efficient lamps with-

out investment to a new control system. And this is the best solution in places where 

lights are practically always on (plus no daylight available) or always closed. But in 

other cases where a certain space is needed frequently and there is daylight available, 

a smart controlling system can be more significant than the selection of lamp. 
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According to Sinisalo’s Master’s Thesis the decrease of energy consumption in light-

ing didn’t have a significant effect on the net present value of life-cycle costs. The 

most significant factor is the initial investment. Some expensive new lighting systems 

in office buildings turned profitable after 15 years. On the other hand, there are more 

and more competition in lighting business which decreases price levels of initial in-

vestments. While these prices decrease, investing to a new lighting system becomes 

even sooner profitable in financial perspective. Although it is always recommended to 

invest in energy efficient lighting when the priority is decreasing carbon footprint. 

[8][9] 

6.3.6 Relevance for Korkeasaari 

During our visit in Korkeasaari we understood that some old technologies has been 

changed to LEDs around Korkeasaari. It is the right direction. However, this work has 

not reached its full potential to reduce carbon footprint. Especially the saving potential 

in implementing lighting control systems should be used. The VAK system in 

Korkeasaari controls some parts of the lighting around the Zoo. It is extremely im-

portant to check the full potential of that system and see if it is used in a correct man-

ner. 

 

It is important that every space where lighting is needed we investigate when the 

lights should be on. Only after that we can set the control system parameters to act in 

an energy saving way. If it feels too large task to find out the real needs for lighting in 

a space, Ensto offers their smart lighting product which doesn’t need any input from 

the end user. After this Ensto product is installed it takes a few days to learn its sur-

roundings’ needs for light and it adjusts the lighting specifically for the space it is 

installed by itself. More information can be found from Ensto DPML website [10]. 

 

Daylight integration would add great PR value for Korkeasaari. It would be easy to 

demonstrate that for visitors if there would be for example a lightpipe or fiber lighting 

in the tunnel that connects Africasia and Amazonia. 

 

Korkeasaari could ask assistance from lighting companies. For example, 

www.valopaa.com offers smart outdoor lighting systems. 

http://www.lighting.philips.fi/ offers both indoor and outdoor lighting systems. Also, 

Korkeasaari could ask assistance from Caverion that has delivered the current VAK 

system that what is the potential with the current control system. 

http://www.valopaa.com/
http://www.lighting.philips.fi/
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6.4 Demand response 

6.4.1 The power system and its flexibility 

The power system works so that the electricity production matches the electricity con-

sumption all the time. Consumers take any amount of power they need and anytime 

they need. The power system must be capable of responding to the changes of con-

sumed power. Conventionally it is done by adjusting the amount of produced power 

in real time. When consumers increase their consumption for example in the morning, 

some power plants increase their power production automatically to maintain the bal-

ance in the power system. This kind of regulating power production is for example 

hydropower and coal power. Wind and solar power cannot regulate the production as 
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they depend on weather conditions. Also, nuclear power is not regulating as nuclear 

power plants are normally running at full power. 

 

In the 21st century the power system has started to change rapidly. Renewable energy 

production is taking bigger and bigger part of the total energy production. On the oth-

er hand, the use of conventional polluting energy sources such as coal is being de-

creased in order to preserve the environment and the climate. Hydro power production 

in Finland is quite fixed as there are not many new potential places for hydro power 

plants. 

 

This means that we have less regulating production and more unpredictable produc-

tion. Wind and solar power actually increase the need of power regulation because 

their production is mostly unpredictable. This development endangers the stability of 

the power system. There must remain some regulating capacity available to respond to 

the changes on the consumption side anytime, even during the hours of highest loads. 

The power system is dimensioned so that it can handle the maximum possible power 

consumption. Consumers naturally tend to draw high power at the same time because 

people carry out their everyday tasks roughly at the same time. At night time the pow-

er system is only lightly loaded. 

 

Basically, consumers do not pay for the availability of power. According to normal 

fixed-cost electricity contracts they only pay for the energy they use. It means the 

conventional electricity markets don’t guide the consumers to distribute their energy 

consumption more constantly over a day. But as a result of the decreasing flexibility 

of the power production we need to increase the flexibility on the consumption side. If 

consumers didn’t consume electricity so much at the same time, the power system 

wouldn’t need to be dimensioned to handle such high instantaneous loads. That de-

velopment will help us replace polluting electricity production with cleaner but inflex-

ible energy production, such as wind, solar and nuclear. 

 

Flexibility of consumption is called demand response. It doesn’t decrease the energy 

consumption significantly but it decreases the usage of polluting electricity production 

methods in the power system. Demand response is not a new innovation but today its 

significance is rapidly growing. 
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6.4.2 Three main possibilities of demand response from consumer 

point of view 

6.4.2.1 Shifting the electricity consumption to hours when electricity 

is consumed less in general. 

A consumer can choose to run electrical devices when the power system is not having 

a high load. It can be done manually or automatically. Decreasing the highest loads in 

the power system ensures that the power system has sufficient production capacity 

even if the weather conditions are not favorable for renewable energy production. 

 

The price of electricity in the market is low when there is a lot of production capacity 

available in the power system, in other words when the system is not heavily loaded. 

Contrarily the market price is high when the system is heavily loaded and there is not 

much additional capacity available. If a consumer shifts the consumption to the hours 

of light load, the cheap hours, he can have financial benefits in form of cheaper elec-

tricity price. This requires an electricity contract which is bound directly to the elec-

tricity market price. Energy companies offer these kinds of electricity contracts. 

6.4.2.2 Participating in the quick-response regulation of the power 

system. 

In addition to the hourly changes of load, there are small changes of load happening 

every single moment in the power system. The regulating production is responding to 

it all the time. However, sometimes a technical failure occurs in the power system and 

it faces very quick and big fluctuations. The system balance can be lost in a very short 

period of time so the system must be able to respond quickly enough to the changes. 

 

Consumers can participate in the quick-response regulation by allowing an automatic 

decrease (or even increase) of their load when fluctuations in the electricity frequency 

of the power system are measured. Also, the Transmission System Operator (Fingrid 

Oyj) may request a decrease of the load when it is needed. This way consumer flexi-

bility can help the system to maintain its crucial balance even if there is not much 

conventional production available for quick-response regulation. 

 

This has been done for some time by big industrial customers whose power demand is 

so high that changing it has significant effects on the power system. These days this 

opportunity is being brought down to smaller consumers. One small consumer cannot 

help the power system significantly but a big group of small consumers can. The con-

sumer who participate in the quick-response reserve receives financial compensation. 
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6.4.2.3 Participating in the regulation with reserve power. 

An industrial or commercial consumer may have reserve power generators to secure 

their own activities in case of an outage of the supplying electricity network. Outages 

affecting such consumers occur rarely in Finland so most of the time the reserve pow-

er generators are not used. Reserve power generators can participate in the electricity 

markets if they fulfil certain technical requirements. 

 

A reserve power generator can be controlled similarly as a load in section 6.4.2.2. 

When the power system frequency gets too low the reserve power generator is auto-

matically started to produce support to the power system. When the balance in the 

power system is again established, the reserve power generator is shut down. 

 

Another possibility is to participate in the reserve power markets. The consumer hav-

ing a reserve power generator can determine beforehand the hours when its reserve 

power generator will be available. Then if necessary, the TSO (Fingrid Oyj) activates 

some reserve power which is currently available in the reserve power market. The use 

of reserve power generators is compensated according to the market price of electrici-

ty. 

6.4.3 Limitations 

To participate in demand response according to options 6.4.2.2 and 6.4.2.3 there are 

minimum power limits by Fingrid that you need to exceed. 

 

“Frequency controlled normal operation reserve” (FCR-N) is the most (economically) 

attractive option of demand response for industry at the moment. The minimum limit 

100 kW means that you need to be able to automatically increase or decrease the 

power demand at least with 100 kW whenever it is needed (many times over a day). 

 

There are several different power reserve options that a reserve power generator can 

participate in. The minimum power limit is 1 MW. 

6.4.4 Suitable appliances for demand response 

Considering power demand, heating equipment is clearly the most significant func-

tionality in a building. The structure of a building is also storing heat energy. High 

heat capacity makes the inside temperature slow to react to changes of the heating 

power. Thus, the utilization time periods of the electric heating equipment can easily 

be shifted within a day which makes heating equipment the most commonly used ap-
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pliances for demand response. A building can be slightly overheated for example 

overnight so that the heating power can be kept low over daytime. Also, it is possible 

to cut off the heating for a while. The inside temperature will not be affected too 

much. Fluctuations of a couple of degrees between days and nights is no problem. 

 

Cold storages are suitable for demand response. They behave in the same way than 

heating. The temperature changes in cold storage spaces are not quick. 

 

Air ventilation is another appliance which can be adjusted without having immediate 

changes in building conditions. The air quality does not get bad too quickly even if 

the ventilation is turned off for some time. As mentioned earlier, demand response 

may mean also increasing the load. Air ventilation devices are good for that because 

increasing air ventilation does not cause any harm. It even makes the conditions better 

when increased for some time. 

 

Lighting can be adjusted about 30 % down without disturbing people in the space. 

Thus, lighting in big areas such as shopping malls and industrial halls can be used for 

demand response. 

 

Charging an electric vehicle is a suitable appliance for demand response. Especially a 

quick charge takes a high power. Electric vehicles should be charged during the cheap 

hours when the power system is not heavily loaded. 

6.4.5 Suitability in Korkeasaari 

Almost all heating in Korkeasaari is done by using district heating which is the most 

reasonable option as the heating network already reaches the place. Considering de-

mand response possibilities there still remain ventilation, lighting and cold storages 

which could participate in demand response. 

 

The electricity demand of Korkeasaari is quite constant over the seasons as electricity 

is not really used for heating. In 2015, the monthly electricity consumption varied 

between 147 000 – 186 000 kWh. Measured on 15th June 2015 the electricity demand 

in one hour was 138 – 366 kWh. Thus, the hourly average power demand is 138 – 366 

kW. 

 

For the option 6.4.2.2 the minimum power limit of 100 kW is very high for 

Korkeasaari. The reason for that is the wide areal distribution of electricity consump-

tion points. Electricity is consumed by around 30 different buildings and by small 

separate electrical devices. To be able to decrease the power demand by 100 kW all 

the devices should be under control of a control system. Still 100 kW decrease would 
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be a lot because there are no powerful devices like heating system to be completely 

switched off for some time. For example, lighting power demand can be reduced only 

by 30 %. 

 

The option 3 is not possible as Korkeasaari doesn’t have any significant reserve power 

generators. They are neither planning to acquire more reserve power. But even if they 

would, there will not be 1 MW reserve power generators as the maximum power de-

mand of the island is only around 366 kW. 

 

The option 1 is different. There only needs to be a control system that runs electrical 

devices when electricity market price is low. To do this a consumer doesn’t need to 

fulfill any technical requirements or have any contracts with energy companies. Any-

one can decide when and how much to use electricity and it can be done manually or 

automatically. 

 

The option 1 could be possible in Korkeasaari. They already have a “VAK” system, a 

control center that controls functionalities of most of the buildings all over the island. 

In the best case implementing this kind of load shifting demand response would only 

require configuration updates in the control center. But it depends on how the electri-

cal devices are connected at the buildings. Different kind of appliances have different 

characteristics and requirements when used for demand response which means they 

need to be separately controlled. For example, lighting cannot be shut down while an 

air conditioning system may be. This opportunity should definitely be taken into ac-

count when renovating old buildings and building new ones. Including a smart elec-

tricity system in a building project does not increase the cost a lot as the electronic 

equipment is basically very cheap. But modifying the building afterwards is a major 

work and thus a lot more expensive. It is sure that smart electricity systems will be-

come rapidly more popular in new buildings as the development is now only at the 

beginning, regarding small buildings like private apartments. Big offices and com-

mercial buildings are already controlled with a lot of automation. 

6.4.6 Demand response load aggregation 

Fingrid has the minimum power limits for power system connected demand response 

because they need to have a controllable system which do not consist of an unreason-

ably large number of different parties. But technically it doesn’t matter if a 100 kW 

power regulation availability consists of one single big load or of hundreds of small 

separate loads. For Fingrid it is important to know what is available and that the avail-

able amount of regulation really happens when required. 
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There are pilot projects going on where an energy company or a third-party company 

called “demand response aggregator” gathers a big number of small loads to partici-

pate together in demand response. The company installs appropriate control equip-

ment into the participants’ buildings and controls the participant group so that they 

can offer Fingrid more than 100 kW of total flexibility. At the moment, these pilots 

are concentrating on homes with electric heating and electric water boilers which 

means roughly 10+3 kW / house. But it is sure that in the future there will be more 

possibilities once the companies have got experience how to manage these things. So 

called demand response aggregators do not exist yet but the business will most likely 

start soon after having enough experience from the pilot projects. 

 

There are three cold storage rooms in “Rehukeittiö” in Korkeasaari. Similarly to heat-

ing, cold storage is quite a good appliance for demand response. We could not have 

the information about the power demand of the cold storage rooms but a reasonable 

estimate would be total of 10 kW. That is roughly the same than the heating power of 

a home. Rehukeittiö could participate in aggregated frequency controlled demand 

response. Of course, Rehukeittiö can be used like in the option 1 as well. Both possi-

bilities are nice demand response. However, considering the frequency controlled 

demand response, Rehukeittiö is the only realistic possibility in Korkeasaari currently. 

6.4.7 Summary and conclusions 

Demand response is consumer side flexibility of electricity consumption. Demand 

response helps the power system to operate reliably and in an environmentally friend-

ly way. Renewable energy production decreases the flexibility of the power system. 

To enable utilization of such production the flexibility is acquired on the consumer 

side. 

 

There are two kind of demand response. Considering time, the small-scale demand 

response is quick regulation (usually decrease) of consumption which helps the power 

system to maintain its balance in situations when the production power or consump-

tion power changes suddenly (which happens all the time). The larger scale demand 

response is shifting the electricity consumption to moments when electricity is cheap, 

in other words when the consumption in the power system is low or when there is a 

lot of renewable production available. Smaller instantaneous power demands in the 

power system decreases the use of polluting electricity production. 

 

The cold storage rooms in Rehukeittiö in Korkeasaari has roughly the same power 

demand as electric heating in a home. The cold storages could participate in the fre-

quency controlled (quick) regulation with a demand response aggregator company 
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which will most likely start their business in the near future. Fingrid gives a financial 

compensation for participating in frequency controlled reserves. 

 

There is already a centralized building automation control system (“VAK”) in 

Korkeasaari. The system could be upgraded or configured to enable the possibility to 

control electrical devices according to the electricity market price. Electric heating, 

cold storages, air ventilation, electric vehicle charging, and temporary high power 

drawing actions could be shifted to cheap hours to avoid high peak loads in the power 

system. This can be done with a smarter centralized control system. Rehukeittiö is 

suitable for this as well as for aggregated quick response regulation. 
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6.5 Energy storages 

6.5.1 Renewable and non-renewable production 

Non-renewable electricity production is basically burning oil, gas or coal. The fuel 

contains energy. Burning the fuel converts its energy to heat which is used to generate 

electricity. The process is about changing the form of energy. 

 

Renewable energy production is often called “energy harvesting”. It means that ener-

gy is taken from external sources which are naturally replenished on a human time-

scale. The most common renewable electricity production methods are solar, wind 

and hydro. The last is not interesting regarding Korkeasaari so let’s consider only so-

lar and wind. 

 

Using non-renewable production is straightforward. Fuel is burned to generate elec-

tricity when it is needed. It doesn’t matter when it is done as a fixed amount of fuel is 

consumed with respect to the amount of generated electricity. But as far as wind and 

solar are concerned, the energy source can be considered unlimited in a way that the 

amount of energy produced out of it doesn’t affect how much it will be available in 

the next moment, in the next day, etc. It is not possible to “run out” of solar and wind 

energy sources. It also doesn’t cost anything to produce wind and solar energy once 

the investment costs of the devices have been paid. 

 

Thus, the maximum available power from renewable production units should always 

be exploited even if the power production was higher than the demand. Wind and so-

lar production is free of costs and pollution after the commissioning of the devices so 

we don’t want to lose such nice energy at the moments of overproduction. This is 

where energy storages are needed. We want to store the surplus energy and use it later 

when wind and solar are not available for example due to weather conditions like 

night, calm day or cloudy day. There are different bigger scale means to store energy 

but a normal electricity consumer, private or industrial, can basically store energy 

electrically in batteries and thermally in building structures. In Korkeasaari case only 

batteries are considered as heating is not done electrically. 

 

Normally when talking about energy storages it is about optimizing and timing elec-

tricity production and consumption regarding renewable energy. UPS (uninterruptible 

power supply) and other kind of reserve power sources may also literally be energy 

https://www.helen.fi/sahko/suuryritykset/sahkon-kysyntajousto/
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storages but the “energy storage” definition is not very often used. In this chapter, we 

are not talking about reserve power related energy storages. The idea of reserve power 

energy storage is to keep it fully energized all the time in case of a sudden loss of 

power supply. Thus, that kind of storages cannot serve as components of the renewa-

ble energy system. 

6.5.2 Korkeasaari point of view 

When the ongoing solar energy project in Korkeasaari is finished, there is a solar pro-

duction capacity of 100 kWp. The minimum daily power demand is around 140 kW at 

night time. Solar power is naturally not available at night time. Thus, the simultaneous 

difference between the consumption and production is significantly higher. The day-

time consumption is 250–350 kW. 

 

The solar panels are connected to the electricity network of the island and that way 

also to the distribution network. There are no separate microgrids. This means that all 

electrical devices take their supply from the grid. Thus, there is no surplus solar ener-

gy that would be necessary to be stored in batteries. 

 

The solar panels are being installed by Helen. Korkeasaari has a contract with them 

that involves possibility to sell surplus electricity to the distribution grid. It will not 

happen as calculated earlier. However, it is possible for consumers to sell electricity to 

the grid. Despite that, considering the green aspects of the power system it is a better 

solution to have energy storages. In the future, there may be a situation when the con-

sumption in the power system is low but the availability of renewable electricity pro-

duction is higher. In that case, all the “free of charge” and clean renewable energy 

cannot be consumed by supplying it to the grid. It is good to store such environmen-

tally friendly energy. The energy stored in batteries will never be wasted. It will be 

used when the weather conditions decrease the availability of renewable power and 

the consumption in the system increases. 

 

The timing is an important thing to understand when talking about the environmental-

ly friendliness of the power system. All the renewable energy should always be used 

or stored and on the other hand high total power demand in the power system should 

be avoided because the availability of renewable energy production is limited. 

6.5.3 Summary 

Currently there is no need for energy storages (batteries) in Korkeasaari. The electrici-

ty consumption is always higher than the maximum power of the renewable energy 
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production. All the consuming devices and the productive devices are connected to 

the electricity network of the island and the city. It makes it easy to look at the total 

consumption and the total production and evaluate the situation regarding the need for 

energy storages. When the production possibly gets higher than the consumption in 

the future, acquiring batteries is recommended. 
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7 Communication plan 

7.1 Introduction 

The main target of Korkeasaari is to become carbon neutral by year 2025. To achieve 

this ambitious target, Korkeasaari has to implement several actions on site. These ac-

tions are e.g. installing solar panels and improving energy efficiency. However, this 

chapter discusses environmentally friendly actions in general rather than focusing just 

on energy efficiency. 

 

By being a “green” attraction, Korkeasaari can get economic benefit. It can increase 

the attractiveness of Korkeasaari and thus affect its sales. It requires that Korkeasaari 

starts to change its brand to greener. Green values affect directly the mental image of 

customers. Based on a few surveys, we found out that green values affect attractive-

ness and business in a positive way. For example, according to a research by the Natu-

ral Marketing Institute (NMI), 58 % buy products and services more likely if they 

know that the company behind the product has green values [1]. All other surveys 

follow the same trend. Green values are increasing. It will increase the number of visi-

tors if the green values are marketed effectively.  Rests of the surveys are presented in 

Business aspects document, which was a compulsory part of our project course. 

 

Let's take another point of view. Awareness about environmental issues has been in-

creasing. How about if any actions towards carbon neutrality would not have been 

done? One main task of zoos globally is to help and increase the awareness of the 

endangered species. Being more environmentally friendly will decrease negative im-

pact to Earth and its nature. Without any actions Korkeasaari might lose its credibility 

over time and thus suffer from a lack of visitors. Customers might want to choose 

another destination which has greener values. The mental image has a huge impact on 

customers’ decisions. 

 

In this plan, we will propose some ideas on how to promote green values and actions 

to customers and how to create a new brand for Korkeasaari, greener Korkeasaari. 

Several suggestions from different perspectives are presented here and elaborated 

further. The aim of this document is to present simple and understandable means to 

advertise the green values of Korkeasaari to customers. 
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7.2 Suggestions 

When Korkeasaari achieves carbon neutrality it is beneficial to market it effectively 

and start building a new brand of green Korkeasaari. Naturally, marketing can be 

started before the target of “carbon neutrality” is completely fulfilled. When some 

reduction to emissions are being made, those actions can already be advertised. In this 

chapter, some ideas on how marketing can be implemented advantageously are pre-

sented. There are also some proposals for influencing the mental image of visitors. 

7.2.1 The first carbon neutral zoo in Europe 

After making all actions towards carbon neutrality, Korkeasaari has to think how to 

get a credible certificate or corresponding title of carbon neutrality. Korkeasaari won’t 

become the first zoo in the world to achieve carbon neutrality. At least Zoos Victoria 

in Australia has carbon neutrality granted by Low Carbon Australia. Also Wellington 

zoo in New Zealand has carbon neutrality certificate by CarboNZero.  

 

Nevertheless, Korkeasaari can say that they are the first zoo in Europe that is carbon 

neutral, as at the moment there seems to be no carbon neutral zoos in Europe. Unfor-

tunately, the situation can be different by 2025. As there is no common standard for 

carbon neutrality, Korkeasaari has to think who can give that certificate to them. It is 

also possible that Korkeasaari will just say that they are carbon neutral without any 

certificate. However, this matter should be inspected well before making any claims. 

 

The title of the first carbon neutral zoo in Europe would be lucrative, as it could be 

broadly used in PR campaigns, signs in Korkeasaari and in social media. The title 

could bring several eco-tourists to Korkeasaari, even from abroad. 

7.2.2 Home page, Social media and application 

The comprehensive info material about actions made is recommendable to write to the 

home page of Korkeasaari. That material should be available at least in Finnish, Swe-

dish and English. Some examples on informing the changes can be found from web 

pages of zoos presented in the chapter Literature review (see references). 

 

It is possible to certify the home page of Korkeasaari carbon neutral. It wouldn’t make 

a big difference in lowering the emissions of Korkeasaari, but it could tell the custom-

ers that Korkeasaari is on the right track. On how to certify a carbon neutral website, 

more information can be found from: https://www.co2neutralwebsite.com/. 

 

https://www.co2neutralwebsite.com/
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Social media is a great and inexpensive way for PR and marketing. We noticed that 

Korkeasaari is already at least in Facebook and Instagram, which is useful. For in-

stance, via Facebook it is easy to share information to followers. Publications could be 

related to e.g.  various green projects and reduction of energy consumption. Naturally, 

followers don’t want to drown in the information, thus publications have to be made 

using common sense. 

 

Korkeasaari should post updates about actions that are done towards carbon neutrali-

ty. These posts could have a hashtag or a watermark on picture that informs followers 

that this post is about green actions. An example post could be about new LED lights 

or solar panels as in figure 11. Also when Amazonia is being renovated, Korkeasaari 

could post pictures of construction work and say: “We are improving Amazonia to be 

more energy efficient and better. We can’t wait to show it to you! #CarbonNeutral-

Zoo”. 

 

 
Figure 11: Example of social media update: “Did you know that Korkeasaari has al-

ready installed solar panels around the zoo? More are coming! #CarbonNeutralZoo 

#GreenerKorkeasaari #EnergySquirrel” [2] 

 

Also when there is nothing new to post about actions in Korkeasaari it is possible to 

activate followers to act better at their homes. E.g. post: “Here in Korkeasaari we keep 
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our facilities at 21 degrees. Did you know that by reducing room temperature by 1 °C 

you save X much energy? Have you checked your room temperature? #CarbonNeu-

tralZoo #CarbonNeutralYou”. These kind of social media posts could be archived to 

Korkeasaari website with longer description. 

 

Again, social media is a good place to start informing customers if Korkeasaari wants 

to crowdfund their solar panels e.g. with ticket prices. Post a picture of solar panel and 

cute monkeys and say: “Now when you buy our SupportCarbonNeutrality-ticket you 

help us to install more solar panels that supports our Miika the monkey’s tropical liv-

ing conditions. #CarbonNeutralKorkeasaari”. Or another way to do it is: “Fund our 

Carbon Neutrality project and you get your name plate on our ferret cage”, with a 

picture of an example name plate and its location. 

 

In addition to social media, Korkeasaari could launch an application. The application 

could recognise the user’s location and work as a map of Korkeasaari. It could tell 

customer where e.g. the nearest toilet or ice-cream kiosk is. In addition, it could tell 

when different animals are fed and show real time data where next feeding or (some 

other event) is happening. This map function could be the main purpose of the appli-

cation. In addition, application could include some parts which highlight the green 

brand of Korkeasaari. That could be implemented by some tests and competitions. 

One suitable test could be a traditional “Which animal would you be based on your 

energy usage?” There is probably a possibility to create this kind of application which 

can be used in a web browser. 

7.2.3 Marketing outside the island 

In addition to social media, there are some ways to market Korkeasaari outside the 

island. It is possible to arrange a marketing campaign, for example on TV. Unfortu-

nately, it is quite an expensive way to advertise. Therefore, these kinds of solutions 

are ignored in our suggestions.  

 

One solution is to propose that local newspapers could write some stories about 

Korkeasaari and its carbon neutrality and green campaign. Why not some bigger mag-

azine for example Helsingin Sanomat and its NYT-insert. So far NYT has been eager 

to do an article on a sleepy sloth in Korkeasaari, so they might be interested in other 

Korkeasaari-related articles as well. 

 

A ferry transports passengers to Korkeasaari. Could that ferry be utilized somehow to 

marketing? For instance, inside the ferry could be some info screens to inform pas-

sengers about energy saving campaign at Korkeasaari. Screens could show slideshows 

silently. Banderols could be utilized in a ferry too. We understood that Korkeasaari 
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has planned to purchase an electric ferry. If the ferry could use renewable fuel or elec-

tricity, it could decrease the carbon footprint of travels to Korkeasaari, which should 

be promoted to passengers. There could be for example info sign that visualizes the 

amount of carbon footprint of a car and of that boat. 

 

Tourists are a remarkable customer group in Korkeasaari. Thus, it is necessary to 

know how to increase attractiveness of Korkeasaari among tourists. We checked the 

home page of Korkeasaari and noticed that it is available in English only briefly. It is 

highly recommended that the green campaign of Korkeasaari is promoted in English 

too and it must be easy to notice.  

 

Some travelers write blogs and some of them are quite popular. If there is any possi-

bility that a well-known blogger wants to write a story about Helsinki and 

Korkeasaari, it is an excellent way to gain fame. As bloggers try to be honest in their 

writings, it is important that green values and good conditions of animals can be seen 

during the visit. If they can be seen, it is obvious that blog writers will mention it in a 

positive way. 

 

Tourist attractions in Finland and Helsinki are presented in some web pages, e.g. 

www.visithelsinki.fi. Korkeasaari is also mentioned there. It is good to update de-

scription of Korkeasaari when Korkeasaari has applied green values. 

7.2.4 Marketing on site 

It is an effective and an inexpensive way to promote greener Korkeasaari on site to 

visitors. The question is: do they come again? By creating a positive mental image, 

they will come again. The brand “Greener Korkeasaari” requires that green values and 

actions towards carbon neutrality are promoted well. Green values must be visible to 

customers all around the island. Quiet marketing is recommended, because it affects 

the mental image of customers a lot. Quiet marketing can be implemented with e.g. 

recycling and offering greener products and food. More detailed information can be 

found below e.g. from chapters: Shops and food, Waste and recycling.  

 

Banners or text tables could form the foundation of on-site marketing. Short sentenc-

es, capital letters and big font sizes, those are the ones that visitors will read without 

even noticing. More information about topics can be given using smaller font size. 

Children might not read those smaller info texts but some adults will. Where would it 

be good to place those banners then? One good place for banners is the bridge called 

Mustikkamaansilta. There could be few succinct sentence for example “Welcome to 

carbon neutral Korkeasaari!” It is also possible to build some of these banners using 

http://www.visithelsinki.fi/
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wood and other ingredients from the nature. See also our idea “Energy squirrel” 

which is presented in its own chapter.  

 

If there are electric cars, it is a good idea to add info text to the sides of the cars. They 

could say “I run on electricity”. These kinds of info texts could be added to all vehi-

cles which run on green energy.  

 

It is planned that the building called Amazonia will be completely renovated. At the 

same time, it is expected that the energy efficiency of Amazonia will be improved 

significantly. After the renovation, it is beneficial to inform the customers that im-

provements have been made. There could be some banderoles placed above the en-

trance, e.g. “Welcome to new energy efficient Amazonia”. Inside of the building 

could be some information on how much energy consumption has decreased (as per-

centage) and what has been done to improve energy efficiency. Small screens/TVs 

can be utilized in marketing also.  

7.2.5 Theme weeks 

One idea is to arrange theme weeks at Korkeasaari. During these weeks, it is intended 

to especially highlight green values. These weeks could be promoted effectively in the 

social media and onsite with stands. For example, food and snacks could be more eco-

logical. It requires that restaurants in Korkeasaari commit to these theme weeks even 

though they are independent operators. They could offer vegetarian options with a 

good campaign in the restaurant area. If these weeks are organized in the spring or 

early summer it is possible to offer foods which are prepared with ingredients from 

surrounding terrain, e.g. dandelion, goutweed, plantain and nettle. Some suggestion 

which are partly made from these ingredients are weed pasta and goutweed cream 

cheese, of which the latter is delicious with a seed crispbread. This would be an excel-

lent way to show customers how to utilize ingredients directly from the nature. It is 

important to invest into the taste of the food to convince customers. In addition, there 

could be a small learning material relating to horta hunting (suom. hortoilu). 

 

During theme weeks Korkeasaari could arrange green-value activities to visiting 

groups.  For instance, children could be inspired to draw or do crafts. Craft accesso-

ries could be collected from the nature.  

 

It is possible to decide some special charity campaign for theme weeks. Funding 

could be collected for example to Saimaa ringed seal or to Baltic sea. Maybe there 

could be some exhibit where issues related to the charity campaign could be present-

ed. For example, some stands about the Baltic sea and achievements of marine con-
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servation. It shows to ordinary people how they can help and that their help is ex-

tremely important. 

7.2.6 Renewable energy sources – how to promote those? 

Korkeasaari has a few buildings which have solar panels on their roof. These are not 

directly visible to the visitors. There was a discussion on whether they should be 

placed to a more visible location. Our opinion is no. It is the most profitable to place 

panels to where the energy production of them is the most optimal. If this place is not 

visible to customers then the existence of solar panels has to be advertised some other 

way. Our proposal is some kind of an info table next to the building with a picture of 

the building’s solar system and some additional information about the system. A 

small advertising screen could work as well. That screen could be utilized to present 

moving pictures or slideshows and give some additional information about the solar 

system. Interest might be increased if the real-time energy production of these panels 

would be presented. We understood that Helen can provide these kinds of info panels 

which show real-time solar production. In addition, there could be also monitors 

where the highest energy production during a previous day and year is presented.  It 

would be nice to know how much power or energy the solar system produces com-

pared to the consumption of the building or the whole of Korkeasaari. For example, 

“In summer 20 % of the energy requirement of this building is produced by solar en-

ergy”. That would be excellent PR to Korkeasaari. 

 

How much power or energy is produced by the solar energy in practice? That is the 

question to which most people (especially kids) do not know the answer. This is the 

reason why to illustrate it a bit. A common way is to tell how many phones is possible 

to charge with that amount of energy or how many cups of coffee is got. That is a 

workable example when it is related to the solar energy produced during one day, thus 

that is good to mention. That example is concrete also to kids. In addition, there could 

be some other way to demonstrate the energy produced by solar panels. Our sugges-

tion is to compare the amount of the solar energy (during one year) to the energy con-

sumption of an average block apartment, terraced house and town house. This would 

be interesting information to adults and would give a perspective would it be worth-

while to get their own solar energy system. It would also be interesting to compare the 

real-time solar production to the real-time consumption of either a single building or 

the whole island. There could exist three panels of which one is for real-time solar 

production, another for real-time consumption and the third one for to present the per-

centual value of solar production related to consumption.  

 

If Korkeasaari will introduce some other renewable energy sources or energy solu-

tions, e.g. geothermal heat, it can be advertised the same way as solar energy. All im-
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provements are should be advertised somehow. For instance, converting old lamps to 

LED lamps is good to mention as well as the amount of energy saved. This is at the 

same time also a way to show an example and to be credible.  

7.2.7 Shops and food 

At shops, it is recommended to sell only sustainable products. It has to be informed to 

customers that all products are selected with the environment in mind. Also cutlery, 

coffee cups, ice cream cups and napkins are good to change to recyclable and biode-

gradable ones. For example, there could be the text next to the ice cream kiosk “All 

spoons and cups we use are biodegradable, please recycle them”.  

 

Veganism is a rising trend. It is worthwhile to have some vegan and ecological prod-

ucts. They could be named with some catchy name. Tiny part of the price could be 

donation to some charity project. 

7.2.8 Tickets 

Korkeasaari could launch a new eco-ticket alongside the normal ticket. The eco-ticket 

would be a little bit more expensive than a normal one but profits will go directly to 

some energy efficiency project or a development of renewable energy. Another option 

is to ask for a 1 euro donation at the same time with the ticket sale. 

 

It is possible to create some eco-packet. It would be more expensive option than the 

eco-ticket. The price of the Eco-packet could include for example an ecologically sus-

tainable dinner at Korkeasaari and some additional prize. That prize could be some 

kind of a thank you card with an animal picture or a donation for greener energy pro-

duction in developing countries. 

7.2.9 Inspiration of customers to climate issues 

It is important that Korkeasaari will share its knowledge on green values to customers 

and demonstrates its responsibility to community. Korkeasaari could share infor-

mation about Earth hour and similar campaigns. In addition, there could be tips how 

to save energy by everyday choices. Those tips might be “switch off lights”, “save 

water” and “favor vegetarian food”. These tips can be located all around the island 

and e.g. that “save water” and “switch off lights” tips could be inside toilets.  

 

Near restaurants could be info stands where carbon footprints of different ingredients 

are presented. That would show why preferring vegetarian food is recommended.  
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At Korkeasaari different plants grow, some of which are edible e.g. dandelions. Next 

to these plants there could be info tables including information about nutrition, miner-

als, and vitamins, how to utilize those plants in practice and where to collect those. 

 

At Korkeasaari there are lots of visiting school classes. Korkeasaari could teach stu-

dents about climate change and the real meaning of choices. Korkeasaari could ar-

range education to adults as well.  

7.2.10  Waste and recycling 

Many customers are aware of environmental issues. Thus, it is extremely important 

that Korkeasaari commits itself to recycling. By doing this Korkeasaari can affect the 

mental image of green Korkeasaari. Recycling works also as an example to visitors. 

Recycling is good to arrange visibly and inform it to customers. 

 

Recycling is not the only way to handle waste. The most effective way in terms of 

nature is to reduce the amount of waste. It is difficult to affect the waste caused by 

customers, but there is at least one workable way. Korkeasaari can affect the products 

it sells. The amount of waste will begin to decline if these products are packed using 

packing material as little as possible. That can be made by favoring products which 

are packed with a smaller amount of packing material and using recyclable materials. 

One way is also to require manufacturers to favor recyclable materials. We know that 

manufacturers do not change their packing material just like that, but it is obvious that 

they will make changes when more and more customers start to demand it.  

 

Currently, at Korkeasaari animal waste is transported to Ämmässuo as gardening 

waste for composting and used as a soil conditioner. It is not counted as a bio waste. 

Any possibility to classify the animal waste as bio waste should be considered. Then 

that can be utilized to produce a biogas. It would be interesting to place an info table 

next to bisons with a banderol: “I produce energy”. More information could be pre-

sented with a smaller text. It would be nice to know how much animal waste 

Korkeasaari produces, where all waste goes and how it is utilized. That would be ex-

cellent PR. 

7.2.11  The Energy Squirrel – an animal symbol for Korkeasaari 

Advertising is typically more powerful with a memorable character. Especially animal 

characters are well-known for their effectiveness. For Korkeasaari, an animal charac-

ter would be a very reasonable choice. Thus, we invented the Energy Squirrel (suom. 
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“Energiaorava”) who could become the symbol of green Korkeasaari and a herald of 

saving energy – or saving the climate. 

 

The Energy Squirrel should not be just an average-looking animal. Instead, it could 

have a cloak – like a superhero – but this cloak is green, because the Energy Squirrel 

is here to inspire energy efficiency! Korkeasaari could have cartoonish bulletins or 

signs, inspiring easy means to save energy. The Energy Squirrel could be as well used 

in advertising Korkeasaari and it could be a social media character of its own kind. 

Especially kids would love a funny animal, but if the character and its personality is 

well designed, even grown-ups would be interested. 

7.2.12  New area of activity 

If Korkeasaari succeeds to achieve carbon neutrality and creates functional energy 

solutions there is possibility to present them to the audience. That could be a new area 

of activity to Korkeasaari. Energy solutions could be presented e.g. to school groups 

to transfer knowledge to younger generations. This way, Korkeasaari could get a big-

ger role as a teacher of green values and be like Heureka which teaches natural sci-

ence to its customers. For this kind of teaching issue, Korkeasaari might need some 

area where to teach solutions in practice. This area could be called Energypark. There 

could be miniatures and presentations of different kind of solutions. There could be 

problem solving exercises for visiting students. They could be divided into smaller 

groups to solve problems. Problems could be some easy (not too easy) mathematical 

task where an energy consumption of some building is calculated with help of given 

initial values. Another task could be a building assignment where e.g. hydro power 

plant is built with given blocks. 

 

In that area could also be stationary bikes which could rotate a generator which is 

connected to the grid. Riding a bike to generate electricity is a very hands-on and fun 

way to demonstrate electricity generation. Moreover, it could help in visualizing the 

amount of electricity which apartments consume. By understanding the scale of their 

electricity consumption, visitors might be more willing to cut their electricity con-

sumption. Korkeasaari could co-operate with students to construct such a device (at 

Aalto University, courses where such a project may be suitable include Project work 

and Protopaja). 

7.3 Summary 

Creating a new brand is not a small thing that happens just like that. The amount of 

customers will not increase immediately. The brand “green Korkeasaari” requires that 
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customers can see that Korkeasaari is really committed to green values. To achieve 

trust among customers, green values have to be visible in all possible parts on the is-

land. In addition, Korkeasaari must be willing to promote green values.  

 

Marketing can be implemented e.g. with banderols on site, via social media or with 

info tables presenting the solar energy production on the island. These are excellent 

PR to Korkeasaari. In addition, Korkeasaari can change their course of action to 

greener by e.g. adding recycling and showing visitors that it is committed to make 

environmentally friendly choices in all its actions. To be credible, Korkeasaari must 

show that it is capable of living like it teaches.  

 

It is recommended that green aspects would be one individual set in an annual com-

munication strategy of Korkeasaari. At the same time, it means that the green aspect 

set is assigned to somebody to handle. Otherwise it may not get done properly. 
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8 Potential actions for Korkeasaari 

This chapter gathers together all the energy saving actions we have discussed earlier 

in this report. Only communication plan suggestions are excluded, however some 

overlapping may exist. This chapter is a summary and therefore doesn’t provide any 

new information. Also, this chapter doesn’t justify given suggestions, although read-

ers can check further reasoning from previous sections. Section names in this chapter 

are equal to previous chapter names where the further discussion of the subject is lo-

cated. 

8.1 Actions from Literature Review 

We suggest Korkeasaari to renew their waste recycling by having three different 

waste containers for visitors. Three bin system consists of mixed waste, bottles & 

cans, and compostable food & paper. This gives great PR value. Still the best advice 

is not to generate waste. 

 

Every appliance that consumes electricity around the island e.g. office computer 

screens and kitchen equipment should be upgraded to new energy efficient models. 

 

Water usage should be decreased even though there is a lot of water available in Fin-

land. Waterless urinals and taps with motion sensors should be installed in toilets. 

Also water leaks should be detected and fixed. It is likely that there are water leaks in 

Korkeasaari since there are relatively old buildings. Rainwater harvesting is not nec-

essary but a good idea for PR value.  

8.2 Actions from Current Situation 

Improve the current metering system for the sake of future surveillance. Improve it in 

a way that it covers the whole 1.9 GWh consumption around the Zoo and all con-

sumption points can be distinguished. 

8.3 Actions from Calculating Carbon Footprint 

Korkeasaari should buy a Carbon footprint calculation service. A proper input output 

analysis should be done. For electricity and heating we already know the carbon foot-

print but effect from water, waste, transportation and food is unknown. A proper cal-

culation should be done before and after improvements to know the effect of im-
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provements. After that, this information can be used for advertising. After improve-

ments, compensate leftover carbon footprint by supporting renewable energy projects. 

 

It is also possible to calculate only electricity and heating into input output analysis, 

but then it is not possible to promote Korkeasaari as totally carbon neutral. 

 

Korkeasaari could buy renewable district heating to reduce the total carbon footprint. 

 

Zoo should offer less meat for humans and animals. Reduce wasting food. 

 

All transportation appliances should be upgraded to electrical vehicles. Staff person-

nel and visitors should be advised to use public transportation. 

 

When new buildings are constructed or old ones renovated, prefer wood as building 

material. 

8.4 Actions from Energy usage of buildings 

Buildings consume a significant amount of heat and electricity. Therefore, they are an 

important aspect to consider for energy saving. By far, the most important decisions 

regarding energy consumption in buildings are made during construction or renova-

tion. These decisions define the energy consumption for several decades. 

 

Building automation can be used to control HVAC and lighting systems and improve 

their energy efficiency. However, such systems must be set up and maintained proper-

ly to be useful. The staff should be knowledgeable about and someone should be re-

sponsible for these systems. 

 

Older buildings generally use more energy than modern buildings. Buildings should 

be upgraded to modern energy efficiency standards during renovation. 

8.5 Actions from Heat pumps 

Heat pumps are an efficient electric heating method. However, they are not economi-

cally or environmentally sensible in district heated buildings (with the exception of 

exhaust air heat pumps). Air source heat pumps are an excellent investment with a 

short payback time in direct electricity or oil heated buildings. Ground source heat 

pumps are worth considering when choosing a heating system for a new building, but 

usually not economically competitive with district heating. Exhaust air heat pumps are 
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a standard feature in modern buildings and can be a worthwhile investment even in 

older buildings with forced ventilation. 

 

Korkeasaari should consider installing air source heat pumps in electrically heated 

spaces, and exhaust air heat pumps where applicable. 

8.6 Actions from Lighting 

Lighting is a highly visible part of energy consumption. The energy consumption of 

lighting can be reduced either by reducing the power intake of each light or by reduc-

ing waste light (with occupancy sensors or other control systems). 

 

Different kinds of lamp technologies have different properties and are therefore suita-

ble for different applications. LEDs are suitable for most purposes and are often pre-

ferred. Inefficient lamp technologies, including incandescent lamps and mercury-

vapor lamps, have been retired from the markets. If these technologies are still used, 

the whole lighting system (including lamps, ballasts and luminaires) must be recon-

sidered. In particular, this is a concern in outdoor lighting. 

 

Korkeasaari can increase the energy efficiency of lighting by implementing energy 

efficient lamp technologies (e.g., LED), utilizing daylight integration, and reducing 

waste light with smart control systems. 

8.7 Actions from Demand response 

Demand response basically means that an electricity consumer shifts its electricity 

consumption to moments when electricity is cheap, in other words when the total con-

sumption in the power system is low. This way we can decrease the utilization of pol-

luting energy production methods. 

 

For Korkeasaari there are two possible ways to participate in demand response: 

aggregated frequency controlled load regulation 

shifting consumption to hours with low electricity market price 

 

The power demand in Korkeasaari is too low for participating directly in the frequen-

cy controlled demand response with Fingrid. However, there will be “aggregator” 

companies in the near future to include small loads to demand response. The compa-

nies do not exist yet but there are pilot projects going on. The “Rehukeittiö” cold stor-

ages would be suitable for aggregated frequency controlled demand response once the 

aggregation business gets started. 
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In general demand response is challenging to implement in Korkeasaari. However, 

suitable appliances would be electrical heating, cold storages, building air ventilation 

and electric vehicle charging. There is already a centralized automation control sys-

tem (VAK) over the island. The system could be made smarter to control electrical 

devices with respect to the electricity market price. 

 

Enhancements in automation systems should be implemented at the same time when 

buildings are renovated or new building are built. The supplier of the centralized au-

tomation control system should be consulted in order to introduce demand response 

by making the system smarter. 

 

Demand response and smart energy are not sophisticated solutions yet. They will de-

velop quickly. A thing which is not worthwhile today, may be applicable soon! 

8.8 Actions from Energy storages 

Energy storages are used for optimizing the usage of renewable energy. Surplus ener-

gy from renewable production like solar panels is stored in batteries and used when 

the electricity consumption is higher than the renewable production. This brings fi-

nancial benefit to the customer and increases environmental friendliness of the power 

system. Reserve power systems consisting of batteries are not considered “energy 

storages”. Reserve power sources are not explored in this paper. 

 

In Korkeasaari the electricity consumption is all the time a lot higher than the maxi-

mum possible production from the currently planned solar panels. There is no need 

for energy storages in the near future. It may become actual in the future after signifi-

cant improvements of electricity usage and renewable production. Energy storages 

should be considered when there are hours when Korkeasaari is producing more elec-

tricity than it is consuming. 
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Appendix 1 

There were in total 52 reports from the VAK system. These reports also provide a 

reference consumption to the previous year. In 2014, the sum of the consumption val-

ues in the reports was 1.49 GWh and in 2015 it was 1.24 GWh. The real total con-

sumption in Korkeasaari was 1.97 GWh in these years. This results to unknown con-

sumption of 0.5 GWh in 2014 and 0.75 GWh in 2015. It is a significant number com-

pared to the total consumption of approximately 2 GWh. 

 

Unfortunately, these reports contained inadequate information. Now we will go 

through what kind of problem we are dealing with and how to overcome these issues. 

 

First problem is that not every consumption point is behind these VAK metering de-

vices. Let’s call these unknown consumption points blind spots. For example, it is 

known that part of outdoor lighting is not metered by the VAK system. Thus, this 

consumption can only be seen in Korkeasaari Island regional distribution input node 

that shows the total consumption on the island. Second problem is that there are 5 out 

of 52 consumption reports which don’t have names or IDs. Thus, it is difficult to 

know where this metering report comes from. 

 

Third problem is that some of the metering points don’t make sense when we compare 

the output consumption figure with common sense. For example the Amazonia build-

ing should be one of the major consumption points in Korkeasaari. However, it seems 

to consume annually only 5681 kWh, which is not much more than the average annual 

consumption of a residential apartment for three people. And again the Zoo office 

building consumed 350 994 kWh in 2015 which is an unreasonably large number for 

a 280 m2 building. For comparison, an office built in year 2006 in Vantaa with area of 

3350 m2 consumed 253 600 kWh of electricity in year 2012 [1]. 

 

First problem is reasonable. It is easy to calculate what is left behind VAK system by 

deducting VAK total consumption from Island total consumption. After this calcula-

tion, we can consider how significant the unknown consumption is. On the other 

hand, as we discussed above, we can’t fully trust our metering reports. Thus, we don’t 

know if the total consumption VAK system gives is adequate. Solution for this chal-

lenge is to compare report names to Korkeasaari locations and to figure out the blind 

spots. Then we need to go to Korkeasaari and go through these locations and see what 

kind of appliances there are in the blind spots. 
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For the second problem, we can again compare locations for which the reports give 

names to all locations and figure out what these 5 metering points are. Also 

Korkeasaari staff or the VAK system service provider may know the answers. For the 

third problem, we shouldn’t use our time to figure out the reason for confusing num-

bers, since the system is being repaired. It might be because of incorrectly set meter 

factors. It is possible that report names are mixed. It is possible that not every appli-

ance is metered. It could be that meters are measuring larger area than we understand 

and more importantly we don’t know what kind of appliances there actually are be-

hind the meters. The solution is to go through these locations and find out if these 

report numbers make sense at all. 

 

Below there is a table with all the data collected from VAK system. This table is sort-

ed by column Consumption15 (kWh). From the greatest consumption to the lowest. 

Consumption/Total Consumption (%) is a percentage value. It is calculated by divid-

ing each consumption value by the total consumption value of the whole island, which 

is for 2015 1 983 946 kWh and for 2014 1 962 344 kWh. 

 

Location / Report ID 

Mittarinu

mero 

Consumpti

on15 

(kWh) 

Consumption1

5/Total 

Consumption 

(%) 

Consumpti

on14 

(kWh) 

Consumption

/Total 

Consumption 

(%) 

Konttori 028/51 350994 17.69 313639 15.98 

Flamingotarha 073/81 209362 10.55 143517 7.31 

Apinalinna 056/51 111509 5.62 81551 4.16 

Huvila 015/?? 58203 2.93 62674 3.19 

Karanteeni 076/51 50593 2.55 52480 2.67 

Rehukeittiö 026/52 46259 2.33 53955 2.75 

Kissala 009/52 43743 2.20 62400 3.18 

Karhulinna B 088B/52 41248 2.08 28248 1.44 

Metsäpeuratalli 082/51 33326 1.68 35633 1.82 

Mustikkamaan 

paviljonki/myym 100/53 30805 1.55 35413 1.80 

Saukkola 034A/51 24379 1.23 27165 1.38 

Tiikeritalli/tiikerisuo

ja 007/51 22728 1.15 26913 1.37 

Kissala 009/51 19762 1.00 24342 1.24 

Rehukeittiö 026/51 16992 0.86 19875 1.01 

Boreliatalo 020/51 14478 0.73 14936 0.76 

Mineraalimäen 

tallit/euraasia 008/51 13170 0.66 16862 0.86 

Metalliverstas 025/51 13146 0.66 16763 0.85 

?? 

 

10220 0.52 15149 0.77 

Mustikkamaan 

paviljonki 100/51 9854 0.50 10734 0.55 

Rehukeittiö 026/53 9520 0.48 12521 0.64 

Rantapaviljonki/rant 001/52 9354 0.47 7509 0.38 
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akahvila 

?? 

 

8976 0.45 6163 0.31 

Rantapaviljonki/rant

akauppa 001/53 8504 0.43 7110 0.36 

?? 

 

6737 0.34 7245 0.37 

Kaehulinna B 088B/54 6545 0.33 5155 0.26 

Katselukatos 1 047/51 6448 0.33 7227 0.37 

Saarenvartian tupa 031/51 5866 0.30 25170 1.28 

Amazonia 010/51 5681 0.29 5202 0.27 

Ankkala 080/51 4919 0.25 5193 0.26 

Rivitalo 006/51 4240 0.21 3453 0.18 

?? 

 

4223 0.21 2219 0.11 

Ravintola Pukki 039/51 4083 0.21 4072 0.21 

Eläinlääkintä 041/51 3744 0.19 4263 0.22 

kylttipaja 

 

3592 0.18 0 0.00 

Hakaniemen 

laituri/venelaituri 003/52 3441 0.17 330145 16.82 

luontokoulu 

 

3277 0.17 0 0.00 

Näätälä 027/51 2754 0.14 1298 0.07 

Africasia 011/51 2685 0.14 2752 0.14 

Rivitalo 006/54 1855 0.09 2118 0.11 

Rivitalo 006/53 1696 0.09 1465 0.07 

Karhulinna C 088C/53 1458 0.07 1533 0.08 

Rivitalo 006/55 1414 0.07 1864 0.09 

Visenttitalli 097/51 1305 0.07 1446 0.07 

Rivitalo 006/52 1058 0.05 507 0.03 

Venelaituri/Kauppat

ori 012/52 791 0.04 509 0.03 

Karhulinna A 088A/51 774 0.04 723 0.04 

?? 

 

473 0.02 508 0.03 

Rantapaviljonki/ 

päämittari 001/51 398 0.02 612 0.03 

Puuverstas 029/51 271 0.01 271 0.01 

Riikinkukkotalo 

 

271 0.01 400 0.02 

Riikinkukkotalo 

 

154 0.01 195 0.01 

Väentupa 077/51 4 0.00 3 0.00 

Total 

 

1237282 62.36 1491100 75.98 
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