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Abstract 
 
The goal of the Helsinki Zoo on Korkeasaari island is to become carbon-neutral. Reduction of the 
emissions and the carbon footprint could be achieved in two ways: using the renewable energy 
sources (RES) and decreasing the electricity consumption. 
 
The target of our project is to conceive with the ideas and means how to increase the use of the RES 
on the zoo’s way to become totally carbon neutral.  

The most applicable renewable energy sources for the Helsinki zoo are wind, solar and bioenergy.   

According to our calculations, 3000 to 7000 kWh could be generated annually by wind turbines, if 
they would be installed. With three wind turbines that would make 0,8% of the total consumption of 
the zoo. The energy savings in one turbine could be 1050 € per year, in case of electricity purchased 
from the network costs 15 ¢/kWh (including energy and distribution fees).  
 
Installing more solar panels in addition to the existing ones would increase the solar production up to 
300 MWh/year (theoretically) and 225 MWh/year practically. That could cover 16% of the whole 
electrical consumption in Helsinki Zoo. 
 
From the biowaste produced in the zoo, it is possible to produce around 46 000 kWh of electricity 
annually. This is equal to 2,5% of the whole electricity consumption in Korkeasaari. However, the 
drawbacks of the onsite bioenergy production are odor and taking a lot of space from the area.  
Because of the stochastic nature of the renewable energy sources, the need in energy storage is 
unavoidable. It is inevitable back-up for the windless hours for the wind turbines and for the night 
time for the solar panels supplied systems. The two most applicable technologies for the zoo are 
batteries and flywheels. Because of the need in numerous charge and discharge cycles, the flywheel 
energy storage is more reasonable, as its lifetime cycles sets them (>100 000 cycles) well ahead of 
the batteries (500 - 3000).  
 
In the end, the solar energy could cover 16 %, while bioenergy 2,5% and wind energy 0,8% of the 
whole consumption. The enforcement of these means will also decrease the carbon footprint. 
Presently the carbon footprint of the Helsinki zoo is around 985 tons of carbon dioxide. With these 
savings, the emissions could be reduced by 214 tons.  
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1. Introduction 

The goal of our project group is to find the best solutions to increase renewable energy generation in 
Korkeasaari area. These solutions include for example small scale wind turbines, solar power (solar 
thermal and photovoltaic) and possibly capitalizing the biomass produced in the island. The solutions 
we find out to be most suitable for Korkeasaari are the products of our group. In addition, the 
communication plan in which the customers are informed about our solutions is an important part of 
the work. 

The customer is Helsinki zoo. The zoo is located in Korkeasaari island nearby Helsinki downtown. 
Korkeasaari is one of the oldest zoos in the world, it was established in 1889. The island has land area 
of 22 hectares. The zoo is open 364 days per year, having approximately 500 000 visitors annually. 
There are 150 different animal species and almost 1000 plant species in the zoo, thus the environment 
is quite demanding because of tropical animals. 

Increasing concern about climate change is forcing governments and municipalities to act for 
achieving carbon neutrality. Helsinki City has a goal to reduce carbon emissions and finally to 
become carbon neutral by 2050. Helsinki Zoo, which is owned by The City of Helsinki, is therefore 
naturally acting towards this carbon neutrality goal. The zoo has already expressed its interest towards 
renewable energy by installing two 10kW solar power plants in the area. By installing own small 
scale renewable energy plants in the island, it is possible to decrease the amount of energy needed 
from the grid. This energy taken from the grid still includes a major part that is generated by non-
renewable sources power plants. 

It is obvious that green values are highly appreciated by the customers, and the status of being 
environment friendly is definitely a competitive advantage for the zoo. Green zoo not only reduces 
the energy costs but also increases the income because more customers are willing to visit the zoo. 
The reports from the zoos worldwide state that treat renewable power plants as highly attractive.  

 
 

2. Objective 
The main objective in this report is to find and create a solution for decreasing carbon footprint in 
Helsinki Zoo by increasing the use of renewable energy. The solution needs to include the selection 
of actions towards the carbon neutral Zoo. To fulfill the main task the idea needs to meet the 
requirements of the Helsinki Zoo. By getting the solution, the project also includes different outputs 
that together forms the whole solution. These outputs are: Literature overview, business plan and 
communication plan.  

The literature plan is to find good sources where this same kind of project has been done and combine 
them to create an overall review of the case. The idea of the literature survey is to focus to our project 
point of view. Information to this review is found in internet sources and literature. There are lots of 
similar cases, also in Finland, therefore sources for literature survey are found certainly. 

The business plan gives answer to question “How this project impacts on customers in the Zoo and 
what are the costs of this project?”. The cost of the technologies used and people satisfaction to the 
Zoo are aspects that needs to be considered. In this part, we include real costs of the technologies 
used in the project to make it more official. 
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The communication plan creates the overview of the green values in the Helsinki Zoo. It gives people 
the idea that Helsinki Zoo is wanting to protect the nature and wants that the carbon footprint is as 
low as possible. Furthermore, the idea of the communication plan is to arouse interest in investors 
and customers towards to the Helsinki Zoo. 

 

3. Project plan 
 

In the project plan, we described tasks and milestones what we need to fulfil to get the project done. 
The main tasks were business plan, literature overview, communication plan and final paper. The 
tasks were scheduled to balance the workload in the whole project. We divided the phases of the 
project to seven categories: 

 

1. Planning and meeting the people that are behind this project. 

2. Planning in the group how to manage and perform this project 

3. Creating business plan 

4. Creating literature overview 

5. Find, evaluate, calculate suitable technologies 

6. Combine ideas, suggestions and calculations to create a real proposal for best technologies 

7. Creating communication plan 

 

The project plan also focused on communications. We decided that WhatsApp is the best 
communication device for the small questions and arrange meetings. Meetings were arranged every 
second or third week and the target in the meetings was to dividing tasks, talk about arising problems 
and brainstorming. We included emails also to communications. Emails were more about sharing 
information from other sources for example Korkeasaari. 
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4. Literature overview 
 

4.1. Wind turbines 

Theoretical background 

The power of wind provides a significant source of renewable energy. This energy potential can be 
harnessed by using a windturbine that converts the kinetic energy of wind to rotational energy of the 
windmill blades. Furthermore, the windturbine is connected to a generator which produces electrical 
energy. 

Power of the wind is expressed by the equation 1: 

=
2

=
2

, 

where A is rotor area, v is windspeed, p is air density and m is mass flow. 

As we can see from the expression, windspeed is the most important parameter when planning and 
designing wind power, doubling the windspeed increases power by a factor of eight. In addition, the 
rotor area is also an important factor. For example, doubling the rotor blade length from 1 meter to 2 
meters increases the swept area by a factor of four. 

The amount of power that a windturbine can produce is always lower than the theoretical power 
expressed in equation 1. The power Coefficient which defines the aerodynamical efficiency of a 
windturbine is limited by the Betz law and it cannot exceed value 0,593. [2] Figure 1 shows the 
relation between wind speed and power generated in a typical small scale wind turbine. 

 

Figure 1.  Power curve of a 2,5kW windturbine (x-axis is windspeed in m/s, y-axis power in Watts) 
[3] 

Windturbines can be divided into two classes, HAWT and VAWT.  The first one stands for horizontal 
axis wind turbines and respectively the second one for vertical axis turbines. HAWT is usually 
referred as the ’common’ windmill. Large scale turbines (MW class) are always HAWTs whereas in 
microturbine scale VAWTs are also available. HAWTs have better efficiency but they produce more 
noise than VAWTs [2]. 
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Practical implementations 

Särkänniemi amusement park, Finland 

Särkänniemi is an amusement park located in Tampere, Finland. The amusement park lies in the shore 
of lake Näsijärvi. 

There are two installed windturbines in the area. The first one is installed at the point of Särkänniemi, 
thus having an unrestricted path for winds blowing from north. It is owned by Tampereen Sähkölaitos 
LTD and has been in use since 27.4.2012 The turbine is manufactured by WindSpot and the nominal 
power is 3,5kW (windspeed 11m/s). The rotor diameter is 4.2 meters and it is installed on an 18 
meters high tower. In small scale windturbines noise is not as big issue as in larger windfarms, in this 
case the measured value is 45dB at distance of 60 meters.  

The second turbine was constructed in cooperation with Tampere university of applied sciences and 
the purpose was to find as cheap smal scale wind turbine as possible. They ended up choosing Chinese 
Zheijang Huaying Wind Power Generator LTD HY-2kW turbine which cost 5000€. In a comparison, 
the price of the first turbine was 30000€.   

In Särkänniemi the windpower projects were not economically worthwhile. The yearly generated 
energy by the first turbine is approximately 2700kWh and by the second one only 700kWh. Thus, the 
cost of energy is 0.74€/kWh and 0.47€/kWh respectively. However, nowadays turbine prices have 
come down significantly and the cost of energy can be even half of the prices above. [4] 

 

Figure 2. Särkänniemi windturbine 1 [3] 
 

Harakka nature center, Finland  

Harakka is an island located in front of Kaivopuisto park in Helsinki. The nature center is managed 
by City of Helsinki. During the carbon neutral Harakka project the amount of energy bought from the 
grid was decreased by 60%.  [5] 

The windturbine in Harakka is Finnwind Tuule E200. It has a nominal power of 4kW. The total 
construction cost was 21030€ (in year 2011) and the average yearly electricity production is claimed 
to be 7000kWh. Furthermore, savings in produced CO2 is 1680kg/a and in electricity cost 770€/a. 
[6]   
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Hamerton zoo park, UK  

Hamerton zoo is situated in Cambridgeshire,UK.  Carbon neutrality has been a goal for the zoo for 
years. To take a step to reach this goal two windturbines were erected in 2011. Those turbines were 
manufactured by Gaia and had a nominal power of 11kW each. 

The electricity production exceeded the excpectations and the choosed to go even bigger turbines. 
Gaias were replaced by two Endurance E-3120 turbines (nominal power 50kW), thus the installed 
capacity reached 100kW. Consequently, the zoo had become a net producer of electricity 
producing 175 000kWh per year. The zoo has found that the turbines are reliable and quiet. In 
addition, they are fetching the public and ignored by the animals. [7] 

Cincinnati zoo, USA 

Cincinnati zoo in Ohio, US, have a 1,2kW Windspire VAWT installed in their Go Green Garden 
Exhibit. It is estimated that the turbine produces 2000kWh per year at a relatively slow average wind 
speed of 4,9 m/s. Together with solar panels in Go Green Garden, one third of energy demand in 
Membership and Ticketing Building are fulfilled. [8] 

 
Figure 3. Vertical axis wind turbine [8] 

 

4.2. Solar energy 
 

Solar energy is widely available energy resource on earth, every year about 885 million terawatt hours 
(TWh) of solar energy reaches to the earth surface. This quantity is about 6200 times to the energy 
consumed by people 2008. Also it is equal to 3500 times to the energy would be consumed by people 
in 2050. This estimation is based on the Energy Technology Perspectives (ETP) 2014 6˚C scenario, 
the 6 DS. (IEA, 2011; 2014b). [9] 

Solar power is abundant source of energy in our nature across the world. However, the general belief 
is that Nordic countries weather conditions are not appropriate for solar generation. Generally, the 
solar power production is small in Finland.  

As per Fig.4, possibility of solar electricity potential in southern part of Finland is around 1100 
kWh/kWpeak. [10]  
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Figure 4. Photovoltaic Solar electricity potential in European countries 

Raw form of solar power can turn into following ways for the energy needs: [35] 

1. Solar thermal – using solar beams for water and buildings heating. 
2. Solar power – electricity generation by using photovoltaic panels. 
3. Solar biomass - by growing energy potential trees or plants to make bio energy fuels and 

chemicals. 
 
Note: The above context biomass means growing specially chosen plants (solar-powered biological 
systems), which can be used as an energy source in power plant that generates power /heat or both.  

Solar usage possibilities in Finland: 

Solar energy utilization is circumspect in Finland. In this geographic location, the heat and electricity 
generation is very small or null due to in the middle of winter the sun is very low in the sky. Including 
the solar energy systems like thermal collectors and solar panels in construction part and utilizing 
them with replacing the surface materials with efficient ones will make solar energy highly affordable 
economically.  

Renewable energy is becoming popular in worldwide for reducing carbon footprint. Conversely, the 
present solar heating and power generation are contributing smaller role in Finland’s energy policy. 
There is need for significant irradiation levels in Finland. Most of the solar energy availability in 
northern Europe is in summer with high day light; hence solar water heating (SWH) is one of the 
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efficacious technology for converting solar energy into thermal energy in this period. Annually solar 
energy utilized for water heating system in Finland is typically about 200–400 kWh/m2 (collector 
area) [11]. Advance researches on under way to increase the utilization per collector area, this could 
be doubled than the existing collectors. It would be nice benefit to Korkeasaari by looking into present 
existing and upcoming technologies information.  

The production cost of heat by solar power is high. Many parameters influence the production cost 
for produced energy by solar, most importantly considering timespan as a one of the parameters. 
Comparing with the present prices, solar heating is significant replacement for domestic water heating 
than the conventional sources such as fuel and electrical heating. 

Combining small-scale solar heating-units and biomass heating-units can result such a good option 
for effective usage. In Solar District Heating systems (DHS), seasonal heat storages act important 
role due to the share of heat produced in summer storing for winter. Currently the deployment of solar 
heat is very low in Finland’s District Heating systems. However, participation of Korkeasaari in DHS 
with solar heating would be good enough but detailed study is required.  

The possible impacts of increased biomass combustion will have effect on the feasibility of solar heat. 
This impact can be balanced cleverly with using solar energy highly when it is available abundantly 
in summer and saving the biomass, using it when solar energy is not achievable. Because of seasonal 
variations, combining available sources of heating systems with district heating system gives vital 
option for effective usage of solar heat. It would be more obvious to swap electricity usage by solar-
heat, also by little adjustments on present systems and by that increase the possibility of solar heating. 
For instance, equipping machines with mixing valves for solar-heat and floor heating by solar power 
during summer time. [11] 

Major player in Solar, Finland: 

Helen is one of the major player in solar power generation in Finland. According to a research done 
by Helen, one of the major keywords of the energy in future is the sun. The following are few key 
facts about Helen in solar power generation. [12] 

● Helen is producing about 13% of solar electricity that connected to the Finnish grid with their 
solar power plants. 

● And also in solar heat recovery the largest operator in Finland is Helen: In this amount of 
waste heat produced by district cooling system is transferred to district heating system. 

 Helen already partnered with Korkeasaari for against to climate change initiative [13]. Further 
consultations with both parties, it gives in depth details of their study on solar usage at Korkeasaari.  

 

Practical implementations: 

Due to climatic conditions in Finland is peculiar then many countries. Hence, to evaluate the solar 
power used by zoos in different geographical locations would be not that much best suit. However, 
here provided other national zoos, whose climatic conditions are near to Finland, it will provide few 
details about capacity and different use cases.   

 

Calgary Zoo - Canada: 

Once, this zoo conservatory was with the most aged and highly inefficient buildings. With enormous 
renovation and augmentation, the new ENMAX Conservatory is certified by LEED (Leadership in 
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Energy and Environmental Design). As a LEED certified building, this conservatory is with many 
energy-efficient technologies. This enables to upgrade its energy, water and heat efficiency and also 
decrease its CO2 footprint. For instance, solar panels and tubes aid heat the building at the same time 
cisterns catch rainfall for the plethora of inside plant life.  

The supplier of solar collectors for the City of Calgary’s Zoo was Latitude51Solar under Northern 
Lights Solar Solutions, which supplied 16 high performance SunRain TZ58 1800 30R solar vacuum 
tube collectors. These tubes are idyllic for ENMAX conservatory for room and water heating of the 
building. The tubes deliver heat required to maintain room temperatures in winter and water facility. 
The Solar Vacuum Tube Collectors provides annually 32 MW of estimated heat energy. 

This zoo has versatile programs for the visitors, which are worth notable and make visitors to know 
about the conservation education. [14] 

Toronto Zoo - Canada:  

In Toronto Zoo, the administrative support center has been equipped with solar thermal system with 
50 panels. This system generates heat required for water supply of the building and reduces carbon 
dioxide by 40 tonnes annually with reducing natural gas usage by 50%. 

Toronto Zoo has very large vehicle fleet, which includes cars, vans, golf carts, all-terrain vehicles and 
heavy trucks. The zoo replaced their conventionally using fuel vehicles to electric, which is a smart 
financial move for zoo. Their fleet contains now with propane-powered Zoomobiles, 21 electric 
vehicles, a dual-purpose electric garbage truck and planned for more electrical vehicles. [15] 

 

Wellington Zoo - New Zealand: 

Since becoming the world's first CaboNZero-certified zoo in 2013, the zoo has cut its emissions by 
ten tonnes. The installation is with 48 monocrystalline PV modules at Wellington Zoo’s front entrance 
building, which is expected to save the zoo the amount of power used by one-and-a-half households 
per year. It is part of a wider programme at the zoo to cut its carbon footprint and already includes 
large-scale composting and waste reduction and collecting more than 300,000 litres of rainwater a 
year.[16] 

 

Hamerton Zoo - UK: 

Hamerton Zoo has been installed with Solar PV system. The zoo park produces about 54kW of solar 
power with three arrays of solar panels. These arrays are fixed to ground mounted tables with the 
south facing and 30 degrees inclination from horizontal plane for optimal efficiency in production. It 
is more obvious that roof mounted panels have poor performance if roof has different inclination or 
wrong orientation. 

North of the car-parks are installed with four banks of panels. These panels usage is very less in winter 
due to panels stay in very wet conditions. This area is connected with the park by 2 sets of 
underground cables and power to this area is provided by original Gaia wind turbines. This park is 
planning for new cabling system to make redundant renewable infrastructure with turbines and solar 
panels. The solar panels in this area produce about 50000 kWh of electricity annually. This quantity 
is equal to 30% of the electricity produced by single turbine. [17] 
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4.3. Bioenergy 
 

The use of renewable bioenergy is increasing rapidly in developed countries. Typical use of bioenergy 
is in farms because they produce organic waste as a by-product. There is a huge potential in bioenergy 
and it is calculated that it is possible to cover 50% of the world’s primary energy consumption by the 
year 2050 with bioenergy. Using of the bioenergy is economic and decreases the carbon footprint. 
The use of bioenergy does release CO2 gases, but it is around the same amount than the organic fuel 
has bonded from the air in the beginning of its life cycle. The fact is that if land is used to convert 
crops to biofuel that might be negative impact on environment. In this literature overview the use of 
animal waste in bioenergy production is considered. The use of animal waste in producing bioenergy 
is more or less always good for the environment even though it creates CO2 emissions. The biggest 
threat in converting biowaste to bioenergy is the technology. Currently, the bioenergy technology has 
developed to better efficiency to make the use of bioenergy more cost-effective. [18] 

Bioenergy is energy that has been received from organic materials called biomass. Organic materials 
can be made or they can be by-product like organic waste. The biomass is converted to biofuel. The 
fuel that is used to make the energy is released from biomass by digestion, combustion or 
decomposition. Fuel can be either gas or liquid and these can be turned into energy by multiple ways 
depending on the use. [18] 

Energy crops, wood and all organic wastes animal waste and food waste can be converted to 
bioenergy via anaerobic digestion. In anaerobic digestion micro-organisms are added to biomass 
which starts multiple chemical processes to convert the mass to biogas. The end-product, biogas, is 
typically carbon dioxide CO2 and methane CH4. These gases can be used as a fuel for generator to 
make electricity. [18] 

The anaerobic digestion type of bioenergy plant is basically a tank where the biomass is dropped. The 
biomass is injected with the micro-organisms and it starts to process gases that flows up to the gas 
pipes. This process makes the biogas and leaves slurry in the by-product. The slurry that is left from 
this process can be used as a fertilizer in farms. The whole process is then environmental because 
end- and by-products are useful. The biogases can be used to make electricity by on-site generation 
or with natural gas grid. On-site generation is better in efficiency point of view because it has no heat 
losses in transmission. On-grid generation is more used in bioenergy plants. [18] 
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Practical implementations 

Storm’s hog farm, North Carolina 

One example of anaerobic digester implemented to farm is located in North Carolina Storm’s hog 
farm. The farm collects manure from the hogs to convert it to biogas by using an anaerobic digester. 
Gas is used to 600kW generator that could generate electricity to nearly 300 houses. This kind of idea 
in using waste to create energy is creative, but moreover all the other wastes could be used as well 
such as food waste. The article also points out that this kind of bioenergy technology is not always 
profitable. In Utah one hog manure biogas plant was not efficient enough since the manure was not 
nutrient enough to make biogas. In conclusion, this kind of implementation is possible also in other 
places such as zoos.  [19] 

Munich Zoo 

The anaerobic digester is actually used already in Zoos. One example is the Munich Zoo. The Zoo 
has big animals like elephants that creates a large amount of waste each year. Munich Zoo has 300 
cubic meters of containers which can hold the waste from animals. These containers are used to make 
biofuel, methane. The zoo’s yearly production of the animal waste is nearly 2 tons. This makes the 
use of the biofuel possible. The Munich Zoo produces renewable electricity with generator and it can 
power about 100 houses. Also the heat that the biogas produces is stored and used. This makes the 
production of the biofuel more efficient. The waste that is left behind is of course also used to 
fertilizers, so Munich Zoo is making green impact to the environment. Munich Zoo is a great example 
of Zoo that is trying to make itself self-sufficient and keeps in mind green values of the environment. 
[20] 

Toronto Zoo 

Toronto Zoo is about to make a next step to recycling animal and food waste into bioenergy. The 
plant would be done in co-operation with close grocery retailer. The plan is to make a 500 kW of 
energy. The bioenergy plant would be CHP, combined heat and power, to guarantee the best 
efficiency. Besides heat and power the by-product, the slurry is used as a fertilizer. The vision in this 
project is to produce third of the yearly electricity consumption in the Zoo with waste. This bioenergy 
power plant is the first planned zoo based bioenergy plant in North America. [22] 
 

Downsides in bioenergy 

Besides from the CO2 emissions the bioenergy plant has also another downside: the smell. Biogas 
plant has few problems that might lead to bad odor in the plant. First the waste that is transported to 
the plant might not be sealed enough. Every tank that holds biowaste needs to be in the vacuum. The 
leakages in the tanks are usually one big problem. Unloading the waste tank needs to be opened 
partially vacuumed so the leakage of smell is possible. There are technologies that are designed for 
covering near areas from the smell. For example, biofilters are designed to filter almost 90-99 per 
cent of the smell that biofuel plant can create. Biofilters are not cheapest solution, but it is the best 
solution if considering the operation. In the article [21] there is a study of eleven bioenergy plants in 
Denmark. The study says that nine out of eleven bioenergy power plants has had smell complaints 
from near residents. Even though the distances between residential area and the plant is 80 to 2000 
meters. This means that the smell needs to be considered in building the plant. [21] 
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4.4. Technologies to decrease the electricity usage 
 

The way to the energy efficient (and ideally to a zero-energy) property lies not only through the 
introduction of the sustainable energy sources but also the decrease of the electrical consumption. 

Below are listed some technologies that are more applicable to a zoo, according to the literature 
overview and the reports and news of different zoos and amusement parks worldwide. 

Sustainable lightning 

LED technology has recently increased significantly the efficiency of lighting. Indeed, the luminaires 
manufacturers in their brochures state that LED lightning technologies provide 30-60% reduced 
energy consumption. 
In addition to the lower consumption, they list the following advantages of the LED lightning 
technologies, as well [23], [24]: 

• Re-lamping interval 6 times longer compared to HID (high-intensity discharge lamps) mean 
ratings 

• Consistent light output over life 
• Improved uniformity 
• Improved visibility 
• Improved quality of light 
• Durable, compact luminaire size. 
 

As for not manufacturers statements but the real consumers measurements, Zoos Victoria (Australia) 
reported the following numbers of efficiency improvements [25]: 

• 22% after  older fluorescent lamps (T8) were replaced with T5;  
• 90% after halogen lamps had been changed with the LED luminaires.  

 

Infrared heating technology 

The concept of the infrared heating is based on one of the fundamental types of heat transfer, namely 
radiation. It is exactly how the heat from the Sun is transferred to the Earth.  

Thus, an infrared heater is the one that emits electromagnetic, namely infrared, radiation. It 
propagates through the medium (most probable, air) unimpeded but easily absorbed by the surfaces 
of solid objects and there transformed into the heat. 

Therefore, with infrared technology solid objects are warmed up directly, with no losses to heat the 
medium or the entire area.  

The sources state that infrared heating consumes around 30-40% less wattage than a traditional 
convection radiator producing the same level of comfort [36, 37].  

In general, the infrared heaters have the high efficiency. A great portion of the input electrical energy 
is transferred into the radiant energy. But moreover, the rest input energy that is released from the 
heater in type of convection or conduction could hardly be treated as a loss. It is also dissipated to 
warm up the environment, and it is actually the purpose of a heater. 

The infrared heating technology is more ecologically friendly. It does not produce on-site NOX or 
SOX emissions, it dissipates far less thermal emissions that the convection heaters, and virtually no 
noise. That would well contribute to the green and no-emission image of the zoo. Though, infrared 
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waves, although being non-felt by a human, could disturb those animals who can hear in the infrared 
range. This aspect should be investigated before the introduction of the infrared systems. 

The main advantages of infrared heating are [26, 38]: 

 high efficiency (direct transfer of the heat from the source to the object with no heating of 
the medium) 

 high power densities are possible, and subsequently high temperature rise and low thermal 
inertia to the heating system 

 rapid processing – in general, the radiative heat transfer is much faster than convection; in 
addition to this, the infrared heaters have decreased heating time and small start-up period 

 the heating process could be turned on and off very quickly – even in a matter of minutes 
and seconds 

 control of the desired level of heating – from very low to very high values 
 control of heating process - the radiated energy can be concentrated, focused, directed or 

reflected according to the need. Moreover, that allows to prevent heat-sensitive areas from 
the unnecessary heating 

 no need in preheating 
 safe operation 
 compact equipment 

 

Heat pumps  

 

Heat pump is a system that transfers heat from a low-temperature region to a higher-temperature 
region. [42] As this opposes the natural direction of heat transfer from hot to cold, heat pumps use 
external power to perform the work. In that sense, it operates like an air conditioner or refrigerator. 
The scale of the system may vary from a household application to the whole city scale, as for instance 
in Norwegian municipality of Drammen [43]. 

The most expected external power for heat pumps is electricity. But there are so called absorption 
heat pumps are accelerated by a heat source like propane, natural gas, geothermal heated water and 
solar-heated [27] 

 

 

Majorly 3 types of heat pumps are there [27, 43]:  
 air source – heat to house is transferred from the outside or exhaust air.  

Thanks to the recent technology advance, it is possible to use air-to-air heat pumps in almost 
all climates. [43] 

 water source – heat to house is transferred from a water source (it could be ground, surface or 
sea water) 
This type of heat pumps profits from particularly high efficiency due to excellent temperature 
characteristics of water as energy carrier. 

 geothermal (ground source) – heat to house is transferred from the ground. 
Certainly, appropriateness of geothermal heat pumps greatly depends on the landscape, the 
subsoil, and the size of the lot. 
The relatively consistent temperature level of the ground or ground water gives the heat pumps 
of the latter two types their major advantage – independence off the outside climate conditions 
(subsequently they can be employed in more extreme climates than air-source heat pumps) 
and low operating costs. However, they cost more to install.  
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Heat pumps are efficient alternative to the conventional heating systems. The European heat pump 
association rates heat pumps with 300% efficiency. They state that for each kW of electricity 
consumed, a heat pump generates about 4 kW of thermal energy. [43]  

USA Department of Energy pronounces that the employing of heat pump systems for heating could 
reduce the electricity consumption by approximately 50% compared to electric resistance heating 
[27] 

Taking into consideration that the heat pump system could be used not only for heating but also 
cooling and preparation of hot water, it makes heat pumps even more efficient and attractive, as they 
can substitute all three aforementioned systems. 

The heat pump systems are installed among others in the zoos, as well. For instance, at Banham zoo 
in the UK, the heat pump system delivers the required heat to the 3500 m2 building at 60% of the 
cost of the fossil fuel system [44]  

 

 

Natural ventilation  

Natural ventilation is the ventilation system that does not employ any devices (usually it is electrical 
fans or special mechanical systems) to force the air flow. 

On the contrary, the air circulation through indoor space happens due to the natural forces, namely 
pressure difference inside and outside of a building. 

Opening windows to let the fresh air into a room is the obvious and everyday example of the natural 
ventilation. But at more advanced level it could be controlled with special equipment that regulates 
the volume of air flow. 

Pressure difference mainly occurs because of two main reasons: 

 natural forces of wind 
 differences in temperature and humidity 

 

When designing a ventilation system should be taken into consideration [41]: 

 climate 
 environment 
 building type – its occupancy, shape, orientation, size, etc.  

 

When installing any types of ventilation, there is also a need to take into consideration that it should 
provide not only fresh air but also indoor air quality. 

If natural ventilation cannot supply the required level of indoor climate, it could be used in addition 
with the mechanical ventilation, thus creating so called hybrid ventilation system. 

 

Advantages of the natural ventilation [39]: 

 less investment and even building construction costs, as there is no need in external fans and 
other mechanical systems 

 less operational costs 
 reduction of electricity consumption costs, as there is no fans 
 less noise due to the absence of fans. 
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Based on their simulations, Tranholm et al. suggest that installation of natural ventilation system in 
addition to the mechanical one to a shopping mall in Denmark could bring 60% energy saving and 
70% improvement in thermal indoor climate [40]. 

Though Andy Walker from the American National Renewable Energy Laboratory seems more 
realistic; he states that in building types and favorable climates, the natural ventilation saves upto 10-
30% of total energy consumption [28]. 

 

4.5. Challenges in using renewable energy sources 

A massive potential of renewable energy technologies is provided in Finland. These technologies 
have been fulfilled at fair costs [29]. The Finnish public is known for its interest to support renewable 
energy, where nine out of ten Finns desire to raise their use of solar and wind power, according to a 
review done by Finnish energy industries. However, it has been pointed out that significant market 
barriers and market failures will restrict the forward progress of renewables if specific policy 
measures are not provided for development. These kinds of obstacles can be entitled into four 
categories: 

● New technologies overcoming with older technologies, causing obstacles of 
commercialization [30] 

● Unequal tax execution between renewables and other energy sources. This causes fractures in 
prices on existing subsidies.  

● Failure to the public benefits due to no market value of the renewables 
● Market barriers, for example insufficient information, lack of investment, different targets 

between building landlords and renters, and making small purchases while having high costs 
of commerce 

 

The Challenges by the Finnish Political Perspective 

In November 2016, The Finnish government adopted the national energy and climate strategy to 
2030. Concrete measures and goals are set for Finland to achieve for 2030; these have been agreed 
by the EU and by the current Prime Minister Sipilä’s government program [31]. 

According to reports, 50 percent of increase of renewable energy share in the final energy usage will 
be in the 2020s. The main goal is the energy system is to become carbon neutral and strongly 
depended on renewable energy resources. 

Comparing to the entire amount of oil energy used in 2005, the imported oil will be decreased during 
the 2020s into half, as predicted. Also during the 2020s, production of coal energy will not be 
continued. However, this will need legal acts and proposals for discontinuation of using coal energy. 

For the combined-heat-and-power (CHP) production and the separate production of heat, energy 
taxation will be applied to promote using forest industry byproducts and wood chips, because they 
seem to be cost-effective. 

Challenges in using Wind Power 

● Cost basis is necessary if to compete with traditional energy sources. Though in the past 10 
years the cost of wind power has significantly decreased, the wind power technology needs a 
higher investment than less costly fossil-fueled generators [32]. 

● For having good wind sites or wind farms, they must be well-located, meaning far from cities 
where the electricity is highly used. Transmission lines must be built to supply the electricity 
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from the wind farm to the consumer. 

● As for the wind turbines, they might cause noise. This is an existed concern over the produced 
sound by the turbines and their visual effects to the landscape, though the wind power plants 
have little effect on the environment. 

● Damage to local wildlife caused by the turbine blades. This fact might seem to be odd, but 
many accidents happened when birds hit the spinning blades and, while the turbine is in use, 
electricity generation causes pollution to the water and to the air through mercury poisoning, 
acid rain, natural environment disruption due to warming temperatures, and others. 

Challenges in using Solar Energy 

● One of the biggest challenges of solar power is the cost when being harnessed and utilized. 
Solar panels are needed to be bought and matched in order that its energy can be utilized. This 
means that remarkable expenses will be demanded when many panels are set to generate 
sufficient and useful energy. In addition, maintenance, replacement and cleaning of damaged 
panels could mean repetitive costs [33]. 

● Demanded space is required for enough installation of solar panels to generate sufficient 
power. Plus, a found space must be in sunny part location whether at a home or at a building 
and no shadows caused by trees, other buildings or other objects should target on the panels. 

● Dealing also with the location problems. It is essential to know how sunny climates can make 
a location greater production of solar energy than colder and cloudier climates, because if the 
sun is not available for some months of a year, solar panels may not be a good usage for 
getting energy source. 

● Once the solar energy is secured, there are challenges how to store the obtained energy. A 
solution for this challenge is done by solar power battery chargers. This made a possible for 
the stored energy to be utilized during the night time, yet it is not possible to transmit the 
energy though longer distances for the polar panel location.  

Challenges of Biomass Energy 

● Mainly thinking of this option, we must confront a strong fact that it is an expensive option. 
It needs huge investment and capital to apply this biomass energy opportunity. 

● Comparing to fossil fuels, biomass energy proved to be inefficient. Dealing with the fact that 
a biodiesel ethanol that can be produced out of biomass energy is not efficient when 
comparing to gasoline. In many cases ethanol is required to be mixed with some gasoline to 
make it work decently. Plus, it is harmful to combustion engines. 

● Utilizing human and animal waste to power engines may save on carbon dioxide (CO2) 
emissions, but it unfortunately increases methane gases, which become so harmful to the 
ozone layer and that brings such case of having strong climate changes. And using waste 
products, we face unpleasant smell that needs to be considered.  

● Even if trees or tree products are utilized to power machines, there are proved to be inefficient. 
In case of being depended on trees to get somewhat energy, companies would have to clear a 
lot forest areas. This would cause a major topological changes and erase living areas of 
countless plants and animals. 

● Some more lands will be required where biomass products can be safely burnt outside of urban 
areas because of methane gases that would spread into atmosphere. 
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4.6. Summary 
 

The goal of the Helsinki Zoo on Korkeasaari island is to become carbon-neutral and energy efficient. 
Reduction of the emissions and the carbon footprint could be achieved in two ways: developing the 
renewable energy sources (RES) and decreasing the current electricity consumption. 

The most applicable renewable energy sources for a zoo are wind energy (kinetic energy of wind 
flow), solar energy (energy of the solar radiation) and bioenergy (from the organic materials). They 
all have noticeable potential in the conditions of the Southern Finland. Among the most popular 
technologies to decrease electricity usage could be listed sustainable lightning, infrared heating, heat 
pumps, natural ventilation, etc. 

The other zoos worldwide, as well as nature center Harukka in Helsinki and Särkänniemi amusement 
park in Tampere, have already successfully started to implement sustainable energy projects. Their 
expertise and know-how could be used as guiding instances for the development of the similar project 
in Korkeasaari. 

However, the execution of the renewable energy sources is continuously challenging. In addition to 
the natural and physical origins (as volatile nature, location requirements, etc), there are economical 
ones, namely commercialization obstacles faced by new competitive technologies with older 
technologies, the worth of the renewables to the public benefits including prices and other market 
barriers. 
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5. Carbon footprint in Korkeasaari 

 

Dealing with the Carbon footprint (CFP) is a major challenge in our daily life. It is a phenomenon 
done mainly by us humans. In this part, the CFP will be focused and discussed, because of the possible 
necessity to have measurements that results better reputation for Korkeasaari Zoo itself, making it 
become better example for the city of Helsinki and, by any chance, for Finland and for the European 
continent. 

First, CFP must be defined and explained. It is historically defined as the total set of greenhouse gas 
emissions produced by human being, product, organization or even by a happening, which caused 
directly or indirectly an expressed carbon dioxide gases (CO2) [1]. 

Due to large amount of data required, the whole amount of the CFP cannot be well calculated, because 
the real fact is that carbon dioxide produced by natural occurrences.   

The so-called total amount of CO2 is measured in mass units, such as kilograms or tons, although it 
is not used to calculated in terms of area unit, such as meter square or kilometer square, because this 
will create lots errors connected with estimation of footprint. Therefore, it has been concluded by 
many researches to avoid having area units for the CFP. 

As for an average household or, most the CFP come from indirect sources. An easy example can be 
taken from burned fuel to produce goods for consumers. However, if direct sources are to be known, 
they can be taken as an example of burning fuel in a vehicle, a lorry, an airplane or a ship from which 
the CFP is done directly by the consumers [2]. 

How the CFP is technically measured? The carbon footprint of an individual, a country or 
organization can be measured by the greenhouse gas emissions assessment or by other activities that 
have a calculating carbon accounting. When the size of the CFP is known, a plan is taken out to 
decrease it by methods of technologies, product processing, changing into greener options etc. 

Nowadays, there are many free online carbon footprint calculators existing, encouraged by many 
electrical companies, product manufacturers and the countries’ governments, to help the consumers 
choose less CO2 producing product, know how to live economically and to use public transportations 
actively [3]. 

Finland as a country is pioneer of promoting actions against the increase of CFP. Comparing to the 
USA’s CFP amount, which has been produced 16.4 tons per capita in 2013 [4], Finland produced 8.5 
tons per capita in the same year and the amount is decreasing annually. Yet there are many future 
steps to be taken. Thanks to the Finnish people, they have started to take seriously about the carbon 
footprint issues and they are well careful of what they buy and whether they can involve in the 
decrease of the CFP. 

Helsinki city also has decided to take part in the CFP problems and has made plans and visions to 
have the amount of CFP as low as possible by necessary measurements. It is the reason, why the Zoo 
is one of Helsinki’s strategic area where to start finding solutions for the CFP case. 

Since the carbon footprint of the zoo is dealt here, an official annual consumption rate has been 
received from Helsinki’s electrical company (Helen) that feeds solely electricity to the whole zoo. 
The annual rate is dated in 2015 and it is described in Finnish (figure 1.) 
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Figure 1. The Zoo’s annual consumption graph for electricity in 2015, explaining monthly 
consumption details from January until December. This is a confidential data from Helen LDT (Oy) 
company [5]. 

 

According to the figures, the annual consumption went closely to 2 000 000 kWh, to be precise 
1 983 946 kWh. In 2016, the annual consumption became 1 900 503, 4.2% of decrease of electricity 
comparing to 2015 annual consumption. 

Not to forget also that the zoo uses central heating that Helen provides. The central heating is very 
vital for the sake of the animals whether there are wild or maritime species. The heating system 
preserves the necessary temperature for each kind of Animal because Finland is most likely a cold 
country and most of the animal won’t be able to endure the Finnish weather. The central heating 
system has its more major role in the carbon footprint producing process. The zoo consumed in 2016 
approximately 3 816 780 kWh of heating power, as explained in figure 2.  

The vehicles of Korkeasaari, such as passenger cars and lorries, are not taken into count in the CFP 
calculations, because it will take longer time and more investigations in getting real-time tracking 
data from the vehicles CO2 figures. 
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MWh Korkeasaaren central heating consumption MWh 

sop.nro 
 

January April June October Average Average yearly 
consumption 

13268 Huvila 7,39 4,05 1,17 6,29 4,2033333 50,44 

13269 Puu ja metalliverstaat 6,58 3,68 0,68 3,87 3,6466667 43,76 

13272 Borealiatalo 8,04 2,61 1,11 7,78 3,92 47,04 

13271 Väentupa 32,46 21,02 7,48 28,96 20,32 243,84 

13274 Ankkala 6,91 3,95 0,99 5,02 3,95 47,4 

13276 Amazoniatalo 111,94 65,33 26,83 24,84 68,033333 816,4 

13275 Hämärätalo 11,93 8,26 2,88 10,72 7,69 92,28 

13295 Rivitalo  12,1 7,71 3,24 9,20 7,6833333 92,2 

13294 Kylttipaja ja Luontokoulu 10,21 5,27 1,81 8,81 5,7633333 69,16 

13297 Ravintola Pukki 18,74 13,71 7,13 20,84 13,193333 158,32 

13299 Apinalinna 7,85 5,56 0,67 3,72 4,6933333 56,32 

13296 Petotalo 61,73 37,72 11,86 53,08 37,103333 445,24 

13300 Cafe Hedvig 3,76 1,86 0,84 3,22 2,42 29,04 

13301 Kengurutalo 10,03 5,75 0,86 6,94 5,895 70,74 

13304 Karhu C 11,7 7,09 2,89 9,96 7,91 94,92 

13303 Gasellitalli 10,04 5,43 2,17 8,36 6,105 73,26 

13305 Karhu B 30,94 12,81 3,62 26,93 17,28 207,36 

13307 Saukkola 9,26 3,42 0,88 7,56 5,07 60,84 

13306 Karhu A 48,5 30,70 10,1 33,10 29,3 351,6 

13308 Kompostori 4,41 3,19 1,66 3,96 3,035 36,42 

13587 Africasia 63,32 29,57 12,11 56,06 37,715 452,58 

22793 Varikko 13,14 8,77 1,98 11,02 7,56 90,72 

25686 Riikinkukkotalo 3,27 1,38 0,04 1,91 1,655 19,86 

12593 Mustikkamaan vastaanotto 23,27 14,97 4,57 8,50 13,92 167,04 
       

3816,78 

Figure 2. The Zoo’s total annual heating consumption for 2016 summed up within 24 of its sections 
and their heating values given in MWh. 

 

To calculate the CFP value for the electrical and heating consumption, the average of specific carbon 
dioxide emissions (g/kWh) values are needed to make the calculations. These can be obtained from 
Helen, since it is main feeder to the zoo. According to Helen, the average for the electrical g/kWh 
was 191 in 2015 (for 2016, official data is not yet given) and for the heating was 163 in 2016. 

 

So, to get the CFP is to use this calculating method: 

CFP = (Annual Consumption) * (Specific Carbon Dioxide Emissions) 

Here are the results then: 

For the CFP of electricity (2016) 

1 900 503 kWh * 191 g/kWh (assuming!) = 362 996 073 = ca. 363 tons of carbons 
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For the CFP of heating (2016) 

3 816 780 kWh * 163 g/kWh = 622 135 140 = ca. 622 tons of carbons 

Combining both together, the total CFP will be ca. 985 tons of carbons! 

 

Suggestions for reducing the CFP 

Carbon Footprints can be reduced through alternative projects that can be developed. They example 
projects can consist of solar and wind energy, which are environment friendly and can be easily 
renewable resources. Other option could be reforestation, meaning the restock of existing forests or 
woodlands that have previously been erased. Luckily Finland is a forest country and the forest is well 
preserved and well taken care of. If there is a possible for the zoo to be more forested, then this idea 
is welcomed. 

It is advisable for the zoo staff to use only electrical vehicles in the zoo area and letting only the large 
cargos to be entered by the lorries. One electrical vehicle is already being used in the zoo, but this 
does not encourage enough for the CFP reduction. 

One of the radical options is to have less populated areas or less populated inhabitants closed to the 
zoo. However, this will become a political involvement in this case, which is not preferable.  

 

6. Solar energy in Korkeasaari 
 

6.1 Introduction 

The solar power contains enormous potential for energy production. If the Solar energy on the land 
could be utilized fully, the annual energy required for the people need only about two hours of solar 
radiation from the sun to the earth. The possibility of solar electricity in southern part of Finland is 
around 1100 kWh/kWpeak. [7] 

 The utilization of solar radiation is at its best when radiation is perpendicular to the surface of the 
solar energy device. Solar radiation can be used to produce both heat and electricity. Solar 
photovoltaic power is produced by solar panels (Photovoltaic PV) and heat with solar collectors 
(Solar thermal). Solar collectors are both flat panels and vacuum tube collectors. Vacuum tube 
collectors are technology newer and more efficient production. This is because the surface of the 
vacuum pipe collector is orthogonal to the radiation more than the plane one. The location, tilt angle 
and orientation of the solar energy device have a significant effect on it optimum performance and 
energy output. 

 

6.2 Solar power generation 

Helen is one of the major players in solar power generation in Finland. According to a research done 
by Helen, one of the major keywords of the energy in future is the sun. [8] 

Helen already partnered with Korkeasaari for against to climate change initiative [9]. Planned solar 
power generation at Korkeasaari by Helen is given below:  

 

Sl.No. Building name Power generation 
capacity in KWp 
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1 Satama 10 

2 Petotalo 20 

3 Tarharakennukset 20 

4 Varikkorakennukset 30 

5 Hallintorakennukset 20 

 Total 100 

 

Helen already installed 2X10KWp of solar panels out of above mentioned capacity of 100KWp.  

 

Calculations: 

The possibility of solar power generation for 1sq.mtr. area at Korkeasaari throughout the year is as 
follows: 

Inputs and assumptions: 

Area – 1 sq.m. 

DC system size capacity – 0.2 kW dc 

Module type – Standard (crystalline Silicon with 14% of efficiency) 

Array type – Fixed (roof mount) 

System losses – 26% 

Tilt – 15 oC 

Month 
Solar-Radiation 
(kWh/m^2/day) 

AC System Output/1 
Sq.m.(kWh) 

1 0.36 1.51 

2 1.33 5.40 

3 2.30 10.36 

4 4.03 17.15 

5 5.81 24.84 

6 6.11 24.78 

7 5.87 24.35 

8 4.44 18.53 

9 2.69 11.22 

10 1.36 5.94 

11 0.38 1.53 

12 0.14 0.49 

Total 34.80 146.12 

 

As per solar panels installed (20kW capacity) and planned (80 kW capacity) by Helen report. From 
the report, the sample area of 75 sq.mtr. is able to generate 8220 kWh/year of the power, which 
converts to 110 kwh/sq.mtr./year of practically. From above table, theoretically this value is equal to 
146 kWh/sq.mtr./year. Hence, the theoretical value is 75% of practical value. Currently Helen 
installed and planned solar panels on the roofs of the building in the area of 750 sq.mtr. of buildings 
which is able to generate 82200 kWh/year. [9] 
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Approximately around 750 sq.mtr. of roof area is used in Korkeasaari, the generation percentage is 
compared with electrical usage in below table: 

Month Solar-Radiation 
(kWh/m^2/day) 

AC System 
Output(kWh) 

Current AC System 
Output(kWh) with 

750 sq.mtr 

Electrical 
usage 

(kWh/month) 
Percentage 

1 0.36 1.51 1135.41 188203 0.60 
2 1.33 5.40 4051.71 155743 2.60 
3 2.29 10.36 7773.35 158627 4.90 
4 4.03 17.15 12865.15 142477 9.03 
5 5.81 24.84 18626.82 151437 12.30 
6 6.11 24.78 18586.38 155385 11.96 
7 5.87 24.35 18259.35 168023 10.87 
8 4.44 18.53 13895.60 155143 8.97 
9 2.69 11.22 8415.10 141493 5.95 

10 1.36 5.94 4457.59 142496 3.13 
11 0.38 1.53 1145.49 169979 0.67 
12 0.14 0.49 368.90 171497 0.22 

Total 34.80 146.11 109580.84 1900503 5.77 
 

Approximately additional 2000 sq.mtr. of roof/land area can bring in to installing the solar panels in 
Korkeasaari, the generation percentage possiblity is compared with electrical usage in below table: 

Month Solar-Radiation 
(kWh/m^2/day) 

AC System 
Output(kWh) 

Current AC System 
Output(kWh) with 

2000 sq.mtr 

Electrical 
usage 

(kWh/month) 
Percentage 

1 0.36 1.51 3027.75 188203 1.61 
2 1.33 5.40 10804.56 155743 6.94 
3 2.29 10.36 20728.93 158627 13.07 
4 4.03 17.15 34307.07 142477 24.08 
5 5.81 24.84 49671.51 151437 32.80 
6 6.11 24.78 49563.68 155385 31.90 
7 5.87 24.35 48691.61 168023 28.98 
8 4.44 18.53 37054.92 155143 23.88 
9 2.69 11.22 22440.27 141493 15.86 

10 1.36 5.94 11886.91 142496 8.34 
11 0.38 1.53 3054.64 169979 1.80 
12 0.14 0.49 983.72 171497 0.57 

Total 34.80 146.11 292215.58 1900503 15.38 
The total theoretical percentage of solar power generation possibility with respect to the power 
consumption = 5.8 + 15.4 = 21.3% of total electricity consumption = 402 MWh/year. 

But practical solar power generation = 0.75*21.3 = 16% of total electricity consumption = 301 
MWh/year. 

 

In present situation, the solar power generated by Korkeasaari is not able to utilize properly in peak-
time because of its distributed generation and usage depending on its installations. In the future, this 
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scenario is going to predominant, hence there is need of interconnection network of solar gernerated 
electricity and makes to utilized by zoo in all the times. Otherwise, expensive storage systems need 
to be installed. 

 

6.3 Solar thermal collectors 

Solar thermal energy is other option using solar power for water heating and building heating system. 
Though, this is quite tedious in integration of all buildings heating system in Korkeasaari with all 
individual roof top solar thermal collectors generation. However envisaged possibility of generating 
solar thermal, which can be done on the unutilized roof (where power generation not possible to 
install).  

Calculations: 

Assumed flat plate glazed type thermal collector with horizontal placement. 

Floor area considered = 10 sq.mtr. 

Energy content of hot water used = 2102 kWh/yr 

Collector aperture area = 9 sq.mtr. 

Heat-loss coefficient for collector = 6 W/m²K 

Zero loss efficiency = 0.75 

Annual solar radiation = 1100 kWh/sq.mtr./yr 

Dedicated pre-heated cylinder = 50 litres 

Solar energy captured = 590 kWh/yr 

From the 2015 data, the annual consumption of heat by Korkeasaari is 3816 MWh/yr.  

Further need to envisage the roof area availability and its position at Korkeasaari, which gives 
complete estimation for heating generation with solar thermal collectors. 

If 1000 sq.mtr. roof area can be brought to usage for solar thermal collectors the energy captured is 
around 59 MWh/yr, which is 1.5% of annual consumption. This can be improved bit with other 
efficient solar thermal collectors. 

 

6.4 Conclusion 
Solar power produced from Helsinki Zoo could be around 301 MWh/year. This is around 16% of the 
whole electricity consumption per year. Whereas, when it comes to heating system, the energy 
produced by solar thermal collectors is 1.5% of Korkeasaari heating energy consumption. These 
values can be increased with the advanced higher efficient solar panels/collectors, efficient space 
management on the roof and efficient tilting mechanisms. As in the summer, the solar radiation span 
in a typical day is much more than the other parts of the world and Korkeasaari is geographically well 
located with the clean weather conditions the efficiency of solar generation can be improved.  

When installing both solar thermal collectors and solar panels the problem is the space that is needed. 
This is why solar thermal collectors seems to be worse option than solar panels. The energy captured 
by solar thermal collectors is not that big to be invested. 
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7. Wind energy in Korkeasaari 
 

7.1 Wind energy potential in Korkeasaari 

Geographically Korkeasaari lies in a sufficient location what comes to wind energy. Generally 
speaking coastal regions have several advantages than inland. One main advantage is that same 
amount of energy can be harvested in lower altitudes. Thus, lower hub heights can be used and the 
turbine will not stand out from the landscape. Figure 1 shows the yearly average windspeed in 
Korkeasaari area where Korkeasaari is highlighted inside the black box. 

 

Figure 1. Windspeed yearly average [10] 

From tuuliatlas data we observe that yearly average windspeed at 50m above ground level is 6,1-6,6 
m/s. Windspeed varies seasonally so that in january average values are from 7,5 to 8,3 m/s and during 
summer months from 5,5 to 6 m/s. There must be taken into account the fact that those values are at 
50m height above ground level and the windspeed decreases near ground level. However, windspeed 
is enough for small scale turbines. 

Effect of the observation height and roughness parameter can be calculated by using formula 1. [11] 

= ∗  , 

where vz is the estimated wind speed at heigth z, vref is reference windspeed from windatlas, zref is 
the original heigth (here 50m), z0 is the roughness parameter which unit is meter(s). 

Roughness parameter value varies from 0,000023m (calm inland lake) to value 3m (city center of a 
big city) [11]. The excactly correct value is hard to estimate but in Korkeasaari area it might be 
something between 0,2-1m. Thus, the average yearly windspeed would be from 4,5 m/s to 5,4m/s by 
using 18m high tower for the turbine. During winter months when the 

energy generated by photovoltaics is low is the best season for wind power. For example, in january 
we would have windspeeds from 6,1 to 6,8 m/s. 
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7.2 Proposed solutions 

 

Windspot 3,5kW windturbine 

Windspot is manufactured by Spanish company Sonkyo Energy which is specialized in small scale 
wind turbines. The turbine is developed to meet the requirements defined in standard IEC 61400-2. 
Figure 2 shows the power and energy curves of a windspot 3,5 kW wind turbine. 

 

Figure 2. Power curve of windspot 3,5kW turbine [12] 

As we can observe the average power production in January would then be approximately 0,7kW and 
energy generated in that month would be about 520kWh. The amount of energy generated annually 
would be then 3000kWh to 7000 kWh. Annual energy savings would be then in optimal case 1050€, 
if electricity bought from network costs 15snt/kWh (including energy and distribution fees). 

Investment cost of a network connectable Windspot 3,5 kW system is 11 900€ which includes the 
turbine, control unit with rectifier and brake resistor, network inverter and safety switches. [12] The 
tower cost depends on materials and manufacturer used but is around 1500€. Thus, the total cost of 
the turbine would be approximately 14 000€. 

If neglecting the O&M costs the payback time of the windspot turbine would be ~14 a. If we assume 
that the turbine lasts for 15 years and again neglecting O&M and discount factors the price of energy 
produced would be 13snt/kWh. So it seems that the wind turbine of this type could be economically 
feasible in Korkeasaari. 

One consideration what comes to wind power is the noise. In this case the measured value obeying 
the BWEA-standard is 45dB(A) measured 60 meters from the turbine and at a windspeed of 8 m/s. 
[12] The value is about the same as a refrigerator’s noise level. Another point is how does the turbine 
fit to the environment but this is usually a problem only when implementing one into a residential 
area. Moreover, in this case it is positive that visitors can see the turbine and it adduces clearly the 
green values supported by korkeasaari. Figure 3 shows how a wind turbine would look at Korkeasaari. 
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Figure 3. Wind turbine at Korkeasaari 

 

Windside VAWT 

Windside is a Finnish company which have manufactured vertical axis wind turbines since 1982. One 
of the main advantages in this consept is that those turbines start to produce energy at very low, even 
at 1-3 m/s wind speeds. In addition, Windside turbines are almost noise free, under 5dB measured 2 
meters from the blade. Manufacturer also claims that the lifecycle of a windside turbine could be as 
long as 50 years. 

The windside turbine is physically small (WS-0,30 weights only 40kg, is one meter high and diameter 
of 0,3 meters) and does not need any mast or other extra equipment. Therefore, it could be installed 
for example to the roof of the ticket sale building where it could produce energy for lighting and other 
small power electric devices. Windspot has a wide range of turbine sizes starting from 0,15kW to 
12kW. Leading to an annual generated energy from 40 to 9000 kWh (or saved money from 6€ to 
1350€) at Korkeasaari. [13] 

 

Endurance E3120 

Endurance E3120 is a network-connected turbine rated 50kW at windspeed 10 m/s. The cut- in speed 
of the turbine is 3 m/s. It is available with 24,6 or 36,4 meters high tower. If using the lower tower in 
Korkeasaari this would lead to average annual windspeeds from 5,3 m/s to 5,8 m/s. This would lead 
to annual energy generated 130 000kWh to 160 000kWh. Thus, money 

would be saved 19 500-24 000€ annually. The total investment cost of the plant would be somewhere 
around 250 000€ to 310 000€. [14] 
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8. Bioenergy in Korkeasaari 
 

8.1 Introduction 

The use of biofuels is increasing rapidly in developed countries. Biofuels are fuels that are created 
with biological processes and therefore are more environmental than fossil fuels. Biological processes 
include anaerobic digestion where, energy crops, wood and organic wastes are converted to 
bioenergy. In anaerobic digestion multiple anaerobic chemical processes converts the mass to biogas. 
[15] Use and more technical details about anaerobic digesters are discussed in attachment 1.  

In Helsinki Zoo, it is possible to create bioenergy from animal waste, food waste and garden waste. 
Animal waste includes their food waste and manure and garden waste includes grass and wood waste. 
In year 2016 there were 187,36 tons of waste. This mass does not include food waste from restaurants, 
but there is an estimate that they have a yearly waste of 10 tons of food waste. All of this could be 
converted as bioenergy with anaerobic digester. 

The use of anaerobic digestion in the Helsinki Zoo would be problematic. Digestion needs a large 
tank where the manure and garden waste would be placed. So the whole adaption to everyday use in 
the Helsinki Zoo needs space but the island is quite small. If the tank is adapted to the Helsinki Zoo, 
it might need to be placed somewhere near the zoo.  

To convert the biofuel to usable energy, for example electricity, it needs generator. Generators are 
quite expensive in this kind of small scale bioenergy production. The fuel could be also sold away so 
the electricity is not used in local consumption. This implementation needs an external pipeing to the 
production area, and that might be too big of an investment.  

With onsite production, the problem is also the odor. As said in article [17], it is very common for 
bioenergy production areas to get complains from odor. With case of Helsinki Zoo bad smell is not 
wanted because it might affect on consumers and visitors. So, if the digester tank is adapted to 
Korkeasaari it needs to be vacuumed and biofiltered carefully and the smell leakages needs to be 
minimized. [17] 

 

8.2 Bioenergy potential in Korkeasaari 

In Helsinki Zoo year 2016 there were 187,36 tons of waste. This waste includes manure from animals 
and garden waste (grass waste, wood waste etc.). By using anaerobic digestion, this waste could be 
used to turn waste into environmental and renewable electricity. 

Biogas includes methane that is the chemical that is used in energy production. In case of natural gas 
the gas contains 90% or more of methane. Natural gas is very methane rich compared to biogas. 
Biogas contains around 60% of methane in average. Energy content of natural gas is around 32,3 – 
35MJ/ m3 and biogas 21 – 23,5MJ/ m3. [19] This means that one cubic meters of biogas in Helsinki 
Zoo could be converted into 6kWh of electricity. However, because of the conversion losses in 
generator, in the best case only 40% could be turned into electricity. This means that meter cubic of 
biogas could be turned into 2,4 kWh or less. [16,18,19] 

Notable values that vary depending on the chemical content of the biomass are energy taken from 
biogas, how much gas is produced with waste and conversion losses.  

The common values for calculating the electricity that could be produced in Helsinki Zoo by using 
biogas are shown below: 
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= 187360  

   = 0,1 

   =
21

 

   =
23,5

 

1 = 0,2778 ℎ 
 = 40% 

 

 

8.3 Bioenergy calculations 

In the table 1 is the calculations which shows how much electricity could be produced in Helsinki 
Zoo with bioenergy. This is compared into monthly electricity usage in Helsinki Zoo. The values are 
calculated with converting the biomass into cubic meters of biogas with multiplying by 0,1. This is 
multiplied by average value 22,25 to get the energy(MJ). And this is multiplied with 0,2778* to get 
energy in kWh. Then it is multiplied by 0,4 because of the conversion losses. 

The table is calculated with 40% efficiency which is a bit high, but possible conversion loss. A study 
[18] suggests that better efficiency would be around 30%. Also this calculation used 0,1 on how much 
biogas could biomass(kg) produce. An article [16] suggests that 0,13m3 of biogas per kg. Energy 
contents are varying but the average values of energy contents are between 21 and 23,5MJ/m3. 

The most notable thing to see in the table is that with this amount of waste it is possible to produce 
46323kWh of electricity per year and it covers only 2,4% of the whole electricity consumption.  

 

Table 1. Bioenergy calculations with average values by month. 

   Average Average Average Electricity 
usage 

Percentage % 

 Waste/ kg Biogas/ 
m3 

Energy/MJ Energy/kWh With 
conversion 
losses = 0,4 

kWh/Month Average 

Jan. 15613.3 1561.3 34739.67 9650.68 3860.27 188203 2.05 

Feb. 15613.3 1561.3 34739.67 9650.68 3860.27 155743 2.48 

March 15613.3 1561.3 34739.67 9650.68 3860.27 158627 2.43 

April 15613.3 1561.3 34739.67 9650.68 3860.27 142477 2.71 

May 15613.3 1561.3 34739.67 9650.68 3860.27 151437 2.55 

June 15613.3 1561.3 34739.67 9650.68 3860.27 155385 2.48 

July 15613.3 1561.3 34739.67 9650.68 3860.27 168023 2.30 

Aug. 15613.3 1561.3 34739.67 9650.68 3860.27 155143 2.49 

Sep. 15613.3 1561.3 34739.67 9650.68 3860.27 141493 2.73 

Oct. 15613.3 1561.3 34739.67 9650.68 3860.27 142496 2.71 

Nov. 15613.3 1561.3 34739.67 9650.68 3860.27 169979 2.27 

Dec. 15613.3 1561.3 34739.67 9650.68 3860.27 171497 2.25 

Sum 187360 18736 416876 115808 46323.26 1900503 2.44 
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In the table 2 is calculated the worst-case values of electricity production from biogas. These 
calculations have used 0,1 as the value for converting 1 kg biomass into cubic meter of biogas. Cubic 
meter of biogas produces 21MJ of energy. Generator efficiency is 30%.  

With these values we see that it creates 32790 kWh of electricity per year which is 1,7% of yearly 
energy consumption. This is quite small amount but very likely. This worst-case yearly production is 
around four times bigger than to-be solar electricity production, but the investments are highly bigger.  

 

Table 2. Bioenergy calculations with worst-case values by month. 

      Electricity usage Percentage % 

 Waste/ kg Biogas/ m^3 Energy/MJ Energy/kW
h 

With 
conversion 
losses = 0,3 

kWh/Month Average 

Jan. 15613.3 1561.3 32788 9108.51 2732.55 188203 1.45 

Feb. 15613.3 1561.3 32788 9108.51 2732.55 155743 1.75 

March 15613.3 1561.3 32788 9108.51 2732.55 158627 1.72 

April 15613.3 1561.3 32788 9108.51 2732.55 142477 1.92 

May 15613.3 1561.3 32788 9108.51 2732.55 151437 1.80 

June 15613.3 1561.3 32788 9108.51 2732.55 155385 1.76 

July 15613.3 1561.3 32788 9108.51 2732.55 168023 1.63 

Aug. 15613.3 1561.3 32788 9108.51 2732.55 155143 1.76 

Sep. 15613.3 1561.3 32788 9108.51 2732.55 141493 1.93 

Oct. 15613.3 1561.3 32788 9108.51 2732.55 142496 1.92 

Nov. 15613.3 1561.3 32788 9108.51 2732.55 169979 1.61 

Dec. 15613.3 1561.3 32788 9108.51 2732.55 171497 1.60 

Sum 187360 18736 393456 109302.08 32790.62 1900503 1.73 

 

In the table 3 below is calculations with best-case values for bioenergy production. In the calculations 
also food waste is added, around 10000 kg per year. The food waste has not used in previous 
calculations because the amount is an estimate and it is not recycled to Ämmässuo.  The calculation 
has also used 10 kg of biomass creates 1,3 cubic meters of biogas [16]. Cubic meter of biogas 
produces 23,5MJ of energy and generator efficiency is 40%.  

With these values the best-case bioenergy could be produced around 70000 kWh, which is 3,5% of 
the Helsinki zoo yearly production. This sounds promising, but not very likely.  
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Table 3. Bioenergy calculation with best-case values by month. 

      Electricity 
usage 

Percentage 
% 

 Waste/ kg Biogas/ 
m^3 

Energy/MJ Energy/kWh With 
conversion 
losses = 0,4 

kWh/Month Average 

Jan. 16446. 7 2138.07 50244.567 13957.94 5583.18 188203 2.97 

Feb. 16446. 7 2138.07 50244.567 13957.94 5583.18 155743 3.58 

March 16446. 7 2138.07 50244.567 13957.94 5583.18 158627 3.52 

April 16446. 7 2138.07 50244.567 13957.94 5583.18 142477 3.92 

May 16446. 7 2138.07 50244.567 13957.94 5583.18 151437 3.69 

June 16446. 7 2138.07 50244.567 13957.94 5583.18 155385 3.59 

July 16446. 7 2138.07 50244.567 13957.94 5583.18 168023 3.32 

Aug. 16446. 7 2138.07 50244.567 13957.94 5583.18 155143 3.56 

Sep. 16446. 7 2138.07 50244.567 13957.94 5583.18 141493 3.95 

Oct. 16446. 7 2138.07 50244.567 13957.94 5583.18 142496 3.92 

Nov. 16446. 7 2138.07 50244.567 13957.94 5583.18 169979 3.28 

Dec. 16446. 7 2138.07 50244.567 13957.94 5583.18 171497 3.26 

Sum 197360 25656.8 602934.8 167495.29 66998.12 1900503 3.53 

 

8.4 Conclusion  

Bioenergy produced from Helsinki Zoo could be around 46323.261kWh/year. This is around 2,4% 
of the whole electricity consumption per year. The value sounds very promising in a small scale 
bioenergy production, but it is not likely to be profitable in this scale. By utilizing bioenergy Helsinki 
zoo needs to have a generator which could produce electricity from methane or pipings to the external 
gas electricity producer. Both of the options are big investments. 

The whole amount of electricity produced from biowaste sounds a little bit small. Even though zoos 
in USA has started to utilize bioenergy from animal waste it is not very profitable in Helsinki Zoo. 
Helsinki Zoo does not have that many big animals and the zoo itself is small compared to big zoos 
that utilizes bioenergy. 

There is still a slight chance of utilizing the waste from animals: Cooperation with other biowaste 
producers. Like in literature overview attachment 1 has discussed about american zoos that produces 
bioenergy together with pig farm. This is a good chance to share the costs of bioenergy production. 
With this possibility Helsinki Zoo has a chance to get the image of recycling the waste properly. 
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9. Energy storage in Korkeasaari 
 

Electricity is such an instance that is generated and consumed simultaneously. Though it is not 
impossible but difficult to store it. The stochastic and volatile nature of the renewable energy sources 
makes the need in them more and more crucial. It is inevitable back-up for the windless hours for the 
wind turbine systems and for the night time for the solar panels supplied systems. 

Several technologies have been invented for the energy storage.  

Exceeding generated power during the high periods (for instance daytime for solar panels) could be 
injected into energy storages, and then released during the low times (nighttime). 

At the current situation to store the energy from the summer to use during winter though technically 
possible but not economic. Due to inevitable partial discharge of the batteries, the half of the stored 
energy would be lost. Klimstra states that the cost of the delivered kWh would be at least 45 €. [21] 

In this case we propose to use that definition of “carbon-free” that first you give out your “green” 
energy to the other places; then you take “non-green” energy back; in total the sum is zero. 

Thus, at the current situation the energy storage is realistic for peak-shaving and day/week balancing. 

In our opinion, the following two technologies are applicable for the small microgrid as Korkeasaari: 

  

9.1 Batteries 

Batteries store energy in the form of electrochemical energy. It is good old and proven technology 
that in many years has been used in grid-level applications, including back-up at substations and at 
power stations. In fact, lead-acid batteries are workhorse for industrial and commercial use. Output 
energy typically can exceed 90% of input energy [26]  

Batteries are of highly new technology. The helpful storage capacity increases with each battery 
added to a battery bank that could be upgraded till megawatt load-levelling applications. 

Electro-chemical battery systems respond immediately with maximum capacity. This is especially 
convenient in island operation. 

The disadvantages of the batteries are: 

- batteries are hazardous waste;  

- lifetime of batteries is limited (5 years in average); 

- they are limited in merits of cycles of charge and discharge. 

  

The widespread types of batteries are lead-acid, lithium-ion, sodium-sulphur ones. 

  

Calculation of lead-acid battery storage: 

According to the previous consumption, the average daily consumption of Helsinki zoo is about 5500 
kWh. 

If the most commonly used batteries utilized, it has 12 V and 100 Ah. 

Energy that a battery room should provide 
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E =  

where Q is energy, V is voltage of the battery, K is the allowed depth of discharge (DOD), since 
discharging the battery deeper than 50% of its maximum storage capacity will drastically reduce its 
life.   

E = 
, ∙

∙ ,
 = 917000 Ah 

  

If a single battery can provide 100 Ah, then we need 9170 Batteries in a battery room if we want to 
secure one day consumption 

The dimension of one battery is approximately 3 x 3 x 5 meters.  

In addition, the AC-DC converters and the other supporting equipment are required, as well. Thus we 
need a separate building for hosting the battery room. 

According to Klimstra, the application of such battery for using at nights the energy that was 
accumulated during day for some 2000 cycles with a depth of discharge of 50% will cost around 21-
25 €cnt, (presuming that the energy is not bought in the market but produced in the zoo itself). [21] 

  

Lithium-ion batteries 

Lithium-ion batteries seem to be hopeful storage technology especially for decentralized grid-
connected PV battery systems. 

Main advantages [26]: 

- high energy density 

- high calendar and cycle lifetimes 

- efficient and fast charging 

- little energy wasted while charging and discharging 

- holding upright is not needed 

- little maintenance 

- little voltage drop 

Its disadvantages are:  

● comparatively high price   
● subjugated to expiry, even though it is not in use - storage in a cool place at 40% charge 

decreases the aging influence. 

Sodium sulphur batteries 

Sodium sulphur batteries require high temperatures (300 degrees) for the reaction to occur. [25] This 
makes it applicable for large grid applications and hardly just for a zoo.  

  

9.2 Flywheels 

Flywheel energy storage systems (FESS) keep energy in the form of kinetic energy. A mass, called a 
rotor, is set in the rotating motion. Due to the inertia and the minimized friction, the rotor keeps 
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rotating and then, when required, it can be slowed down. The unleashed kinetic energy is converted 
to the electrical energy and released to the system. 

Thus, the essential part of a flywheel energy storage is a massive rotating cylinder, which for the 
purpose of minimizing the friction sits on a stator with the help of bearings and magnetic levitation 
[21].   

 

Figure 1. Beacon Power Flywheel Diagram [24] 

  

The main advantages of FESS are [20]: 

 they need less maintenance; 
 long service time; and moreover, the FESS performance is not deteriorating with the time (the 

manufacturers guarantee over 100 000 full depth of discharge cycles; the newest 
configurations this number is increased till 175 000; and the development continues in that 
direction) 

 minimal, tending to negligible, environmental impact, as FESS do not contain any harmful 
chemicals and do not require large changes to landscape.   

  

Typically, the amount of energy stored is 25 kWh with a discharge capacity of 100 kW.  
Typical dimensions of such a flywheel would have height of 2 m and diameter of 1,2 m. [21] 

Thus, the surface area of a flywheel is  

A = Пr2 = 3,14 ∙ 0,62 = 1,13 m2 

That is for instance the model Beacon BP-400 flywheel that provides 25 kWh charge and discharge 
and capable of charging and discharging at full rated power without restriction. The manufacturer 
states that its lifetime throughput is over 4375 MWh. It is an applicable and proven model, as 0,5 
MW and two 20 MW energy storage plants in the utility grid in the United States successfully operate 
with this model. [22] 
 
Thus, to secure one day consumption of 5500 kWh, the zoo would need 220 flywheels. Beacon Power 
company that focuses on the construction of the Flywheel energy storages (FES) states that it could 
install operating systems at any size from 100 kW to multi MW power blocks.  

The required space for it would be  
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1,13 ∙ 220 = 250 m2 

Let’s add another 250 m2 for the space between the flywheels and ancillary buildings. In total, we get 
500 m2 or 0,05 ha. The area of Korkeasaari island is 22 ha; the flywheel energy storage would take 
just 0,2 % of the island space.  

If the zoo would not want to harm the landscape with the flywheel energy storage, it is possible to 
locate it onto the adjacent islands of Hylkysaari or Palosaari (which areas judging by Google maps 
are estimated to be 4,5 ha and 1,5 ha respectively). 

 

 

Figure 2. The 2 MW configuration of Flywheel Energy Storage [24] 

  

The investment and operating costs are shown in the following table 

Table 1.  Summary of commercially available storage technologies. [26] 
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The following table shows the estimation of the capital and operating costs for the Helsinki zoo, 
based on the previous summary. 

Table 2.  Capital and operating costs of applicable energy storages.  

  Lead-acid batteries Li-Ion batteries Flywheels 

Capital costs 1,0 - 3,4 mln $ 
(0,9 - 3,0 mln €) 

3,0 - 9,0 mln $ 
(2,7 - 8,2 mln €) 

9,0 - 18,0 mln $ 
(8,1 - 16,3 mln €) 

Annual operating costs 165 000 $/year 
150 000 €/year 

140 000 $/year 
125 000 €/year 

85 000 $/year 
75 000 €/year 

 

The capital costs of the batteries are considerably lower than the ones for the flywheels but lifetime 
of the batteries is 3-10 or 15 years versus 20 years of flywheels. Moreover, the storage is supposed to 
operate on a daily basis, thus the number of lifetime cycles sets the flywheels (>100 000) well ahead 
of the batteries (500 - 3000).  

 

 

10. Conclusion 
 

Table 1 is showing how much electricity is used on average in Finnish houses. This information is 
used to help compare the carbon savings of our renewable energy sources in table 2. We’ll get that 
with all the energy savings, using new renewable energy sources and solar thermal collectors we get 
222 tons of CO2 savings. This is equivalent to 61 Finnish household electricity emissions for one 
year. When comparing with American households, that on average consumes less electricity than 
Finnish households but electricity has bigger carbon footprint the value is 32. These values do not 
take into account the possible solar thermal collector savings because we don’t find those profitable 
enough. 

 

Table 1: Average electricity consumption in Finnish households per year 

 Finnish household electricity 
consumption and average 
carbon footprint 

 kWh g/kWh 

[27] 19500 3572400 

[28] 18480 3385536 

[29] 20000 3664000 

Average 19326,7 3540645 
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Table 2: Carbon savings compared to household electricity usage.  

Carbon savings compared to finnish and american 
household electricity carbon footprint 

 Finnish American 

Bioenergy 2,5 1,3 

Wind energy 0,8 0,4 

Solar energy 16,2 8,5 

Energy savings 41 21,5 

Sum 61 32 

 

Table 3 gives the idea of how much different renewable energy sources are compared to whole 
consumption. The table also shows if there is estimated 40% energy savings how much they cover 
then. The estimated 40% is just an estimate by the fact that the electricity usage in Korkeasaari sound 
too big for the whole island. The savings could come from lightning or more intelligent electricity 
usage. 

Solar energy is the energy source of the highest renewable technology that covers about 16% and 
with energy savings 26% of the whole consumption. This should be lower than the consumption in 
every hour of the day but this needs more calculations and more data. Solar energy is one of the most 
profitable RES, so it needs to be invested. 

Wind energy is little less than one percent. In our conclusion, we have suggest implementing three 
Windspot 3,5kW wind turbines that would produce together 15000 kWh/year. The amount of wind 
turbines is based on the size of the Korkeasaari and natural center Harakka -report [30]. There are 
major positive sides in using wind energy and it is no doubt possible RES. Problems might be the 
image to the landlord. The image also gives a positive feel about the green values of Korkeasaari. 
Another problem could be noise. 

Bioenergy is not profitable. It covers only 2,4% of the whole production at an average case. Also 
smallest small scale bioenergy plants has been two times bigger (100 kWh/year) than this could be. 
Problems are also smell and the area it needs. If the energy from the biowaste is needed, it would be 
possible to cooperate with some other waste producer to share the expenses. This kind of 
collaboration could work. 

 

Table 3: Percentages of renewable energy sources 

 kWh  Percentage  Percentage (With 
electricity savings 40%)  

Bioenergy  46323  2,4  4,1  

Wind energy  15000  0,8  1,3  

Solar energy  301000  15,8  26,4  

 

Because of the stochastic nature of the renewable energy sources, the need in energy storage is 
unavoidable. It is inevitable back-up for the windless hours for the wind turbines and for the night 
time for the solar panels supplied systems.  
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At the present level of energy storages development, it is still economically unacceptable to store the 
energy from the summer to use during winter. However, energy storage could be used for peak-
shaving and day/week balancing.  

The batteries and flywheels are two most applicable technologies for the Helsinki zoo. Based on the 
planned type of zoo’s electrical consumption, the flywheels are seen to be the most suitable ones. 
Although they are more expensive but they are not limited in lifecycles of charge and discharge, as 
well as they are more ecologically friendly. 

Energy storage has few positive sides. It guarantees the electricity even when there is interruption in 
electricity distribution. Energy storage also guarantees electricity for animals in Korkeasaari, because 
they need their own special heat and lightnings. It also balances the energy consumption. 

Figure 1 shows in pie chart how the where the electricity is produced. Almost one fifth of the 
electricity consumption is own renewable energy sources which might be the maximum in 
Korkeasaari. Of course, with possible energy savings (estimated 40%) the RES could cover up to 
30% of the electricity consumption. 

 

 

Figure 1: Possible sources of electricity 

 

Carbon footprint savings are shown in the figure 2. It is seen that the carbon footprint of the heating 
is the biggest problem. In case of carbon neutrality, our suggestion would be to buy water energy 
heating. 

Bioenergy Wind energy Solar energy Other sources
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Figure 2: Carbon emissions and savings by source 

 

 

10.1 Notable facts to be considered in Helsinki zoo: 

 

Better automatic control of the different technical equipments in the zoo. This includes also better 
data gathering for example electricity consumption and heating. 

Gathering all the data from Korkeasaari. All electric equipments and usage, heating, consumption, 
lightning, vehicle usage. 

More solar energy. Like Helen has calculated up to 100kWp it is possible to install without energy 
storage or selling it back to the grid. 

Wind power is possible and profitable. Same kind of situation as in Harakka [30]. Only problem is 
that it might be a problem for its visual look. 

Bioenergy is not that profitable. The bioenergy plant would be a huge investment and there are two 
big problems in it: odor and place. Also, it would cover only 2.4 percent of the whole electricity 
consumption. Right now, the biowaste or so called “garden waste” is now put to Ämmässuo. They 
could also be dumped to some bioenergy plant. This makes it more environmental. 

Heat pumps are not profitable. With heat pumps it is possible to lower carbon footprint but central 
heating is much cheaper, according to email conversation with ilmalämpöpumppu.fi specialist. 

Solar thermal collectors are also same as heat pumps. Not so profitable, but the image they give could 
be useful. Also lowers the carbon footprint. 

Smart lighting, led lighting, more control over the electrical equipment could lead to serious savings. 
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Most of the carbon footprint comes from heating. Investments to lower the heat losses in the buildings 
is more than welcome. If Korkeasaari wants to lower carbon footprint it needs to lower the heat usage 
in all of the buildings. 

Like carbon footprint specialist said the best way to have carbon neutral electricity is to buy renewable 
electricity. This is why Korkeasaari buys water electricity. 

Solar energy could be collected also from special designed panels. Example would be Smartflower 
[31]. This could wake up more visitors. 

When new technologies are implemented to Helsinki Zoo, it is very good idea to inform it to visitors 
because in best case this wakes up interests in customers. 
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12. Communication plan 
 

The goal of the communication plan is to deliver to the potential visitors the idea that Helsinki zoo 
on Korkeasaari island is not only a zoo but also an exhibition of the advanced energy technologies 
and solutions; that it is not just a place where exotic animals could be seen but also an example of the 
future 100 % green and environment-friendly facility of the post-carbon era.  

In addition to that, the communication plan is directed for the investors and energy researchers, as a 
platform where the new technologies could be tested. 

Successfully implemented communication plan will diversify and add more to the image of the zoo, 
and increase the number of visitors.  

The tools for implementing the communication plan are the following. 

 

Social media and internet 

The most important thing to do in the communication is to share and to spread information. Social 
media is a certain way to inform about the renewable energy usage and to boost the benefits of it. 
Currently the Helsinki zoo uses the following internet communication channels: 

● Internet page 
● Facebook 
● Instagram 
● Twitter 
● Flickr 
● Youtube 

The potential of these channels is huge, and Korkeasaari has got already huge amount of followers. 
Informative pictures, small videos and texts about renewable energy could be shared through these 
communication channels. 

The use of social media as news source strengthens every year. The trend has been moving to the use 
of real time marketing so called “live video”[1]. Korkeasaari could deliver live videos (Instagram, 
Facebook) to advertise the zoo and tell about renewable energy usage and the green values in the 
Helsinki zoo. Live videos are popular among young people aged 15-25; hence this type of advertising 
would be focused on this age section. 

Furthermore, another trend nowadays is short video ads. [2] Korkeasaari could make the most out of 
Facebook and Instagram to give short videos of renewable energy sources. For example, Neste does 
a big campaign in Instagram presently. Their advert videos could be seen on Instagram and Facebook. 
It is possible to increase the visibility of green values hugely with social media.  

Finally, if Korkeasaari starts to invest on RES it would be a great idea to start a social media campaign 
at the same time. Pictures and videos about renewable energy sources and information how it is going 
to change the CO2 emissions and so on. In Instagram this campaign would be shown as a new 
picture/video every day for one week.  

Social media is a easy way of letting people know about things. A good communication through 
different social media channels requires time and knowledge but it is highly rewarding. Social media 
is getting bigger and bigger every day so by following the trends you can get the best value from it. 
[3] 
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Korkeasaari App 

Korkeasaari App would be a considerable part of communication. The idea is to use it on the phone 
while visiting the the zoo. It could be connected to the map so it follows exactly where a user is. With 
location coordinates or QR codes it would give information about animals in Korkeasaari, as well as 
information about utilized technologies and green values. 

The application is a good choice for the technology oriented visitors who are interested in using new 
devices. The market segment for the app is very wide because presently everybody uses smart phones. 

Mascot - energy saving animals 

Images of animals are easy and natural to utilize as a mascot for the green values. Animals reporting 
about green values wakes up interest and concern about the environment. This could be turned into a 
good image about carbon neutral Korkeasaari. This advertising method is focused more to children 
and young customers. 

Visualization on spot 

Info screens in Korkeasaari is a good option to visualize the sustainable energy production. For 
instance, they can show how much energy the solar panels or wind turbines produce at the moment 
or in general. Subsequently the visitors are aware of that Korkeasaari is concerned about the 
environment. Communication in Korkeasaari area is focused for the ecologically minded people.  

To an average person a kWh might be a little bit odd value. This means that all values should be 
shown with something more informative. For example, electricity production could be shown with 
comparison how many households it would supply. The info screens could be installed next to panels 
to show how many percentages of the total electricity need, the panels next to info screen are 
producing.  

In addition to the info screens, some fakes of the panels or generators or energy storages could be 
installed, that could be touched, adjusted and so on, like in Heureka. Hence, that will add an extra of 
the technical exhibit to the variety of Korkeasaari offers. Some of them could be meant for kids more 
just for fun and for the first introduction to the field; the others could be more elaborate and meant 
for the adults. 

A spot for new energy technologies 

Korkeasaari could develop its image as a place where the latest ideas or designs in generation or in 
storage or in energy savings could be tested and subsequently promoted. Thus, it would not be just a 
zoo but also like a startup sauna for the future technologies. This could wake up interests in different 
investors for example small technology companies.  
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13. Reflection of the Project 

13.1. Reaching objective 
The objective was to find suitable solutions for increasing the renewable energy sources and decrease 
the carbon footprint in the Helsinki Zoo. What we got as a conclusion is that with relatively profitable 
investments the Helsinki Zoo could add RES up to 13% of the whole consumption.  

The conclusion does not sound that promising at first but it is the right way to total carbon neutrality. 
The Korkeasaari is a big island and has a tremendous consumption. With focusing on lowering the 
consumption and starting to utilize RES the carbon neutrality is still possible.  

13.2. Timetable 
The original timetable schedule is shown below. The schedule includes small tasks and also the big 
tasks that continued through the whole project. The tasks in the schedule was well designed but the 
main problem was that many of the tasks was done late. This was mainly because the workloads of 
the tasks were underestimated by each of us and the deadlines were not set right.  

Workloads was very hard to estimate. For example, the data gathering from Korkeasaari and from 
internet took time more than we could estimate. Also the task data gathering continued almost the 
whole project.  

Few tasks that we did not plan were designing and making the final documents and making the 
conclusion. These were very big tasks and took a lot of time from the other parts of the project. With 
better project plan these mistakes would have gone more smoothly. 
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13.3. Risk analysis 
We listed three main risks and those were: 

- One group member quits 

- The planned project changes 

- The project has more demands 

Project did not face any of these risks but we faced a same kind of a risk and it was the scheduling. 
All of the group members had much to do in other courses besides this project so the scheduling of 
this project was not perfect. We managed this risk by doing extra work when we had time. At the 
end, this should have been discussed and realized beforehand. 

13.4. Project Meetings 
Project meetings with instructor were organized pretty rarely. We had about five meetings with 
instructor and that includes visits with Korkeasaari personnel. Besides personal meetings with 
instructor we had email conversations, Whatsapp messaging and phone calls with instructor that 
helped with the project.   

Our own meetings were organised every time in the TUAS lobby. We had meetings about every 
second week and when the deadline was close we communicated more frequently via Whatsapp or 
phone calls.  

The main problem with meetings was that agenda was not always considered completely. This lead 
to the situations that all of the aspects were not considered in the meetings. Good thing was that we 
had memos of the meetings in Google Drive. Memos helped to remember both our own meetings and 
meetings with other participants. Also we had hard times in finding good dates for the meetings 
because of the work and other courses we all had. 

We learned that with more designed agenda for the meetings creates better meetings. If everybody 
had something done before the meeting then we could share our own ideas and problems. By this way 
we could make the best out of every meeting. 

 

13.5. Quality management 
 

We discovered that the quality itself was hard to define in our project, as it was mostly the literature 
overview. so the quality is more how well we explained how we got our results.  

 

14. Discussion and Conclusions 
 

While doing the project, we learned all aspects from this kind of group work for example time 
management, scheduling, dealing with other participants, dealing with big deadlines, group work and 
project management. From the contents, we learned how renewable energy sources could be 
implemented to different areas and what kind of RES are profitable in this situation. 

The difficulties of the project were the following. The required data was hard to collect, and the final 
result was not that good that we had expected. At the current stage of the RES development, it is not 
reasonably possible to cover the electricity consumption of the Helsinki zoo with the renewable 
energy sources. Although, more data would make similar projects more reliable and wider. 


