[bookmark: _Toc429578055]6. KEY ACHIEVEMENTS 
“Almost every house is located close to a bigger street. There are shops on the ground floor or cafes. There are quite a lot of cafes close to here and it is easy to get to the park.” - Male Resident Living in Hammarby
This section reviews the key achievements of the Hammarby Sjöstad project. The key achievements fall in the following areas: soil remediation, urban form, transportation, green buildings, energy, waste management, and water efficiency. Each of these key achievements exemplifies one or more of the 12 Guidelines. 
For each key achievement, we will go over:
1. Goal: The initial goals for these program areas largely originated from Hammarby’s early development plans and environmental goals.
2. Financing: For each area, the investment, responsibilities, payback period, and risk level are defined where possible for all parties involved including the City, investors, and technology providers.
3. Implementation: This sub-section describes the technical development of each key achievement area. 
4. Achievements: The project outcomes are discussed in this section including how they relate to the 12 Green Guidelines. 

The table below summarizes the goals, financial mechanisms, implementation processes, and achievements for each of Hammarby Sjöstad’s key achievements covered in this section. 

Table 1. Overview of Key Achievements 
	Topic
	Goals
	Financing
	Implementation
	Achievements

	Soil remediation
	Areas of contaminated soil will be sanitized prior to development, to such an extent that they no longer represent a risk to either public health or the environment.
	PPP
Financed by the City and the developers.
	The City had full responsibility for sanitizing the land in the area, although developers cooperated to to buy the land at a lower cost. 
	All contaminated soil has been sanitized.

	Urban Form
	100% of all developed land will be recreated within, and adapted to, the district.
	The City owned the land. Developers had to buy their plot of land. 
	The Project Team decided upon the district’s urban form and set up design guidelines for the area. 
	Hammarby is a successful example of infill development. It also employs mixed-use, transit-oriented development, small blocks, and high levels of public space to create a highly sustainable and livable environment. 

	Transportation 
	80% of all commuters will use public transport (bus, ferry boat, or light rail) or cycling or walking.
	The City of Stockholm financed the expansion of the tram line through tax and ticket revenues.
	Transport-oriented development was used to reduce car-dependence. The tram line was fully developed before the residents moved in, so they used public transportation instead of private cars.
	Inquiries among the residents of Hammarby Sjöstad performed in 2007 shows that 79% of all commuters walk, cycle, or use public transport (Pandis & Brandt, 2011).

	Green Buildings
	Materials: healthy, dry, and environmentally sound.
	Financed by developers, some developers faced high operational costs after completion.
	Building directives from the City put pressure on the developers in to use environmental friendly materials.
	The total environmental impact for buildings, building plots and zones
has fallen by ca. 32-39% for air, soil, and water emissions in comparison with standard buildings.

	Energy 
	The total requirement of supplied energy is not to exceed 60 kWh/m2 of which electricity is not to exceed 20 kWh/m2 and the total being the sum of all residential energy consumption that includes energy from solar cells/collectors.
	Financed with a PPP after 2002. 
	1997: Stockholm Energi, owned by the municipality. 2002: Fortum took over. Today the municipality owns 9.9 % of Fortum Heat but still has substantial influence. 
	The goal was not fully achieved, but the resulting 118 kWh/m2 is still better than 150 kWh/m2 as the benchmark for construction at the time.


	Waste Management
	Waste is to be sorted in with material and energy recycling maximized wherever possible. Residual waste will be reduced by 60% as a result. The total amount of generated waste should be reduced by 20%. Waste collection traffic in the area should be reduced.
	The waste vacuum system was financed and built by the developers however the construction process was coordinated by the City government like all the other utilities.
	Property associations maintain the vacuum system.
	90% of the local waste collection traffic has been eliminated thanks to the vacuum waste system. Valuable waste storage space indoors and outside of the buildings has been freed up for other uses (Envac, 2015).

	Water Efficiency
	Water consumption will be reduced by 60% compared with the average consumption in new housing in the inner city area. All storm water needs to be treated locally.
	Connecting newly built properties to the existing water grid was financed by the developers. 

	Stockholm Vatten is responsible for the water and storm water in the area. 

	100% of water is recycled. All storm water is managed locally and is to be purified before release. 60% reduction of water consumption/person. 



[bookmark: _Toc429578056][bookmark: _Toc427675044]6.1 Soil Remediation 
This section will cover soil remediation, which is relevant to 1) Urban Growth Boundary in the 12 Green Guidelines. Soil remediation is key to infill development and relatedly maintaining an urban growth boundary. It is also strategic because infill development is often in places that are closer to city centers or mass transit, providing the businesses with better access to customers and residents better access to transit and amenities. 

6.1.1 Goal
For Hammarby, the goal for soil remediation was very simple. The City of Stockholm wanted any areas of contaminated soil to be sanitized prior to development, to such an extent that they no longer presented a risk to either public health or the environment (Pandis & Brandt, 2011). 

6.1.2 Financing
In the first phase of development, where 1,000 apartments were built, each contractor was offered two options: 1) They could buy the land for their individual plots at a reduced rate in addition to making a contribution towards the cost of the land remediation; 2) They could buy the land at the market rate after it had been cleaned. 

The table below shows the financing model that was used for soil remediation in Hammarby. 

Table 2. Financing Model for Soil Remediation
	
	City Council of Stockholm
	Investor
	Developer
	Technology Provider

	Investment Amount/Type
	The different landowners i.e. the City of Stockholm and Sickla Sjöstad AB paid for the sanitation. Total cost was about 130 million SEK.
 
	Banks offered loans to the developers. 
	If the developer agreed to pay a share for the soil remediation cost to the City, the developer got a reduced price to buy the land after the sanitation was conducted. All developers chose this option rather than waiting to buy the land at market price. 

	The City outsourced the work with land sanitation to private companies by public procurement.
 
Dredging was one of the methods used in order to sanitize the area.

	Responsibilities
	Responsible for sanitation of the land. When the soil is remediated the City sells the land to a developer.
	
	To prepare the land and construct buildings on the land when remediation is finalized.
	

	Expected payback period? (If one) 
	Long-term by increased tax base for the City of Stockholm. 
	
	Two possibilities for payback period: 1) Short-term profit:
When the housing is completed (and a housing association is formalized), condominiums can be sold to private parties; 2) Long term-profit: If a rental housing company buys the land and rent out the apartments.
	

	Risk
	Low. The City of Stockholm is building Hammarby to meet market demand and hence has high confidence in an increased tax base. 
	Low. Any investors only pay a small share of the total sanitation cost in the beginning of the project.
	Low. Depending on what type of sanitation needs to be conducted the amount paid by the developers can vary. The risk to wait for a market price is higher since there is uncertainty over how much more the cost might be. 
	Low. The government directly pays the technology provider upfront. 



6.1.2 Implementation
The City of Stockholm and the Environment & Health Administration completed the monitoring for the soil remediation process, ensuring that the requisite standards were met to avoid harming either the environment or people’s health. The contamination was substantial – for example, in the sub-district of Sickla Udde alone, the excavated earth contained 130 tons of oils and grease, and 180 tons of heavy metals (GlashusEtt, 2007).

6.1.4 Achievements
The goal of remediating the entire area was achieved. All areas of contaminated soil were sanitized prior to development (Pandis & Brandt, 2007).
Table 3. Soil Remediation Achievements in terms of 12 Green Guidelines
	
	Green Guidelines Description 
	Hammarby Achievement

	Urban Growth Boundary
	Every city should establish an enforced UGB. The UGB should be set based upon rigorous analysis of ecological sensitivities, environmental capacity, and the efficiency and productivities of various land uses. The boundary can expand beyond the existing urban footprint only if there are no suitable infill locations Indicated by an intensity of urban land use of at least 10,000 residents per km2
	Soil remediation helped the City of Stockholm achieve its goal of infill development, which was attractive to both residents and developers. While projects involving soil remediation can be costlier upfront, they are also often in areas that are strategically located closer to existing businesses or city centers. This can attract developers and also ensure that the land sells quickly, which helps both the City and developers pay lower interest rates on any loans they took out for the project.  




[bookmark: _Toc429578057]6.2 Urban Form 
This section covers urban form, which is relevant to 1) Urban growth boundary; 2) Transit-oriented Development; 3) Mixed-use; 4) Small Blocks; and 5) Public Green Space. 
6.2.1 Goal
In 1996, the high-level goal for urban form was set by the City of Stockholm. It was formulated as “100% of all developed land is to be recreated within, and adapted to, the district” (Pandis & Brandt, 2011).

6.2.2 Financing
For the financing information in terms of urban form and land development, see the information in Section 5: Financing.

6.2.3 Implementation
The Stockholm City Planning Strategy is to re-use and transform old industrial and other brownfield sites into attractive mixed-use areas with beautiful parks and green public spaces. At a higher level, the City of Stockholm and the regional government intends for Hammarby Sjöstad to be part of a regional urban planning strategy to create a polycentric urban structure as well as a city-planning strategy that helps to densify and build the city inwards. 

The City and the developers created design codes in order to establish a common understanding of the upcoming development. The design code is rather comprehensive and sets out principles under several headings:
· Urban Form
· Architectural Style 
· Building Design
· Public Space

4.5.1 Urban Form
Specifications for Hammarby’s urban form fall under the following three categories: 
· District character: Hammarby should combine traditional inner city (European) built form with modern architectural influences and draw inspiration from Hammarby Sjöstad’s natural environment. Key to this character is a mix of businesses and uses, density, built form (blocks built around inner courtyard or play area), public spaces, and the relationship to the water.
· Layout, form, and structure: This included guidelines for each block, key landmark buildings, public spaces and pedestrian routes. The guidelines are not prescriptive with regards to which materials are to be used or the number of stories, but a descriptive rationale behind the concept for each block or key buildings is set out, which makes clear the principles which should apply, but leaves significant scope for innovation.
· New Urbanism principals: These principles are found in the project’s approach to sustainability. These strategies include minimum impact development, eco-friendly technologies, respecting ecology and the value of natural systems, energy efficiency, minimizing use of nonrenewable fuels, increasing local production, and increasing walking and reducing automobile dependency (Gaffney et al., 2007).
[image: housebythewater][bookmark: _Toc428878724]Figure 1. Housing development by the waterfront. Source: Authors
















4.5.2 Architectural Style
The five following points outline the specifications on architectural style in the design code. 

1. Traditional Stockholm inner-city character: The design follows standards for Stockholm’s inner city in terms of street width (18-24 m or 60 ft), block sizes (70 x 100 m or 230 ft x 328 ft), density, and land-use. The scale of development varies from four to five story buildings along Sickla canal and 6 to 8 story buildings along the main corridors (Gaffney et al., 2007).
2. Sjöstad local distinctiveness: Apartment buildings are larger than existing inner city dwellings. There must also be greater variation between buildings in terms of height and form, greater emphasis on outdoor spaces, balconies and terraces, flat roofs, greater variation of materials.
3. Building form and architectural style: The code states that the architecture should reflect a hierarchy of open spaces which buildings relate to (for example taller, more prominent buildings should be along waterfront and esplanade).
4. Scale, order, and variation: The density guidelines include an emphasis on maintaining quality and variation. As a result, large-scale, multi-functional buildings have been built along the avenue, with small-scale backstreet and courtyard houses built between the dock and Sjöstadsparterren, the park walkway. The environment along the canals, Sickla Udde, and Sickla Kanal is more intimate and small-scale, with natural shorelines, and developments are gradually lower in height towards these shorelines (Gaffney et al., 2007). 
5. Architectural trends: The design code articulates how the modern architecture in Hammarby Sjöstad draws inspiration from early modernist architecture yet also differs from this style. Similarities should include preserving the natural environment where possible and using it as inspiration for development, as well as light, views, access to green space, flat roofs, clean lines, and light colors. The location of stairwells is defined, as are the number of apartments (and apartment sizes) per floor. 
[image: local street][image: openaccess]








[bookmark: _Toc428878725]Figure 2. The design of a typical local street in the neighbourhood (Source: Authors)
[bookmark: _Toc428878726]Figure 3. Open access between street and residential area (Source: Authors)


4.5.3 Buildings and Design 
· Building design principles: This includes façade materials, location of stairwells, window and balcony arrangement, roof type, and specific guidelines for each block or key landmark building.
· Building elements: Guidelines and dimensions for entrances, balconies, windows and roofing, including dimensions, proportions, colors and materials. Guidelines vary for each block and include sketches and drawings with measurements.
· Apartment standards: Layout, daylight, height of rooms, access to outdoor space, sound insulation and accessibility requirements for entrances, balconies, terraces, and outdoor space.
· Standards for additional services:
· Storage: stating a preference for storage within individual apartments and where this is not possible, located within reach of the stairwells and accessible by elevator.
· Laundry: stating a preference for space to be allocated within the bathrooms of apartments for both washing machine and dryer. Alternatively, a laundry room should be provided for each stairwell.
· Garages: specifying height and accessibility for mobility impaired persons.
· The traditional inner-city character and the architecture should be place-specific and respond to its local environment. There is also an emphasis on mixed use rather than separation of uses.
· Building types: Different building types are identified (for example either long, thin blocks of 12 m width or a large “cube” with dimensions of 40 x 40 m). 
· Building color: Guidelines are given for each block and key landmark buildings, including façades and building details (windows, balconies, entrances, roofing). The rationale behind the choice of color palettes is described.
· Detailed architectural and design principles for each plot: Ensures distinctiveness – at this stage, 3D images of each block are provided together with a detailed description of architectural and urban design form, making reference to links to open space and other blocks. Drawings of typical apartment floor plans are provided, as well as sample designs for open spaces and courtyards.

4.5.4 Public Space 
The guidelines in the design code for public spaces were provided through a combination of 3D illustrations, 2D plans, and descriptive text setting out context and rationale. 2D plans and sections were provided to set standards for street and pavement width, cycle lanes, and location of street furniture. In general, the design code had stipulations for the management and design of public spaces, parks and streets, including landscaping, paving, lighting and street furniture. They included the following: 

· Streets: Standards for different types of streets are set-out, including esplanades, tram stops, and local streets. A prescriptive approach to street furniture is addressed. 
· Lighting: A detailed lighting plan is provided, including street lighting, building lighting, and lighting as part of street furniture and public art. 
· Courtyards and open spaces: Reference is made to defining public and private space, the proportion of green space to hard open space (50-50%), choice of planting, play areas, materials for hard areas and lighting standards (Gaffney et al., 2007).

[bookmark: _Toc428878727]Figure 4. Hammarby´s Close Connection with Water Contributes to Living Environment (Source: Authors).
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[image: mail boulevard][image: industrial history][bookmark: _Toc428878728]Figure 5. The main boulevard with light rail, car lanes and bicycle path (Source: Authors).

[bookmark: _Toc428878729]Figure 6. Hammarby´s industrial history remains visible in the area (Source: Authors).







 




6.2.3 Achievements
The district has met its high-level goal: successfully developing in a former large industrial harbor where little initial natural environment existed. 


Figure 7. Land Use in Hammarby (Source: City of Stockholm) 

Table 4. Urban Form Achievements in terms of 12 Green Guidelines
	
	Green Guidelines Description
	Hammarby Achievement

	Urban Growth Boundary
	Every city should establish an enforced UGB. The UGB should be set based upon rigorous analysis of ecological sensitivities, environmental capacity, and the efficiency and productivities of various land uses. The boundary can expand beyond the existing urban footprint only if there are no suitable infill locations Indicated by an intensity of urban land use of at least 10,000 residents per km2
	Hammarby Sjöstad is an excellent example of infill development. Employing smart growth theory, the project focuses on concentrating urban growth in/nearby city centers.  Mixed-use and transit-oriented development (TOD) also help prevent urban sprawl. 


	Mixed-use
	All residential units should be close to at least six kinds of amenities within 500-meter radius of building entrance (amenities include schools, post offices, banks, retails, clinics, activity centers, restaurants, etc.). The job-resident ratio (the number of people employed divided by the number of residents) should be between 0.5 and 0.7 over every commuting district, which should have a spatial area that is no more than 15 km2. Normally, these commuting districts are bounded by physical barriers for pedestrians.
	Hammarby will contain approximately 26,500 residents and 11,000 business places at completion. About 20,000 residents are living in the area today. Amenities in the area include schools, post offices, banks, shops, clinics, activity centers, and restaurants, concentrated along the central boulevard with prioritized public transport, walking, and cycling. The residents can easily reach the services by foot or bike. Grocery stores are for example spread out in the neighborhood in order to provide for different areas of Hammarby.

	Small Blocks
	Blocks should be less than or equal to 2 hectares and 70% of the blocks should comply with this standard. Exceptions made for industrial areas. 
	Small blocks less than 1 ha dominate. Typical block size is 50 x 70 m or 70 x 100 m. Exceptions are industry and schools.

	Public Green Space
	Publicly accessible and usable green space should comprise 20-40% of the construction areas (residential area should be at the higher end of this range). All residences should have accessible public space within 500 meters. 
	100% of the residents live within 500 m of publicly accessible space. The initial goal for the development was to provide 25 m2 of public green space per apartment unit, for a total of 300,000 m2 in the district. So far a total of 280,000 m2 has been completed. The development also has a goal to provide 15 m2 of private courtyard space per apartment unit. Today 40% of the district is composed of green space such as courtyards and recreation grounds (Pandis & Brandt, 2011).




[bookmark: _Toc429578058]6.3 Transportation
This section covers transportation, which includes 6) Non-motorized transit; 7) Public transit; and 8) Car Control from the Green Guidelines. 

6.3.1 Goal
In 1996, the goal for transportation in Hammarby was set by the City of Stockholm. The goal was that 80% of all commuting should be by public transit, cycling, or walking. Also, the City wanted 15% of all vehicle motor transportation to be powered by renewable energy (bio-based or electrical (Pandis & Brandt, 2011). 

Expanding from these original goals, in 2012 the City of Stockholm Traffic Administration published an Urban Mobility Strategy which took capacity, accessibility, attractiveness, and sustainability into account in the Stockholm area. The strategy describes how walking, cycling, and public transit are to be prioritized in Stockholm. This publication is a key tool used to fulfill the goals emphasized in Vision 2030.[footnoteRef:1] According to the Traffic Administration, “We need to promote the development of those means of transport that are most efficient in terms of usage of space and transportation. Increased city density provides a varied urban environment where several points can be reached on foot or by bicycle, as well as the basis for frequent, high-capacity public transport in all of the city’s districts” (Traffic Administration, 2015).  [1:  Vision 2030 is a strategic document showing the general description of Stockholm’s development towards year 2030. (City of Stockholm, 2014)] 


6.3.2 Financing
Hammarby’s light rail in was financed through the Stockholm County Council and the City of Stockholm Transport Administration. This model is similar to a build and operate model where the relevant government administrations uses public procurement to have a technology provider build the projects and also operate them. 
Table 5. Financing Model for Transportation in Hammarby
	
	Stockholm County Council & City of Stockholm Transport Administration  
	Technology Provider

	Investment Amount/Type
	The whole light rail project was financed through the City’s taxes and ticket revenues. In this case, the Stockholm County Council and the City of Stockholm Transport Administration were the main investors. 
	In this case, the technology provider was also the developer and operator. MTR built the subway station, Arriva built the light rail, Keolis-Busslink Arriva and Nobina were responsible for the busses, and 
Ressel Rederi built the ferry. 


	Responsibilities
	To provide and maintain transportation infrastructure for land-based and water-based travel in the city. 
	The responsibility was previously completely public as part of Stockholm's local traffic authority, today the private operators mentioned above are responsible for the construction through public procurement.  

	Expected payback period 
	Long-term
	Long-term  

	Risks
	Low 
	Medium-risk since there is uncertainty on the price for the operation bid in public procurement process. 



6.3.3 Implementation
Transit-oriented development (TOD) was the main strategy behind the transportation plan for Hammarby Sjöstad. Transit-oriented development ensures that the transit capacity of an area is matched to population density in addition to making sure that residential and commercial areas are connected to good transit options. TOD works very well with the other transportation-focused Green Guidelines. Mixed-use means that amenities are accessible within each commuting district. Having car control and non-motorized transit opens up a host of transit options for users, which provide flexibility and decrease traffic. 

Substantial investments in public transit have been made in Hammarby, both in the form of the new light rail and bus system. Public transport has a central route running through Hammarby Sjöstad, with four stops along the avenue that connects one side of the city district to the other. Carefully designed bus routes provide direct access into Stockholm City (GlashusEtt).

In Hammarby, light-rail, ferry, carpooling, biking, and walking are all viable transit options. The next section discusses each of these options in terms of how Hammarby implemented it. 

Light Rail: In order to minimize car use and promote public transit, the light-rail system in Hammarby was built before residents moved in. This means that residents established a habit to use public transit from the day they moved in. The light rail, or “Tvärbanan,” is financed by tax and tickets revenues. The County of Stockholm owns 100% of the public transportation company Storstockholms Lokaltrafik (Stockholm Public Transportation Company).

[image: C:\Users\CC\Downloads\6299440172_a7dd152440_b.jpg]
Figure 8. Light Rail in Hammarby (Source: Design for Health / CC BY-NC 2.0)

The line operates from 5:30am to 1:00am. This orbital line incorporates several features which enhance quality of service including level-boarding at stations, which allows easier access to the trains, and message boards providing real-time arrival information of the next trains. The light rail is responsible for an impressive one-third of all the trips made by residents (Foletta, 2011). 

Ferry: A ferry traffics Hammarby Lake throughout the year, from early in the morning until midnight. There is an additional ferry that operates between Hammarby Sjöstad and Nybroviken in Stockholm City during the summer months. The ferry is free of charge and runs several times per day (GlashusEtt). The total distance that the ferry travels is about 1 km. The ferry has contributed to an increase in the use of bicycles and walking to/from Hammarby Sjöstad. 24% of all travelers use the ferry (Grontmij, 2008). As with the tram line, the ferry is also financed via tax and ticket revenues (pooled from other public transit systems) from the County of Stockholm.
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[bookmark: _Toc428878741]Figure 9. Ferry that runs from Nybroviken to Hammarby Sjöstad during the summer period (Source: Authors)

Carpooling: Residents and those working in the area have access to three carpool stations. Around 910 people have currently joined the carpool, which has a total of 46 cars at its disposal. Electric cars can be recharged outside the GlashusEtt information center building (GlashusEtt, 2015). There are three different car sharing organizations in the area: Sunfleet Carsharing, Bilpoolen, and CityCarClub. According to a survey of residents in 2010, 18% of households have a car sharing membership (ITDP Europe 2010). In 2008, 100 companies located in Hammarby Sjöstad were reported as having a car sharing membership (City of Stockholm Website). 

[bookmark: _Toc428878742]Figure 10. Map showing where the Sunfleet carpools are located in Hammarby Sjöstad (Source: Sunfleet, 2015).
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Biking: There are connected and extensive bike paths in Hammarby. The density goes well beyond the 10km/km2 minimum in the Green Guidelines. The density of the bike paths is about 18.62 km/km2 in Hammarby.[footnoteRef:2]  [2:  This is the density of bike paths excluding the water area of the ferry. ] 


[bookmark: _Toc428878744]Figure 11. Bicycle paths in the area are in red - the bold red line represents the boundaries of Hammarby Sjöstad (Source: City of Stockholm; Layout: Authors)
[image: ]


There is also a bike-sharing program in Hammarby. The bike sharing program in Stockholm, called Stockholm City Bikes, began in 2006 and is operated by Clear Channel Communications. There are currently 85 docking stations citywide, one of which is in Hammarby Sjöstad. At each station, there is space for 9-24 bicycles. Once the program is fully implemented, there will be 2,500 bicycles at 200 locations throughout Stockholm. The bike sharing program operates between April-October. A seasonal card may be purchased online for 200 SEK (21 €) or at a retailer for 250 SEK (26 €) (Foletta, ITDP Europe). 

[bookmark: _Toc428878745]Figure 12. Residents and visitors cycling in Hammarby - the cycle paths are wide and well maintained (Source: Authors)
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In 2012, the Traffic Administration implemented a bicycle plan (Cyckelplan) for the city which focuses on bicycle commuters and developing and enhancing regional bicycle paths (City of Stockholm, 2012). There are good options for bike commuters to reach Hammarby Sjöstad by bicycle from the inner city of Stockholm. 
Pedestrians: As with the bike paths, the walking paths in Hammarby are also dense and connected. 
The density of walking paths in the area is 25.84 km/km², almost three times higher than the Green Guidelines required minimum of 10km/km².	                
[bookmark: _Toc428878747]Figure 13. Walking paths for pedestrians are represented by yellow lines. Source: City of Stockholm. Layout: Authors
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Busses: Bus routes serving the area during daytime are Line 74 and Line 71. At night, Lines 96, Line 2, and Line 55 serve Hammarby Sjöstad (Hammarby Sjöstad, 2015). 
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[bookmark: _Toc428878749]Figure 14. Map showing the bus stations in the area. Source: SL

Bus stations in Hammarby Sjöstad. 
Source: Reseplanerare (2015)




6.3.4 Achievements
[bookmark: _Toc428878738]Surveys from 2007 show that 79% of the all commuters walk, cycle, or use public transport. This is very close to the goal that the City of Stockholm set: 80% of travel should be using a non-car mode (Pandish & Brandt, 2011).

Figure 15. Mode of travel to work for Hammarby Sjöstad residents (Source: Foletta, 2011)
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There was no information available about the second transportation goal set in 2011 that 15% of all vehicles should use renewable energy (bio-based or electrical). On another front, the automated vacuum waste collection system implemented in the district has reduced the need for waste collection trucks (Pandis & Brandt, 2011).

Table 6. Transportation Achievements in terms of Green Guidelines
	
	Green Guidelines Description
	Hammarby Achievement

	Transit-oriented Development
	Cities should be built around their public transit systems. The area within 500-800 meters of major transit stations, such as the metro or bus rapid transit (BRT), or within 500 meters of nearest bus or transit stops (in case BRT or Metro is not avail- able) should have FAR at least 50% higher than the average of the district. For big cities, at least 70% of residents should live in TOD areas characterized by convenient mass transit service. Great accessibility (pleasant walking amenities to transit system within a 500-meter radius) must also be offered. 
	One of the key components of the project. FAR is higher close to public transit stations and public transit stations are located centrally in commercial and business districts. The FAR ranges from 1.2 to 2.3 as a whole. 

	Non-motorized Transit
	There should be dedicated and connected walking paths of at least 10 km in length per square kilometer, and dedicated and connected biking paths of least 10 km in length per square kilometer in urban areas. 
	The density of walking paths is about 25.8 km/km²; the density of biking paths is about 10.5 km/km2. Bicycle paths run along the main transportation corridors as well as waterfronts and through majority residential areas. Bicycle and walking paths are also connected with traffic separated bridges and to the citywide bicycle and walking network. 

	Public Transit
	All new developments must be within a 500-meter radius of a bus or rapid transit station. For the city as a whole, at least 90% of developments should be within 800-meter radius of a public transit station. 
	Every residence is within 300 m of a light rail station. There are also a number of public transit options: light rail, bike-share, ferry, carpool, and busses. 

	Car Control
	Every city should have a strategy to cap car use. Where high-quality transit exists, there should be limits on parking. 
	Car ownership is low – there are about 210 cars per 1,000 residents. At first, the parking standard was set to 0.7 cars per household. This is lower than the average parking standard in Stockholm. In practice, the parking standard is 0.55 parking spaces per household. On ground public parking is regulated and minimized to parking along streets. All other parking is built underground. 



[bookmark: _Toc429578059]6.4 Green Buildings 
This section covers 9) Green Buildings from the 12 Green Guidelines.  
6.4.1 Goal
There were no direct green building goals set up from the City of Stockholm when the environmental goals were formulated. However, the City of Stockholm stated that “The choice of building materials should be healthy, dry, and environmentally friendly.”

The Sweden Green Building Council’s rating system is used in Sweden to determine a building’s performance. Miljöbyggnad (Environmental Building) is the name of a Swedish environmental certification system for both newly constructed buildings and existing buildings. The system is based on Swedish construction rules, government regulations, and Swedish building practices. Certifications are divided into three levels of classification; Bronze, Silver and Gold (SGBC, 2015). Based on the applicable building standard for the zone of Stockholm, the electricity requirement is: a maximum of 100 kWh/m² for bronze, 75 kWh/m² for silver, and 65 kWh/m² for gold.

6.4.2 Financing and Implementation
Building directives from the City of Stockholm and the Hammarby planning process put pressure on the developers to use environmental friendly materials. The developers avoided using certain metals and plastics inside buildings in order to meet the City’s goals. 

There were no special financing models for the green buildings in Hammarby; developers financed their own projects with the expectation of getting a good return once residents or property management associations bought the buildings. 

Energy Smart Buildings in Hammarby Sjöstad
This section will cover three types of green buildings in Hammarby: 1) The winners of the “Best Building” award; 2) A self-heating building; and 3) GlasHusEtt, a green building that also provides the public with information about Hammarby’s sustainability initiatives. 

In 2000, there was a competition for “Best Building,” with the assessment criteria of reduced environmental load, good residential quality, and low lifecycle cost. All of the awarded buildings show more than one element of smart infrastructure (Svane, 2013).

Holmen, winner of the first prize and developed by contractor NCC as a housing cooperative, has photovoltaics covering the front facade. Smart infrastructure elements also allow for heat retrieval from the sewage water and the exhaust air, and ventilation is controlled by each flat individually (Svane, 2013).

[image: ]
[bookmark: _Toc428878772]Figure 16.“Holmen” is dominated by the big facades, some featuring  solar panels. Source: Solcell.nu

The second prize winner, Kobben, was developed by SBC Bo and is also a housing cooperative. It integrates solar panels as well as fuel cells, heliostats, and holographic materials in railings. Instead of radiators, it has an efficient underfloor heating and ventilation system. Except for the ventilation, all the components are integrated into the ordinary energy system through a building management system connected through the internet (Svane, 2013).

Self-heating Building: WSP Sweden AB (a consulting firm), White Architects (an architectural firm), and ByggVesta (a building company) created a concept called Egenvärmehus (Self-heating Building). This won first place in the Sustainable Stockholm Award in 2006. The building uses heat recovery and environmentally friendly materials. There are also mechanical ventilation systems for supply and exhaust air in combination with a well-insulated climate shell (Boverket, 2009). 

The well-insulated and leak-proof climate shell enables the heat from residents and appliances to become the main source of energy for heating. Additionally, the ventilation system has heat retrieval, and the system is connected to Stockholm’s district heating for backup and hot water provision. Integration and control of these sources with ICT automation makes this building a model for smart infrastructure (Svane, 2013).

GlasHusEtt: Hammarby Sjöstad has its own environmental information center, GlashusEtt. The building is owned by Stockholm Water, which in turn is owned by the City of Stockholm. The center facilitates communications on environmental considerations to residents and showcases Hammarby’s innovations to international visitors (The City of Stockholm, 2015).
[bookmark: _Toc428878776]Figure 17. GlashusEtt is found in the Neighbourhood of Sikkla Udde (Source: GlashusEtt, 2015).
[image: ]

The purpose of building GlashusEtt was to make infrastructure and environmental friendly techniques visible for the general public. In the house there are solar cells for power generation. These have also been combined with hydrogen fuel cells to store energy. Although the house stores energy, it is also connected to the electricity grid for both incoming and outgoing electricity. The energy in GlashusEtt has been evaluated more carefully than other solar energy system in the area, with funding from the Swedish Energy Agency (Bengtsson & Al Sayegh, 2012).

There are a number of green design features for GlasHusEtt that makes it an excellent example of a green building: 
· The center was designed to consume only 50% of the energy used by conventional glass buildings.
· The double-glazed facades reduce the need for artificial lightning as well as the energy requirements for heating, cooling, and ventilation.
· Smart-house technology adjusts the building’s lighting, ventilation, and heating in line with current levels of activity.
· The roof is planted with sedum, which serves as an equalisation basin in conjunction with heavy rainfall. The roof is also the location of a solar panel installation, a weather station, and a tank holding hydrogen for the fuel cell.
· The majority of the building’s technical installations, heat pumps, control systems and, originally, the first commercial fuel cell, are located on the upper floor.
· The basement level contains a sewage pump station, a vacuum waste collection system, and an electricity substation.

[image: ]
[bookmark: _Toc428878778]Figure 18. At GlashusEtt, Xi Jinping, then Vice President of China, with delegation and TV team, 2010 (Source: GlashusEtt, 2012)


6.4.3 Achievements
Environmentally, the buildings in Hammarby did not achieve the goal of 60 kWh/m2 but overall consumption is still lower than the average in Stockholm. Energy consumption in buildings in Hammarby is on average 118 kWh/m² versus an average of 150 kWh/m2 in Stockholm at the time of construction.  

Economically, the buildings in Hammarby are doing quite well. The figure below compares Hammarby Sjöstad to Liljeholmen,[footnoteRef:3] a recently developed neighborhood west of Hammarby and at the same distance from the city center of Stockholm. The purchase price for apartments and the management fees are higher in Hammarby Sjöstad compared to Liljeholmen.  [3:  Hammarby Sjöstad and Liljeholmen are two areas that both are well connected to the public transportation network.] 


[bookmark: _Toc428878774]Figure 19. Purchase price per square meter in Hammarby (Source: Sweco, 2015)

[bookmark: _Toc428878775]Figure 20. Management fee per month for condominiums. Source: Sweco, 2015


Moreover, Hammarby was attractive to developers. For this report, we interviewed Fredrik André (2015), project manager from Skanska. Skanska is one of Sweden´s largest construction companies and has several buildings in Hammarby Sjöstad. Skanska invests and develops real estate in the commercial and residential area. 

According to André, there are a number of benefits in investing in eco-buildings. André says, “The key drivers for us to invest in green projects are: customer reputation, added economic value, and welfare for society. We have identified an increased demand for environmental friendly housing. There is a clear trend in the market and it is a part of our strategy to be number one in developing green properties. From a combination of increased demand and the maturity of ecofriendly technology, we can also see benefits in investing in environmental friendly properties. We are also happy to lead the market and drive our competitors for a better world.”

Table 7. Green Buildings Achievements in terms of Green Guidelines
	
	Green Guidelines Description
	Hammarby Achievement

	Green Buildings
	At least 70% of buildings should be MOHURD One-Star, 20-40% of buildings should be MOHURD Two-Star, and 5-15% of buildings should be MOHURD Three-Star within any development.
	Buildings in Hammarby Sjöstad are classified according to Miljöbyggnad (Environmental Building), Green Building, LEED and BREEAM. Energy consumption in Hammarby is in average 118 kwh/m².






[bookmark: _Toc429578060]6.5 Energy 
This section covers 10) Renewable and District Energy from the Green Guidelines. 
6.5.1 Goals
In 1996, the goals for energy efficiency and energy supply were set by the City of Stockholm:
· The total requirement of supplied energy is not to exceed 60 kWh/m² of which electricity is not to exceed 20 kWh/m² and the total being the sum of all residential energy consumption that includes energy from solar cells/collectors.
· 80% of the extractable energy from waste, and waste water, is to be utilized. However, first priority will be given to recycling and re-using materials, and to reclaiming the energy expended within the housing units themselves (Pandis & Brandt, 2011).

6.5.2 Financing 
Model 1 describes how the energy infrastructure in Hammarby Sjöstad is financed. The infrastructure supplier, which in this case is the municipality, owns the technology and the installation and operation costs are financed by connection fees.

Table 8. Financing Model for District Energy System
	
	City of Stockholm
	Investor
	Developer
	Technology Provider

	Investment Amount/Type
	In 1994: Tax-based
In 1998:
Private-public-partnership (PPP)
	In 1998: Birka Energy and the City owned it together through a PPP
	Connection fee (approximately): 197,000 SEK/property.

	In 2002: Fortum and the City, PPP.

	Responsibilities
	Provide heating and cooling
	Provide heating and cooling
	Developers are responsible for paying the connection fee in order to connect to the City’s energy grid.
	Operation and maintenance. 

	Risks
	Low. The private and public sector takes an equal share of risk.
	Low. Due to the PPP, the private and public sector takes an equal share of risk. The need for energy in the city, as it expands, will increase. The established system for district heating and cooling will not change. The demand will be predictable so investment can be long-term.
	Low. 
	Low. Shared risks due to the PPP.





During the planning of Hammarby Sjöstad, the district heating company in Stockholm, Stockholm Energy, was entirely owned by Stockholm municipality. In 1998, a new company, Birka Energy, was founded through a merging of Stockholm Energy and Gullspångs Kraft, which was owned by the Finnish energy group Fortum. In 2002, Stockholm municipality sold most of its share of Birka Energy to Fortum. In 2013, the owners agreed on a new shareholder’s agreement, and as of January 1, 2016, the Company is  a pure 50/50 company. Fortum Heat will also be self-financed from this point on. 

[bookmark: _Toc428878767]Figure 21. Timeline of Ownership for District Heating System 
[image: ]

According to data received from Fortum, the connection fee for electricity per property is approximately 197,000 SEK. Prices do vary depending on the distance between the property and the existing grid (Fortum).

6.5.3 Implementation
The energy supply to Hammarby Sjöstad is mainly based on connecting to the existing energy supply systems in Stockholm, i.e. district heating, district cooling, and connection to the electric grids. However, some local energy sources are used to complement this, namely solar heating and photovoltaic cells. 900 apartments also use biogas stoves; the biogas is produced at the wastewater treatment plant. The biogas is partly used as vehicle fuel as well (see Section 6.4.3 for more information on biogas). 

At the time of the planning of Hammarby Sjöstad, the existing district heating system in Stockholm was quite advanced, particularly regarding reliability, efficiency, and environmental performance. The existing interconnections between district heating, wastewater treatment, and solid waste treatment were highlighted as the “Hammarby Model.” The closed loops of energy flows and material flows between the City and the technical systems form a resource efficient system which minimizes negative environmental impacts.

[image: ]
[bookmark: _Toc428878765]Figure 22. Energy loop in Hammarby Sjöstad. Source: City of Stockholm, 2006. Modified by Authors’

Some of the heat in the district heating system is produced by heat pumps which use the heat in the treated sewer water from the neighboring wastewater treatment plant.. Additional heat is produced in a Combined Heat and Power Plant (CHPP) and bio-oil boilers. Cooling is produced by the same pumps. 

The heat plant Hammarby Verket, is the largest plant in the world that uses heat from treated sewage water. The sewer water originates from Hammarby Sjöstad and other parts of Stockholm The facility contains seven heat pumps, two bio-oil boilers, and two electric boilers. The electric boilers are used for peak loads. The annual heat production from the heat pumps is about 1,000 GWh.[footnoteRef:4] This is more than is needed within Hammarby Sjöstad so the leftover heat is distributed to southern parts of Stockholm as well. [4:  Environmental report 2012, Fortum] 


Since the 1990s, the fuel mix in the district heating system has changed several times. The production capacity in the waste incineration plant has been expanded from 90 MW in the 1990s to 276 MW in 2005.

Another change was the new connection between the south and the central district heating system in 2008. The interconnection allows a more efficient use of the heat production plants. However, the interconnection has decreased the environmental performance of Hammarby Sjöstad since the central system uses a greater portion of fossil fuel in the production mix compared to the south system which only Hammarby Sjöstad was connected to before 2008. However, the share of fossil fuels in the fuel mix has been reduced in Fortum’s system, from 21% in year 2010 to 11% in 2014.[footnoteRef:5]  [5:  Environmental report 2014, Fortum] 


In Hammarby, there are also solar water heaters on the roofs of buildings. The heat from the sun is sufficient to meet all the demand for hot tap water. 

There are also examples of photovoltaic systems integrated in building design. In Sweden, the energy from a single solar cell module covering one square meter provides around 100 kWh per year, which is equivalent to the energy used by three m2 of housing space. Solar panels on residential buildings often provide sufficient energy to meet half of their annual hot water requirements.

[image: ]
[bookmark: _Toc428878770]Figure 24. Use of solar cells on facades. Source: Stockholm City

Solar cells have been installed on both roofs and facades of buildings. Rooftop solar cells cover an area of 118 m2. The equivalent installed surface of the facade is 109 m2. The roof has an angle of 16 degrees. In Hammarby, there are 304 modules with solar cells. The cost for ceiling installation is estimated at € 6.7/W all inclusive. Synergy is achieved when parts of the installation replaces conventional solar shading.

6.5.4 Achievements
[image: ]Hammarby Sjöstad has not achieved the energy targets which were set out in its initial plan. According to a 2009 report from KTH, energy use exceeds the target levels in all the buildings. The average use was between 142-165 kWh/m2/year. The building with the lowest consumption used 95 kWh/m2/year, more than 50% higher than the target levels. The least efficient building consumed almost four times more energy than was initially planned.[footnoteRef:6]  [6:  Pandis, S., Brandt, N., (2009). utvärdering av Hammarby Sjöstads miljöprofilering – vilka erfarenheter ska tas med till nya stadsutvecklingsprojekt i Stockholm, Avdelningen för industriell ekologi KTH, ISSN: 1402-7615.] 


A study from year 2013 found that energy demand was 118 kWh/m2  on average.[footnoteRef:7] A citizens’ initiative, HS2020, has been founded with the goal to reach an energy performance below 100 kWh/m2  through system optimization and improved energy management.  [7:  Under 100 – att lyckas med energi i Hammarby Sjöstad. Energiprojektet inom HS2020. Förstudie finansierad av BeBo, september 2013.] 
Figure 25. Energy demand Hammarby Sjöstad.




In a revaluation of the environmental targets in 2004-2005, the energy targets were adjusted to 100 kWh/m2/year. Even though this adjustment was implemented, most buildings monitored still used higher energy rates than expected. In the report Under 100 (2013), the result indicates that 86 percent of the buildings use more energy than 100 kWh/m2/year (HS2020).

As for Hammarby’s goal to use energy from waste, according to Pandis & Brandt (2011), 95% of the residual waste from Hammarby Sjöstad was combusted at the Högdalen Combined Heat and Power Plant, utilizing 90–100% of the energy content of the waste. This exceeds the initial goal of 80% of extractable energy from waste and waste water is to be utilized. 

Table 9. Energy Achievements in terms of Green Guidelines
	
	Green Guidelines Description
	Hammarby Achievement

	Renewable and District Energy
	Every project should analyze the potential for district energy, such as combined heat and power (CHP), waste to energy, and waste heat re-use. There should be 5-15% local renewable energy generation for residential areas and 2-5% for commercial areas. 
	Almost 100% of the buildings in Hammarby Sjöstad are heated by district heating. The base production is from the waste incineration in the Combined Heat and Power Plant and the heat pumps in the Waste Water Treatment Plant (WWTP). Excess heat from WWTP is reused in district heating and cooling system for the city. However, about one third of the waste fraction which is incinerated is of fossil origin. Hence, approximately 80% of the total energy use in Hammarby Sjöstad is renewable.




[bookmark: _Toc429578061]6.6 Waste Management 
The waste management system in Hammarby is unique and a central part of their eco-cycle program – this section covers 11) Waste Management from the 12 Green Guidelines. 
6.6.1 Goals
In 1996, the goals for waste management and recycling were set by the City of Stockholm: 
· The total amount of recyclable and waste material, both of which are the responsibility of municipal authorities and various commercial interests, is to be reduced by 20% in weight (compared to similar developments at that time); 
· The total amount of material delivered to the landfill, the remaining fraction after recycling and energy recovery, is to have been reduced by 60% in weight (compared to similar developments at that time); 
· The source-sorting of waste is to be extended in accordance with regulations applying to producer responsibility, and should at least include the following categories: organic material, textiles, environmentally harmful waste, and hazardous waste (Pandish & Brandt, 2011).

6.6.2 Financing
The way that the stationary vacuum system was constructed in Hammarby is unique. In Hammarby, the City of Stockholm did not invest in the vacuum waste system. In most cases, municipalities build the vacuum system and finance it with two types of fees: 1) Connection fees paid by developers; 2) Regular fees from the individuals or companies living in or operating the buildings. Instead, in Hammarby, the vacuum waste system was financed and built by the developers. 

Currently, the vacuum system in Hammarby is owned and serviced by a local property organization. There is discussion that this is not the ideal ownership model for the vacuum system. There is an ongoing discussion in the City Hall regarding whether it should be taken over by the municipality which is considered to be the preferred solution in the long term. The operation and maintenance of the vacuum waste system in Hammarby is outsourced to the supplier of the system, a company called Envac, through mid- and long-term contracts. 

Table 10. Financing Model for Vacuum System
	
	City of Stockholm
	Developer/Operator
	Technology Provider

	Investment Amount/Type
	Did not invest in the vacuum waste system, but did invest in other aspects of the waste collection system.
	Private Investment through construction companies.
	Local property organizations contract the operation and maintenance 

	Responsibilities
	Coordinated the construction process of the vacuum waste system, collecting household waste, treatment of the waste, providing recycling centers and the mobile collection station for bulky waste, electronic waste and hazardous waste administration, and providing information on waste management in Stockholm.
	Financed and built by the developers through a joint-property association. The construction process was coordinated by the City of Stockholm. The operation and maintenance of the vacuum waste system is outsourced to the property owners to the supplier of the system, Envac.  
	Collecting of waste by entrepreneurs publicly procured by Stockholm Water.

	Expected Payback Period 
	There is no estimated payback time but the City of Stockholm has a reduced 50% (of unit cost) tariff for properties connected to the stationary waste vacuum system which balances the local operational and maintenance costs.
	
	

	Risks
	Low. Private investors bore the main cost while the City paid for the supporting aspects. 
	Low. The guarantees on the tariffs by the City meant the developers had a strong incentive to minimize costs but still make the system as efficient as possible since they still pay for tariffs per unit of waste incinerated. The vacuum system in Hammarby is still owned and serviced by different local property organizations, and this ownership model is currently under question. 
	



The stationary vacuum suction system that is implemented in one part of Hammarby Sjöstad (Hammarby Gård, some 2,100 apartments) had a total investment cost of 44.2 million SEK (about 4.7 million Euros). The property owners in Hammarby Sjöstad own the facility through a joint-property association. The City of Stockholm compensates the joint-property association by charging a greatly reduced rate. The company Envac is commissioned by the joint-property associations for the operation and maintenance of the facilities (Envac, 2005).

The figure below shows the difference between the total cost of manually handling waste and sewage versus the cost of stationary vacuum suction system. Even though the initial cost of the stationary vacuum system is higher, the costs saved on operation and maintenance show that the higher initial investment can be paid back (2,561,342 SEK per year in saved operation and maintenance costs) in about 6.5 years.  

[bookmark: _Toc428878763]Figure 26. Calculation comparison. Source: Sweco Viak AB, 2005.
[image: ]

6.6.3 Implementation
This section will first cover the three main ways that waste is treated and then go into the two types of vacuum systems in Hammarby: a stationary vacuum system and a mobile vacuum system.

Waste Treatment Flows 
There are three main categories of waste treatment used for all generated waste types in Hammarby: 
1.  Waste used as fuel in incineration processes to recover energy; 
2.  Waste recycled into new materials and products; 
3.  Waste processed through biological treatment. 

Waste-to-Energy: The residual waste from Hammarby Sjöstad (and other households in Stockholm municipality), i.e. waste that cannot be recycled is used as fuel and turned into energy through an incineration process. The waste incineration plant is located in Högdalen, 5 km from Hammarby, and it uses household waste as fuel to produce electricity and hot water for district heating.. The Högdalen incineration plant is owned by Fortum Heat, a private company. 

Waste for the incineration plant should ideally consist of dry combustible materials. The majority of non-combustibles like metal and glass should be sorted (preferably at the source). Well-sorted waste not only improves the efficiency of incineration but also reduces the level of emissions from the plant. Waste incinerator plants in Europe have to comply with the EU directive on industrial emissions; the emission standards are strict and monitoring and reporting is carried out continuously. 









Figure 27. The loop for waste handling in Hammarby (Source: City of Stockholm, 2006, Modified by Authors)
[image: ]

[bookmark: _Toc428878756]Figure 28. A simplified layout example of an incineration plant. This image does not include heat output. Source: Sweco, 2015.[footnoteRef:8] [8:  Parts in figure: 1. Bunker; 2. Waste crane; 3. Hopper/feed chute; 4. Feeder ram; 5. Grate; 6. Bottom ash discharger; 7. Furnace; 8. Post-burning chamber; 9. Radiation; 10. Convention and overheating; 11. Economizer; 12. Condenser; 13. Turbine; 14. Generator; 15. Electrical Output; 16. Cooling tower; 17. Reactor for acid gas absorption; 18. Bag House Filter; 19. Residue Re-circulation; 23. Flue Gas Fan; 24. Stack; 26. Boiler Ash Conveyance System; 27. Flue Gas Cleaning Residue Transportation System; 28. Ash/Residue Silo; 29. Ash/Residue Discharge. ] 


[image: Skärmurklipp]

Material recycling: All dry, sorted waste types not going to waste-to-energy or a biological treatment process are recycled as materials. In Sweden producer organizations are responsible for treatment of recyclable waste from households. Typical waste types that are collected for recycling in Hammarby include paper, plastic, metal packaging, glass, electronic waste, and textiles. 

Biological treatment: Food waste is collected as a separate waste stream in Hammarby and converted to biogas in an anaerobic digestion process located off-site. The residue from this process can be used as fertilizer for farms or soil remediation for parks. The biogas can also be upgraded to bio-methane and then used as vehicle fuel for taxis and busses (Törnblom, 2015).

Vacuum Systems
In Hammarby, there are two types of vacuum waste collection systems installed: 1) A stationary vacuum system; and 2) A mobile vacuum system. Both of these systems are described with more detail below. 

Stationary Vacuum System: The stationary vacuum systems handles waste and recyclable materials in separate streams through a pipe system. 

[image: Karta stationärt HS]
[bookmark: _Toc428878758]Figure 29. Map of Underground Stationary Vacuum System. Source: Envac.

Replacing traditional refuse with underground vacuum technology reduces space needed for waste management in buildings and on streets and eliminates some of the problems associated with waste management, such as heavy vehicle movements in residential areas, unpleasant odors, and unsightly waste bins. The underground system also improves worker health by exposing them to fewer toxins (Envac, 2015).

[image: ]
[bookmark: _Toc428878757]Figure 30. The stationary vacuum system in Hammarby Sjöstad. Source: Envac.

The above graphic shows how the stationary vacuum systems work. 

· First, users throw their waste into readily accessible inlets, which are either indoor or outdoor. Here, the bags of waste are stored temporarily underground on top of a storage valve. 
· Second, emptying occurs. Sensors detect when the inlets are full and they are then emptied at regular intervals. Emptying of the system is either automatic or manually controlled through the internet. When the control system senses that it is time to empty the inlets, the fan system creates a vacuum in the pipe network. A supply air valve opens to allow the pipe system to transport waste from the inlets to a waste collection station. The storage valves beneath the inlets are then opened one by one. The waste bags fall down into the underground network and are sucked away to the waste collection station at speeds of up to 70 kph and over distances as far as 3 km from the waste inlets.
· Third, the waste arrives at a collection station. Waste at the collection station passes through a cyclone, where it is separated from the transport air. It then falls down into a compacting chamber where it is compressed and fed into a sealed container. The transport air is released via an air exhaust pipe after passing through a series of cleaning filters and silencers. The collection station is located on the outskirts of the development close to a transport route accessible for large vehicles (Envac, 2015).

Mobile Vacuum System: The mobile vacuum system was developed in the late 1980's, primarily for small and medium-sized areas. 


[image: ]
[bookmark: _Toc428878759]Figure 31. Mobile vacuum system in Hammarby Sjöstad. Source: City of Stockholm

Users throw their waste bags into readily accessible waste inlets located either indoors or outdoors. The waste is then stored in closed underground screw tanks, which are linked together in a network of underground pipes with docking points. Most of these docking points were located in areas where waste pick-up would cause the least  disruption, avoiding gardens, narrow streets, and densely populated areas. However, some docking point locations still caused problems in Hammarby.  

[bookmark: _Toc428878760]Figure 32. Waste Truck Emptying the Waste Storage (Source: Authors)
[image: mobilt sopsug]
The underground tanks are emptied regularly depending on the amount of waste discarded and the storage capacity of the tanks. The vacuum truck, which empties the tanks via the docking points, creates a vacuum effect in the pipe system. Once this vacuum has reached a certain level the waste is sucked seamlessly out of the screw tanks, through the pipe system and into the vacuum truck, where it is compressed.

When the tanks are emptied the amount of waste collected per tank is recorded by measuring the weight in the vehicle. This information can then be used to invoice individual property owners or companies for the exact amount of waste they produce (Envac, 2015).

[image: Karta mobilt HS]
[bookmark: _Toc428878761][bookmark: _Toc427675048]Figure 33. Map over mobile vacuum system in Hammarby Sjöstad. Source: Envac

6.6.4 Achievements
Household waste in Hammarby is sorted at the source with material and energy recycling wherever possible. The figure below shows the breakdown of waste management in Hammarby by treatment type.


Figure 34. Breakdown of Waste Processing in Hammarby

For the City of Stockholm as a whole (which includes Hammarby), 95% of all residual waste (the fraction remaining after reuse, material recycling and conversion to biogas) was combusted. 

Beyond achieving these sustainability metrics, the waste vacuum system also allows Hammarby to enjoy a number of other advantages. 

Table 11. Advantages of Vacuum Waste System Over Traditional System 
	Technical Advantages
	· Inlet design is flexible: The inlets can be customized to suit an individual development or streetscape and placed indoors on each floor, in the doorway, at the street level, or outside of buildings. They can be wall-mounted or freestanding, both indoor and outdoor. 
· Easy to upgrade or retrofit: The vacuum waste technology can be adapted to suit each individual project depending on the development’s design and requirements. Extending the system to adjacent properties, areas or entire districts is technically straightforward as new pipework can be added on to the existing underground infrastructure. This system can be installed into large-scale new commercial and residential developments as well as retrofitted into existing buildings and developments. 

	Economic Advantages
	· No need for collection vehicles: The vacuum system reduces need to manually empty bins so waste collection vehicles are no longer necessary to make frequent visits to residential areas, creating a cleaner and safer environment for residents. Resources traditionally associated with manually emptying bins can be reallocated and waste collection cycles can be made more regularly and at a lower cost. The developers also benefit from the vacuum system in the reduced need for investing in road access, road width, and turning point radiuses.
· No need for land for waste storage: The vacuum waste system requires much less ground space for intermediate waste storage. The areas that would be used for waste storage can be used for other purposes such as green space, additional storage space, or for commercial units on the ground floor level. When this extra space is taken into account, the vacuum waste system is economically beneficial to most multi-family residential developments in Sweden. 
· Overall lower operation and maintenance costs: The initial cost of the investment is offset by space savings and lower operation and maintenance costs (Envac, 2015). The vacuum waste technology is a long-term investment with significant financial and environmental advantages.

	Environmental Advantages
	· Lower emissions: Fewer vehicles operating reduces local pollutants and greenhouse gas emissions.
· Facilitates recycling:  The streamlined system makes recycling easier for residents and recycling companies.

	Social Advantages
	· Inlet placement can build community: The versatility of the vacuum waste system allows a greater flexibility with regard to the location of the waste disposal inlets since they do not have to have access to a street for truck collection. The inlet points can therefore be designed and located from a convenience and “sociability” perspective. They create natural meeting points for the residents and their central positioning allow for neighborhood behavioral watch. Hence, discipline is good and waste segregation is high.
· Improved hygiene: Hygiene is improved for people in the area and for waste collection operative staff, who are not as exposed to the waste. The system is hermetically sealed and the waste does not attract pests or insects or release unpleasant odors.



However, the waste system is not perfect and Hammarby encountered a number of challenges in the process: 
· After the vacuum waste system was completed, the City felt that a better ownership model would be for the city to have financed and built the system and then had the developers pay a connection fee, like the other utilities in Stockholm. 
· The mobile system used for the first phase of the project has been less efficient than the stationary systems. The environmental benefits are greater with the stationary system and the operation and maintenance costs are also lower. 
· For maintenance, property associations are in charge but they are not always the best equipped to handle the system. Many property owners are in favor of the City having responsibility for the vacuum system. 

Table 12. Waste Management Achievements in terms of Green Guidelines
	
	Green Guidelines Description
	Hammarby Achievement

	Waste Management
	All buildings should have waste classification facilities. All household waste must be sorted and collection of hazardous waste must be prioritized. At least 30-50% of waste should be composted and 35-50% recycled or re-used. 

	Household waste sorted at source in practical systems, with material and energy recycling maximized wherever possible. Waste use: 0.7% landfill, 1% hazardous waste, 33% material recycling, 16% biological treatment, and 50% energy recovery.





[bookmark: _Toc427682692][bookmark: _Toc429578062]6.7 Water Efficiency
This section covers 12) Water Efficiency from the 12 Green Guidelines. 
6.7.1 Goals 
In 1996, the goals for water efficiency were set by the City of Stockholm: 
· Water consumption is to be reduced by 60% compared with the average supply to new housing in the inner city area;
· All storm water is to be treated locally;
· The nitrogen content of purified wastewater from the Hammarby Sjöstad area is not to exceed 6 mg/l, and the phosphorus content 0.15 mg/l (Pandis & Brandt, 2011).

6.7.2 Financing and Implementation
The financing section covers Model 1, which is how the water infrastructure in Hammarby Sjöstad is financed. The infrastructure supplier, which in this case is the municipality, owns the technology, and the installation and operation costs are financed by connection fees. Stockholm Water is responsible for providing drinking water to the residents as well as taking care of all storm water in the area.

Table 13. Financing Model for Water Efficiency
	
	City of Stockholm
	Developer
	Technology Provider

	Investment Amount/Type
	Taxed-based investment
	Developers pay a connection fee to connect to the City’s water network:
452,800 SEK/property 

	Part of the municipality, the public company 
Stockholm Water is the provider of the infrastructure. 

	Responsibilities
	Insure that all properties are serviced with clean water. 
	Responsible for connecting properties to the water infrastructure system before residents move in. 
	Builds, operates, and maintains the system. 

	Expected payback period? (If one) 
	N/A
	N/A
	N/A

	Risks
	Low
	Low 
	Low 




When a property owner needs to connect to both water and sewage utilities, they pay the following connection fees (all of the estimates exclude value-added tax). These fees are what finance the installation and operation of the water supply system. 
1. A fee for forward routing service lines to the connection points. This is about 32,400 SEK per property; 
2. A flat connection point fee of 13,900 SEK; 
3. A unit fee for the plot at 13.90 SEK/m2, but this must be 13,900 SEK at minimum (i.e. even properties smaller than 1000 m2 must pay 13,900 SEK). This fee may not exceed the sum of the charges of 1, 2 and 4.
4. A flat fee of 18,500 SEK excl. VAT for the first dwelling, then 6,500 SEK per each additional apartment. For spaces used for purposes other than dwelling each 150 m2 of floor space counts as an apartment. 
5. There is a one-time fee if for some reason the cost of connection significantly deviates from the standard cost. This is usually only for properties in very particular locations.  
6. An approximate price for connecting a property to the storm water network is 20,000 SEK.

An example for connecting a property of 5,000 square meters (that consists of 50 apartments) to the water and storm water network would cost about 472,800 SEK. 

Table 14. Sample Fee Calculation for Water and Storm Water Connection
	Fee Type
	Cost (SEK)

	Fee for the routing of service lines to the connection points
	32,400 

	Flat connection point fee
	13,900

	Fee per square meter for the plot 
	69,500 (5000*13.90)

	Apartment fee for first apartment
	18,500

	Apartment fee for Each Additional Apartment
	318,500 (49*6,5000)

	Fee for connection to storm water network
	20,000

	Total
	472,800 



6.7.3 Achievements
Hammarby, compared to other similar districts, has 60% lower water consumption per person. 

[image: ]
[bookmark: _Toc428878764]Figure 35. The loop for handling water in Hammarby (Source: City of Stockholm, 2006. Modified by Authors)

[bookmark: _GoBack]All storm water is also locally managed. Water consumption is reduced through the use of eco-friendly installations, low-flush toilets, and air mixer taps. Moreover, the wastewater from Hammarby Sjöstad passing through the Henriksdal wastewater treatment plant contains 0.13 mg phosphorus/l which means that the phosphorus goal was achieved (GlashusEtt; Pandis&Brandt, 2011). 

Table 15. Water Efficiency Management Achievements in terms of Green Guidelines
	
	Green Guidelines Description
	Hammarby Achievement

	Water Efficiency
	All buildings must have 100% adoption of cost-effective water saving appliances, and green spaces surrounding buildings must adopt low water-use plants. All water consumption should be metered and at least 20-30% of water supply must be recycled from either wastewater or rainwater. 
	100% of water is recycled. All storm water is managed locally and is to be purified before release. 60% reduction of water consumption/person. Water consumption is reduced through the use of eco-friendly installations, low flush toilets, and air mixer taps.



Land use in Hammarby Sjöstad	56%
(90 ha)
19%
(30 ha)
25%
(40 ha)
Residential	Other	Public green space	56	25	19	Hammarby Sjöstad	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015 Jan-July	28956.2828947368	34437.385542168697	39446.136986301382	38235.267639902682	38981.137055837593	44022.555555555598	45237.195899772203	45564.202020201978	48893.518707483003	55285.777015437401	62766.308970099701	Liljeholmen	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015 Jan-July	23283.505263157898	30246.845679012298	36236.267973856193	34889.4338624339	33516.686792452798	36682.595454545502	39305.266990291253	39450.892	43597.267489711281	51123.963099630993	57596.9	Stockholm city	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015 Jan-July	30426.882571775201	36337.909986981576	41738.316969050211	39045.2329595751	40017.177363699077	43752.532252358498	44831.771436103583	45790.734104389077	50168.279694958001	56115.177196086603	63121.426797271277	SEK per square meter

Hammarby Sjöstad	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015 Jan-July	55.399908834143901	54.945532118258811	55.368010023439858	56.416443288916852	56.778663681749073	56.782989933576779	57.721130378856508	58.029640491359778	58.992989466126737	59.818029770585603	60.820129070780453	Liljeholmen	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015 Jan-July	48.001145720298453	51.732941286406842	54.434231698518033	55.188217620850942	53.004283040934197	53.847422916498402	54.822527688635603	55.326009246843078	54.042034901504053	53.43387446744898	54.608709712344471	Stockholm city	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015 Jan-July	48.177393832229498	48.657981873812261	49.818326277330392	52.544494844325357	50.052893650041973	49.134055607743093	50.62107114077758	52.407072403647433	53.102337815221631	54.205398307919012	55.367276849518497	SEK per square meter

Material recycling
33 %
Biological treatment
16 %
Energy recovery
50 %
Landfilling
0,7 %

Hazardous waste	Material recycling	Biological treatment	Energy recovery	Landfilling	51430	1559600	587170	2123680	42000	image4.png
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Figure 6: Mode of travel to work for Hammarby Sjdstad residents
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