PVC in building and construction 
With this booklet, the PVC Information Council would like to describe the use of the plastic PVC in Danish building and construction. We have asked the architect and journalist Erik Pingel to describe where PVC is used in building – from basement to rooftop. 

INCREASING USE OF PVC 
Globally, the consumption of PVC is growing by 4 to 7 per cent per year. Annual global consumption is in excess of 25 million tonnes. 65-70 per cent of all PVC is used by the construction sector, and it is not only the attractive price of PVC that is causing consumption to grow. PVC is a very versatile plastic. No other type of plastic can exhibit so many different applications.

GREEN LIGHT 
In addition to describing the various uses of PVC in construction, we would also like to say that Denmark has done much in the way of environmental work; so much that we are now at the leading edge in this field. It is very exciting, and in 2004 it resulted in the decision by the Danish Folketing (parliament) to withdraw the tax on hard PVC products. This was possible because Danish PVC enterprises have increasingly become involved in collection and recycling of hard PVC products. In connection with the discussions leading to the withdrawal of the tax, the Danish Environmental Protection Agency (EPA) clearly stated that provided the PVC waste was collected and recycled, then hard PVC presented no environmental problems.

SEVERAL ENVIRONMENTAL INITIATIVES 
Finally, we would like to talk about the forthcoming environmental initiatives being taken in order to make PVC the natural choice in sustainable building and construction. Not only will it be possible to recycle hard PVC products in the future, but also solutions for products made of soft PVC are on the way. Therefore, the booklet talks about a large chemical recycling plant under construction in the town of Stigsnæs. We also describe how Danish building products are now being manufactured without lead, and this means that Danish PVC products are highly advanced with regard to environmentally friendly production. The booklet also includes information about the comprehensive environmental programme, Vinyl 2010, which has been initiated by the European producers of raw material.

WWW.PVC.DK 
If you would like to know more, you are welcome to visit our website, where we regularly tell about developments in the PVC area in Denmark and abroad. 
We hope you find this booklet interesting and that it will encourage continued good, healthy, and sustainable building and construction. 
Best wishes

Ole Grøndahl Hansen MA, director

PVC Information Council

On the building site

PVC is extensively used on building sites to protect people, materials, and products.

PEOPLE 
Effective covering and roofing at building sites and on scaffolding ensures a better working environment and thus higher productivity. Not just fewer days lost due to bad weather, but also better working conditions in general ensure that work can be completed on time. Mobile work tents protect smaller work sites on the main building site. Amongst others, telephone technicians and pavers can protect themselves with a tent.

MATERIALS 
Putting up a storage tent protects building materials against damp. This also protects the finished building against mould and rot. Storage tents are available in all sizes and can be set up to include workplaces to protect machinery and people. Finally, machinery and materials are better protected against theft in a tent.

THE PRODUCT 
Unfinished buildings are protected against moisture intrusion during construction. This protects the finished building against damp and mould. And the rhythm of work is better.

PVC 
PVC is one of the best materials for making tents and coverings. It is easy to process, easy to set up, and strong enough to be reused many times. The large firms renting tarpaulins take their tarpaulins back and wash them for reuse up to 30 times. This makes financial good sense.

DECORATION 
Finally, any sort of decoration can be applied to PVC coverings. Company logos, building-site signs, art, or even a picture of the finished building. The opportunities to liven up the city are infinite. This can be more fun than a grey tarpaulin. 

GRAFFITI 
PVC coverings are also useful against unwelcome decoration. The surface is smooth and resistant to dirt, as well as most cleaning agents. Therefore it is easy to remove graffiti.

Pictures

Decoration on scaffolding at the town hall square in Copenhagen

Building site in winter

Work tent

The Great Belt Bridge under construction with tents to keep out wind and cold
Protects the working environment * Protects materials * Protects the product * Can be decorated * Graffiti is easily removed

In the soil

PVC is by far the best material for sewer and drainage pipes in the subsurface. Moreover, a number of membranes to insulate against damp and pollution are available.

DRINKING WATER

Today, more than half the Danish drinking-water supply grid is made of PVC pipes, and the material is excellent at maintaining drinking-water quality

SEWERS

Pipes made of PVC are extremely strong, but also lightweight. This means that PVC pipes can be manufactured in longer lengths than using traditional materials; and in all dimensions. The stable material and the carefully designed joints make it easy to connect the pipes. The strength of the pipes means that requirements for support can be minimised. 

DRAINPIPES

Nowadays, PVC is almost the universal material for manufacturing drainpipes. Large rollers with flexible pipes and long lengths make work extremely easy. They can be rolled directly down into the trench, round corners, and can easily be connected to wells and manholes.

HEALTH AND SAFETY

Simple fitting ensures quick and easy work. Heavy lifting can be avoided at many sites – even without the assistance of cranes.

THE EVINRONMENT

In a lifecycle assessment, PVC pipes will win points as an environmentally friendly material that is easy to manage. Its great strength secures against fractures and subsequent repairs. It can safely be assumed that a PVC pipe will continue to function problem-free for a hundred years. And after this it can be recycled. Analyses have shown that a PVC pipe can be crushed and recycled up to seven times without deterioration in quality. The internal smooth surface with few joints minimises build-up of dirt. Therefore the pipes do not need cleaning as often as other pipes. This also contributes to a positive lifecycle assessment. 

PVC
PVC is very resistant to chemical attack and this protects against corrosion. This property is also exploited in connection with of contamination of the subsurface.

MEMBRANES

PVC membranes are manufactured is sizes of up to six meters wide and in very long lengths. They are easily welded together and therefore easily cover large areas. Foundations and basements are therefore protected against the groundwater in a simple and economical manner. Underground car parks and other underground constructions are equally easy to protect against water seeping through the roof. The stability of the material means that it is possible to expect a very long lifetime; more than 50 years.

THE ENVIRONMENT

PVC membranes can be used to protect the environment on old contaminated sites, where the contamination is considered stable and not liable to leach. Landfills can be protected against leaching by strong, chemical-resistant, flexible, and hard-wearing PVC membranes.

Pictures
The 10,000 m2 solar energy storage facility at Marstal
PVC pipe 1.3 kg/m

Concrete pipe 19 kg/m
Great stability * Low weight * Cheaper * Resistant to chemicals * Large sizes * Easy to manage * Durable * Protects the environment 
Windows and doors 

Because they are some of the most significant elements in a building, windows and doors made of PVC have often been discussed. As in any other context, of course it is important to make the right choice, and PVC has a number of indisputable advantages.

The first PVC windows arrived in Denmark in 1970. Prior to this, small batches of steel windows had been used. Since then, industry has developed windows adapted to Danish norms – aesthetically, technically, and environmentally. 

AESTHETICS 
With new narrow window-sill and frame dimensions, it is possible to replace traditional Danish muntin windows so that today it is necessary to look very closely to see the difference. The unique turn/tilt window used in more modern buildings provides particularly good and safe ventilation. 

TECHNICAL ASPECTS 
A homeowner or housing association will benefit from choosing economical, easy-to-maintain PVC windows. They never need painting, but of course fittings still need regular oiling and adjustment. Naturally they have been developed so that they suit modern constructions with the subsequent very high insulation rates. With modern types of glass, today sills and frames are the most significant for the insulation properties of windows.

THE ENVIRONMENT 

Low consumption of materials and easy management are important factors when assessing environmental impacts. Hard PVC has previously be criticised for its content of stabilisers containing heavy metals. However, for many years this has been a closed chapter as Danish industry has taken the lead in developing more environmentally friendly stabilisers.

The most important factor in assessing environmental impacts is the durable and maintenance-free surfaces. These only require gentle cleaning agents in their upkeep. No paint removers, and no painting in a lifetime of more than 50 years.

SECURITY AGAINST THEFT
Stable design and often invisible fittings make windows more resistant to thieves. 
Quotation

“I think that the PVC industry has made great efforts to replace environmentally harmful additives with other substances. This is a great benefit for the environment.” 

Former director general of the Danish EPA, Steen Gade, 2001

Pictures

Høng Station, Heinrich Wenck 1898 has been fitted with PVC windows

The narrow dimensions suit any design (detail from the station)

The housing association Vesterport, built in 2003, is located in the old fishing harbour in Strandby. Designed by the architects Jørgen and Lasse Andersen maa. The housing association chose PVC windows as they are resistant against the harsh climate.

Economical * Long lifetime * Does not require painting * Easy to clean * Durable * Secure against theft

On the roof 
Roofing felt, underroofing, flashing, gutters, and drainpipes can all benefit from being manufactured in PVC.

ROOFING FELT 
For almost flat roofs, PVC felting is a durable alternative to traditional roof cladding. It is resistant to chemicals, it is not broken-down by sunlight, and therefore it can last for more than 50 years. Of course valleys and cavities are watertight when made in PVC by good builders.

The wide lengths are easy to weld together using connectors hidden within the joints. Alternatively the covering can be fitted with valves that suck it tight to the underlay.

UNDERROOF
There are benefits in making a water and moisture-proof underroof from PVC. It does not tear and it is elastic. Therefore it follows the movements of the surrounding construction caused by temperature and humidity changes. Guarantees of up to 30 years are available. 

FLASHING 
Different types of flashing must be used where different materials meet and where constructions end. These can be made of PVC which ensures a stable, elastic and resistant finish. 

GUTTERS AND DRAINPIPES 
Everyone knows gutters and drainpipes as a popular do-it-yourself product. But professionals can also benefit from using these products.

GRASS AND THATCHED ROOFS 
PVC offers the best protection under your natural roof. Laid directly beneath a grass or thatched roof, a PVC membrane will protect against water seeping into the underlying construction. In many cases this will directly affect insurance premiums. The durability of the membrane protects it against deterioration for many years, and the smooth surface means that the root network of grass does not grow into the membrane and damage it.

Pictures

Gutters and drainpipes

A watertight and elastic underroof

Parken stadium in Copenhagen. The 14,000 m2 insulated rolling roof is made of PVC. Architect Gert Andersson maa

Club Denmark Hallen in Valby. 13,000 m2 under one PVC roof. Architect Gert Andersson maa, engineers Jørgen Wessberg A/S.

Great stability * Tear-resistant * Protects the underlay * Long lifetime * Cheap

Fire risk 
Use of PVC is extremely widespread, and therefore its properties in fires have been the subject of many studies. The studies have concluded that, apart from the financial consequences arising from the hydrochloric acid that is formed when chlorine is burned, PVC in construction does not pose a special problem. On the contrary, in certain conditions PVC can actually be advantageous when a building burns.

LOWER RISK

The use of PVC reduces both the risk of a fire catching in the first place, and the risk that it will spread. PVC is difficult to burn and self-extinguishing. If the cause of a fire is removed, the fire will go out. This is preventive. Many studies of fire sites and in the laboratory have shown that PVC in buildings neither causes fires nor causes them to spread.
HYDROCHLORIC ACID 
The hydrochloric acid that is formed when PVC burns has no significance in connection with fatalities from a fire. Carbon monoxide is the most common cause of fatalities in fires. Large amounts of carbon monoxide are formed in all natural fires. While the odourless carbon monoxide rapidly builds to lethal concentrations, the concentration of hydrochloric acid rises slowly. Even at very low and safe concentrations, hydrochloric acid will irritate the mucous membranes. This means that a fire is discovered quickly and emergency services alerted.

DBI – THE DANISH INSTITUTE OF FIRE AND SECURITY TECHNOLOGY
The Institute submitted the following conclusion when the PVC Information Council asked them to prepare a memo on PVC and fire in 1997.

The difference in survival times in fires with and without hydrochloric acid is minimal. In general, all smoke in a fire is dangerous to humans. Hydrochloric acid gas is an irritant and can be noticed immediately in contrast to pure carbon monoxide, and people will therefore run away quickly (if possible). Only small amounts of dioxin are likely to be formed by burning PVC, and much of the literature supports the assertion that there is only a small risk. The largest problem with PVC and fire is the subsequent corrosion damage because of hydrochloric acid. This can cause damage to machines and supporting construction. Rapid measures against corrosion after a fire are necessary to reduce this damage.

Picture

The smoke from burning PVC can warn people before it is too late. However it is necessary to be aware that it can cause corrosion damage when a building is to be rebuilt.

Picture lent by BYG-ERFA

Difficult to burn * Self-extinguishing * Warns people in good time

Incineration 
Despite efforts for more and more collection and recycling of PVC construction waste, it is inevitable that some PVC waste will end in waste incineration. In order to clarify the most recent knowledge on the environmental consequences of incinerating waste PVC, in 2001 the PVC Information Council had a memo prepared. The memo was written by senior engineer Ole Hjelmar, DHI, who is an international expert in the area. For many years, Ole Hjelmar has worked with incineration problems for both the Danish EPA and the European Commission.

THE MYTHS 
The memo dispels many of the myths associated with the issue of PVC in incineration. There is special focus in one particular area, and that is residues. The incineration process transforms the chlorine in the PVC into hydrochloric acid. As hydrochloric acid must not be emitted into the atmosphere through the chimneys at the incineration plant, it must be neutralised using lime. This forms a residue which is landfilled. It has been believed that PVC has played a large part in the formation of residues, but now we know that the influence of PVC is actually very modest.

WET AND DRY SMOKE CLEANING

The memo puts figures to the residue problem. The difference in residue formation depending on the smoke-cleaning method used in Denmark is remarkable. PVC is responsible for almost 5 per cent of the residues in incineration plants using wet smoke cleaning, but for dry smoke cleaning the figure is 20 per cent. More than 70 per cent of Danish waste is incinerated at plants using wet smoke cleaning. 

DIOXIN 
The Danish EPA is quoted in the memo that it is not relevant to combine the problem of dioxin with the issue of whether or not to incinerate PVC. It is expected that the same amount of dioxin will arise irrespective of whether there is PVC in the waste or not. The amount of dioxin formed is not determined by the amount of chlorine, but rather by the plant and the incineration conditions. Special cleaning of the smoke for dioxins will be necessary at all events.

INDUSTRY IS DOING MORE 
Even though PVC waste has a modest effect on residue formation in waste incineration, more is being done. The PVC industry has taken joint responsibility to solve this problem. 

Vinyl 2010, mentioned elsewhere in this booklet, is supporting a Danish project to recover these residues in order to avoid landfilling.

Quotation

“In my view, PVC is an extremely good material – but I am aware that the problems linked to use and disposal of the material must be solved.”

Danish Minister for the Environment, Hans Christian Schmidt, 2003

Pictures
More pollutants are not emitted because PVC is incinerated, but a residue is formed. The PVC industry is supporting trials to recover this residue.

PVC waste only plays a modest part in the formation of residues
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