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About Climate Smart Cities

The Climate Smart Cities (CSC) project is being implemented by the Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH on behalf of the 
Federal Ministry of Environment, Nature Conservation and Nuclear Safety (BMU) 
under the International Climate Initiative (IKI) jointly with the Ministry of Housing & 
Urban Affairs (MoHUA), Government of India. The Implementing project partners 
are the German Institute of Urban Affairs (Difu), National Institute of Urban Affairs 
(NIUA) and the Technical University of Berlin (TU Berlin). 

The project contributes to the achievement of the Nationally Determined 
Contributions (NDCs) to the Climate Goals and the Sustainable Development 
Goals (SDG). The project works with three Indian Smart Cities of Bhubaneshwar, 
Coimbatore, Kochi, and their respective state governments of Odisha, Tamil Nadu, 
and Kerala, in the planning and implementation of smart and climate-friendly 
measures for infrastructure and area-based development, as well as the measuring 
and monitoring of their Green House Gas (GHG) emissions.

The CSC project is supporting Kochi in the area of “Green Buildings” and 
within this framework, a Case Study on KMC Main Building was conducted 
with BuroHappold to imagine solutions towards a climate sensitive and green 
architecture, which builds the basis of the following pre-feasibility study on Green 
Buildings in Kochi.
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1.1 The urban challenge 
The city of Kochi is one of the largest – both from an economic and 

development perspective – and most dynamic cities in India. Located at the 
shores of the Arabian Sea, the unique linkages of building history and future 
are visible. One of the main characteristics of Kochi and its built heritage is its 
close relation to water. The city has not just been shaped through its function 
as a port city and international hub for goods from and to South-India, but also 
through its local backwaters and a system of rivers and channels that have 
shaped the urban structure over centuries. This water-network has been the 
backbone of commercial activities and wealth. Moreover, it has protected the 
city from flooding, which has helped in accumulating a huge ecological wealth. 
Over the last decades, this system has come under the threat of  accelerating 
urbanisation and the more frequently and intensively occurring impacts of 
climate change.  The coastal metro city of Kochi is more vulnerable to sea level 
rise and groundwater salination than other cities. But also seasonal rains like 
the summer monsoon puts an increasing pressure on the city’s infrastructure 
causing damages on buildings, streets and other urban commodities, harming 
the residents of Kochi every year. .

 

 
 
Fig. 1: Impacts of Decentralisation and Urbanisation | Graphic: Insar Consult, Marcus 
Jeutner, 2014
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    The ongoing construction activities are amplifying those effects, as the 
construction of infrastructures and buildings is increasing both quantitatively 
and in scale. Especially the formal and informal development of streets and 
housing estates at the fringes or even within the backwaters, and the blocking 
of waterways due to constructions and waste disposal has caused disruptions 
in the former water system of the city. Today it is no longer able to cope with 
seasonal and extreme weather events. The emissions of traffic, the increased 
consumption of energy and resources is fuelling climate change on a local level. 

To quantify the increase in building activities and building densities, a land 
cover analysis has been carried out for the central parts of Ernakulam. To quantify 
the increase in building activities and building densities, a land cover analysis has 
been carried out for parts of the coastal areas of Ernakulam. The area has been 
chosen with respect to their location next to the case study project (see chapter 
3) and is formed by the wards 68, 67, 66 and 62.

 During the analysis the land cover from 2010, 2013 and 2020*  was 
compared using remotely sensed, multi-spectral satellite imagery from two 
different satellites: WorldView-3 and WorldView-2. A supervised classification 
was used to distinguish four different land cover categories: vegetation, soil, 
sealed and water. In supervised classification, the user defines “training areas” 
that are known to be representative of a particular land cover type. An image 
classification is done by using the different spectral bands contained in the image 
which represent certain parts of the electromagnetic spectrum. Four different 
bands (Blue, Green, Red and NIR) of the mentioned satellites were used for the 
analysis. The spatial resolution, i.e. the size of a pixel, is 1.2 m for WorldView-3 
and 2 m for WorldView-2. To ensure comparability of the data, only images from 
the month of December were used. The random forest classifier was used to 
perform the classification. Random forest is an ensemble classifier that produces 
multiple decision trees, using a randomly selected subset of the collected training 
samples and variables. At present, it is one of the most accurate classifiers 
in remote sensing. Nevertheless, inaccuracies may occur, as supervised 
classification depends heavily on the training sites and the spectral distinctness 
of the classes. If two classes are very similar to each other in terms of their 
spectral reflectance misclassifications can occur. In addition, the comparability of 
the images is also dependent on the weather during the period the images were 
taken. This is for example relevant for the correct classification of the green areas 
and the soil. In the case of the land cover classification for Kochi, the correct 
analysis of the water areas and the large-scale shadow areas in the image posed 
a major challenge, which led to small misclassifications, which, however, do 
not significantly influence the result of the analysis. The general trend shows a 
disappearance of urban green and unsealed spaces, both in public and private 
spaces. While 47.8 % of the area was covered in vegetation in 2010, only 37.5 % 
was covered in 2020. Respectively, the percentage of sealed surfaces increased 
from 46.9  to 54.2 %.   

*  Images taken earlier than 
2010 might have shown larger 
changes in developments, but 
as their spatial resolution is 
lower it would have not been 
accurate to compare them 
with more recent data with 
higher spatial resolution. Also 
to ensure the comparability 
of the satellite data, certain 
conditions must be met (e.g. 
no clouds, few shadows, 
from the same time of the 
year), which further limits the 
availability of data.
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DECEMBER 2010  -SURFACES

VEGETATION (G):  50.9 %

OTHERS (Y):  6.8 %

SEALED (R):  41.7 %

WATER (B):  0.6 %

SATELLITE IMAGERY 

DECEMBER 2020 - SURFACES

VEGETATION (G): 37.5 % 

OTHERS (Y):  6.7 %

SEALED (R):  54.2 %

WATER (B):  1.5 % 
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Fig. 2: Spatial change from 2007 to 2021: Reduction of urban green due to dynamic development of the area | Analysis, 
TU Berlin, based on data from WorldView-3 operated by DigitalGlobe preprocessing by Land Info Worldwide Mapping, 
LLC 2021 

NDVI LANDUSE CLASSIFICATION
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In addition, the Normalized Difference Vegetation Index (NDVI) of the study 
area was calculated with the available satellite data. The NDVI is a vegetation 
index for assessing the greenness of an area and the state of plant health 
based on how the plant reflects light at certain frequencies. A value around zero 
means no vegetation and close to +1 indicates the highest possible density of 
green leaves. However, due to the spatial resolution and the different spectral 
bandwidths, it is difficult to compare different satellites with each other. In addition, 
especially the greenness is strongly dependent on the climatic conditions of the 
respective year. In Kochi, it was possible to compare the images from 2010 and 
2013. A minimal loss can be observed here. The average value dropped from 
0.38 to 0.35. 

The analysis clearly shows the loss of green spaces which at the same time 
means the reduction of retention capacities of the urban area. The reduction 
of undeveloped spaces, the shrinking of unsealed green parts along streets or 
in parks, the covering of private plots with constructions, etc. created a highly 
dense urban fabric which is losing its climate resilience resulting in heat islands 
and flood risk. Taking into account the average annual rainfall in Kochi of 3014.8 
mm and the size of the analyzed area that is 6,140,041 m² it can be calculated 
that just this part of the town has to deal with 18,506,085 m³ of water each year.

1.2 The Climate Challenge
The climate of Kochi is relatively stable around the year. Due to its location 

next to the sea and the backwaters, Kochi has average temperatures between 
29 and 32 °C and high levels of humidity. The tropical climate results in intense 
solar radiation and substantial rainfall. Furthermore, the rain peaks can reach 
up to 2,000 mm during the summer (south-west) monsoon. Especially during 
rainy season flooding becomes a frequent issue. The rains in the region will get 
stuck in the Western Ghats from where water is running off though channels 
and rivers towards the sea. Because of the backwaters the water table in the 
area of Kochi is relatively high. Therefore, local flooding is a typical result 
during this time of the year. 

Contrastingly, even in the humid climate draughts are also well-known 
events in Kerala and Kochi. Especially during summer months water is regularly 
a scarce resource which becomes visible in dry rivers and a lowering of the 
ground water table. This also affects the drinking water supply in the state. 

In Kochi, the devastating effects of an ongoing climate change became 
increasingly visible during the last years. Besides rising peak temperatures, 
especially the growing uncertainty of the monsoon became a major 
consequence. Statistics are showing that the amount of rainfall in January, 
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July and November decreased. As the average amount of rain is stable, heavy 
rains within shorter periods caused a major threat to the state of Kerala, its 
people and economy. For example, in the summers of 2018 and 2019 large 
parts of Kerala have been flooded, causing deaths of people, destruction of 
buildings and infrastructures and a stall of local economies. Moreover, core 
infrastructures like the international airport closed for several days and train  
connections got interrupted. Even if the inner-city parts of Kochi have not been 
affected to a large extent, flooding and its aftermaths became an issue here 
too. 

An online survey carried out by the Team of TU Berlin in summer 2019 
was seeking for insights regarding the perception of climate change among 
the residents of Kochi. The survey was promoted locally via geo-targeting to 
narrow the view on individuals who work or live in a radius of two kilometres 
around the Kochi wholesale market area. 960 participants completed this local 
survey. 40 % of them stated that they have been living in that particular area for 
more than 25 years. 

 

 

Fig. 3: Results of an online survey 
among 960 residents of the central 
area of Ernakulam | 
Graphic: TU Berlin, Alina Reusch-
ling, 2019 

DO YOU...

WHAT WOULD YOU CHANGE 
IMMEDIATELY TO IMPROVE THE 
CLIMATE?

PROBLEMS BUSINESS
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The survey aimed to find out, how the inhabitants perceive climate change 
effects in their city and how they are affected by it. It was impressive to see, that 
95 % clearly linked changes in local annual temperatures and rainfalls to global 
climate change. Many of them are also recognizing physical (77 %) or financial 
(80 %) consequences of extreme heat or heavy rainfalls. When asked what 
should be handled differently to lower the impacts in their city or to create more 
climate-friendly urban areas, the participants highlighted measures like planting 
trees, implementing rainwater harvesting, and waste reduction – cross-cutting 
principles that influence many parts of city life.

The overwhelming number of completely answered surveys and the 
elaborated answers to open questions have shown the relevance of the topic 
for the citizens. They are aware of the need for change in urban development 
and have ideas how to achieve those changes. But the most striking outcome 
has been their willingness to be involved in processes for change. Many of the 
participants committed their interest to collaborate in developing solutions and 
expressed this by sending their email contacts. Taking into account the average 
annual rainfall in Kochi of 3014.8 mm and the size of the analyzed area that is 
6,140,041 m² it can be calculated that just this part of the town has to deal with 
18,506,085 m³ of water each year.

1.3 Green buildings as key solution in Kochi?
Globally, buildings are responsible for the use of 30 % of primary energy 

and 28 % of the CO2-emissions 1. In India, buildings are consuming around 
35 % of the electric energy with an annual growth rate of 8 % 2. Considering 
the still increasing demand for new constructions (esp. housing, commercial 
and industrial), the enormous potential and need for more sustainable ways 
of building becomes visible, both in new constructions as well as in retrofitting 
existing building stocks. 

On the national level, the subject of ‘Green Building’ is spread across three 
national ministries in India: Ministry of Housing & Urban Affairs (MoHUA), 
Ministry of Power (MOP) and Ministry of Environment Forestry & Climate 
Change (MoEFCC). In the past they have been responsible for the development 
of codes and guidelines. But, since building approvals is a state subject, it 
is mandatory that the states are ultimately implementing those regulations. 
Therefore, they have to adopt these and notify them. The states also have the 
power to modify these codes to customise them as per their requirement. The 
key guidelines governing green building aspects are clustered in mandatory 
and non-mandatory categories:
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Mandatory Non-Mandatory

 › Building By-Laws 

 › Energy Conservation Building 
Code (ECBC) for commercial 
and residential 

 › Environmental Clearance

 › Urban & Regional 
Development Plans 
Formulation and 
Implementation (URDPFI) 
 

 › National Building Code (NBC)

Within the governance model of the Kerala State, the building rules are 
uniform for the whole state, whereas the responsibility for implementation lies 
with the urban local bodies. The current status of regulations is as follows:

 › Environment clearance is mandatory in Kochi city as per the 
guidelines MoEFCC

 › The recently updated Kerala municipality building rules – 19 
(KMBR) are enforced

 › ECBC 2017 for commercial buildings has been notified but not the 
Eco Niwas Samhita

 › In addition, Coastal Regulation Zone (CRZ) guidelines developed 
by the state of Kerala are also mandatory in Kochi city 

In addition to the mandatory framework of building regulations, there are 
voluntary market mechanisms that push the construction of green buildings in 
India in the form of green certifications. With the increasing awareness about 
resource extensiveness of buildings, a greater demand for green construction 
practices has emerged. This has led to an increasing number of builders 
adopting third party green certifications. The most common of them in India 
are:

 › LEED by US Green Building Council (USGBC)
 › IGBC by the Indian Green Building Council (IGBC)
 › GRIHA by The Energy & Resources Institute (TERI)
 › EDGE by International Finance Corporation (IFC) a World Bank 

Group
 › GEM by The Associated Chambers of Commerce of India 

(ASSOCHAM)

Tab. 1: Buildingregulations regarding green buildings
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      Due to the emergence of green building standards, ‘green building’ is 
perceived rather as a rating system than a holistic building concept. Green 
building labels are catalogues of single measures that can be combined 
depending on the budget and goal of a project.

 
The Kerala State government had floated a draft green building policy for the 
state with the intent of promoting green concepts in all new construction. With 
regard to this, there has been some adoption of voluntary ratings in the state, 
namely LEED, GRIHA and IGBC in Kochi.

 › Kochi Metro – IGBC Platinum
 › Wipro Technologies, SDB 1 – LEED Gold
 › Noel Green Natural Homes – LEED Gold
 › Regional Gas Management Centre of the Gas Authority of India 

(GAIL) – GRIHA 3 Star
 › Sands InfinIT Park at Smart City Kochi – LEED Precertification
 › World Trade Centre – LEED Precertification 

 

Tab. 2: Categorisation of indicators in rating systems. Source: Himanshu Agarwal 
et al. (2017): Comparison between Three Most Prevailing Green Building Rating 
Systems of India, in: International Journal of Science, Engineering and Technology, 
Volume 5 Issue 3, pp. 90

Tab. 3: Examples of adoption of voluntary ratings in Kochi 
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But besides these large-scale developments, Kerala has one of the lowest 
numbers of green certified building projects in the country. One reason for 
this is the absence of regulations, and especially a lack of political will and no 
incentive. This also goes along with the late ECBC adoption and the still missing 
adoption of NBC Chapter 11. As of today, there is no government programme 
for green construction present in the State of Kerala.

This challenge goes along with a certain fatigue in building approvals. In 
an approval process, often too many regulatory bodies are involved and many 
different approvals from various agencies are necessary. In this context, green 
construction or green certification is frequently seen as an added burden.

Another reason is the past and still ongoing rapid urbanisation, both in the 
state and the Kochi municipal area. There exists an intense need for modern 
buildings and infrastructure that leads to an often unplanned urban growth. 
There is lack of interest of public and private developers to think outside of 
the box and comfort zone, and to modify ways of designing and execution of 
building projects. Moreover, the negative consequences are amplified by a lack 
of enough bandwidth to enforce the implementation of regulations.

One of the key challenges are obvious information gaps on different levels, 
mainly caused by a lack of clarity on the definition of green construction. Today, 
too much information is scattered across, leading to confusion for end users 
and stakeholders. The variety of different rating systems and their variants 
appear challenging, and their implementation process is a complex task.

One of the most underrated reasons for a slow implementation of green 
constructions is the weak perceivable value proposition. End-users are still 
unconvinced about the tangible benefits of green construction and mostly 
see the higher initial cost, which – although with return of invest – acts as 
a deterrent. Besides their common costs for planning and implementation of 
constructions, additional money needs to be spent, e.g. on certification and 
consultant fees.

The aforementioned points are clearly pointing out a need for promotion 
of green constructions in Kerala, focussing on the visibility of green building 
techniques and their positive impacts, on the awareness of officials, planners 
and builders, the creation of tangible prototypes, and finally the creation and 
communication of green building examples that are easy to adopt.
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2.1 Sponge City’ as approach towards a green 
buildings and cities

Due to the outlined change of climate conditions, the amount of annual 
rainwater will be concentrated in a decreasing number of rainy days. This will 
lead to contrasting situations of many days with heat, draughts, and water 
scarcity on the one hand, and with too much water that cannot be handled on 
few days. The decreased water retention capacities of urban areas due to an 
increasing share of sealed surfaces will increase effects of water run-off and 
local flooding. Run-off water is a locally lost resource, as it is not possible to 
make use of positive local side effects of surface water on institutional plots or 
in neighbourhoods.

As climate mitigation and adaptation measures tend to be sometimes very 
abstract, a new overall image is needed to communicate the main principles 
of action and potentially created values. Such an image could be found in 
the principles of a sponge city. The main function of a sponge is to soak in 
water in one place and to discharge it when and where needed. In terms 
of a ‘sponge city’, the idea is to hold rainwater in the place where it occurs 
and to discharge it slowly, either into the ground and ground water or into 
the air by evaporation. By holding water in place instead of letting it run off, 
institutions, people, and cities will be enabled to make use of it. Examples for 
direct use could be groundwater recharge, watering local greenery, usage for 
cleaning purposes, creating recreational measures, or personal use of water 
in institutions or households. Indirect benefits would be cooling effects due 
to slow evaporation of water due to sun radiation, better air quality through 
binding fine dust particles, an increase of quality of life through reduction of 
heat stress, a decrease in costs for additional maintenance water, etc.

This background led to the guiding idea and the focal topics of an Urban 
Design Thinking session: To develop the concept of green buildings for Kochi 
that enables the city to retrofit its institutional and commercial buildings with a 
strategic approach and to create green incubators in urbanising and urbanised 
areas. This would contribute to the city’s resilience and liveability. Based on this 
perspective, the following development model for green institutional buildings 
has been created.
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2.2 Blue-green planning for buildings: Layer of 
intervention

To implement a strategic network of green buildings and applying the concept 
of ‘green buildings’ across the city of Kochi, there are a number of relevant 
layers of intervention. The layers identified are (i) green infrastructures, (ii) blue 
infrastructures, (iii) energy efficiency, (iv) renewable energy, (v) open spaces, 
(vi) mobility, and (vii) soft measures, the latter emphasising on awareness 
raising and capacity building. Layers of intervention encompass strategies to 
be applied on building, neighbourhood, and city-wide level.

With green infrastructures, solutions regarding climate mitigation through 
green infrastructure, increasing biodiversity on-site, and concepts to adapt to 
the effect of climate change are addressed. Measures on building level include 
green roofs and facades, which are multifunctional: depending on the type 
of greenery, they are a biodiversity shelter; further, they regulate rainwater 
retention, increase thermal insulation and support regulation of the local 
microclimate. Green landscape design with permeable grounds additionally 
avoids water logging and reduces the effects of heat islands. Green infrastructure 
measures provide a relevant local impact if implemented on building sites, 
however, enable their full potential if applied within a neighbourhood or city-
wide framework.

Fig. 4: Sponge city as approach 
leveraging multiple positive 
effects in neighbourhoods | 
Graphic: TU Berlin, Marcus 
Jeutner, 2020 
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The second layer of intervention, blue infrastructure, aims to reduce the 
freshwater consumption and to increase resilience against flood-events. In this 
regard, on building level, promotion of water saving technologies, such as low-
flow fittings, and measures on rainwater harvesting and grey water use e.g. 
for irrigation purposes are considered. On a larger scale, strategies on flood 
resilience and relieving the sewer system during heavy rainfall events, are 
possible outcomes. At the same time, drinking water consumption is reduced  
across the whole city, when water saving measures are scaled up across a 
large number of buildings.

Enhancing energy efficiency in buildings, directly addresses climate 
change mitigation through reducing energy consumption of building operation. 
Besides reducing carbon emissions in building operation through minimising 
energy consumption, enhancing energy efficiency is incentivised by reducing 
expenses on energy, with many measures having short amortisation periods. 
Potential measures are either passive or active measures. Passive design 
solutions such as exterior shadings, reflective surfaces or natural ventilation/
cooling concepts reduce the need for AC and mechanical ventilation. Active 
measures enhance the energy performance of the building through e.g. LED 
lighting, and highly energy efficient ventilation or cooling systems and other 
appliances across the building. For the building owner or operator, this allows 
for reducing the expenses for energy, while on a neighbourhood or city scale 
this helps to reduce the overall energy demand, lowering demand peaks, and 
hence reduce the carbon footprint of the whole city.

Renewable energy solutions target mitigation of carbon emissions of a 
building, a neighbourhood or a city, while also allowing for lower air pollution 
through reduced combustion of fossil fuels, and increasing energy security and 
resilience to power cuts, with renewable energy produced on-site. Measures, 
for example, are photovoltaics or small wind turbines that can be mounted on 
roofs, facades, or building plots. Combined with battery storage, energy can 
get stored over short- to medium-terms to cover for peaks in times of high 
demand and at night.

Another layer of intervention is the provision of high-quality open spaces, 
supporting social, health and well-being aspects of the building’s users. 
Focusing on the human scale by providing exterior furniture with appropriate 
shading enables attractiveness of open spaces and fosters communication 
between users and visitors by lowering the communicative boundary between 
the building’s plot and adjoining public space and streets. 

For green buildings, on-site mobility solutions are crucial to ensure 
accessibility for all and low-emission transport. In this layer, measures such 
as provision of cycling infrastructure (e.g. bike parking facilities) and charging 
stations for electric bicycles and cars can be implemented directly on the 
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building site, while other aspects, such as availability of public transportation, are 
factors to be considered early in project development. Within this layer, aspects 
regarding accessibility for differently abled people through integrated design 
are also considered. Provision and promotion of sustainable mobility solutions 
at a green building, not only reduces congestion and carbon emissions caused 
by motorised private transport and the need to provide parking spaces on city 
level, but also supports a healthy and active lifestyle among the building’s users 
and visitors.

 ‘Soft’ measures include awareness raising, capacity building and the 
development of connections and networks to promote green building solutions 
across the city and region. One solution to increase awareness on green 
buildings over long term is by building a network of green buildings across the 
city, showcasing concrete measures to stakeholders from the building sector 
and the interested public. This would further be supported by educational 
measures, such as  periodic sustainability events for a wider public audience 
and university students (e.g. architecture, civil engineering, urban planning) 
and highlight correlation between local environmental action and national 
or international sustainability targets (e.g. NDCs, Paris Agreement, SDGs). 
Lighthouse projects like the KMC building could provide spaces, such as the 
auditorium, for educational purposes and exhibitions and showcase green 
measures directly on-site. 

2.3 Administrative and institutional buildings as 
strategic entry point for green buildings 
in Kochi

As one of the major parts of the built environment, buildings of all scales 
and use are both exposed to the effects of changing climate conditions and in 
many cases contributing to climate change, e.g. through their use of resources 
and energy when they are being built and operated and the related emissions. 
As most of the building stock is already existing, and cannot easily be rebuilt  
( due to financial constraints, loss of resources and grey energy) there is a need 
to upgrade existing structures with blue-green measures. The promotion of 
green building solutions could be a way to implement a sponge-city approach.

Administrative and institutional buildings, such as office buildings owned 
and operated by the municipal authorities, public educational or healthcare 
facilities, are ideal starting points to implement green lighthouse projects across 
the city. The strategic intention of first focusing on public projects is that they are 
considered as role models for follow-up projects from the private sector. Visible 
activity on climate protection and adaptation to climate change effects through 
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the public administration, show responsibility towards combatting climate 
change. This can motivate private stakeholders to take their own investments 
for enhancing the performance of their buildings. The higher the profile of the 
example project, the higher the effect of awareness raised. 

Especially highly exposed buildings, frequented by a large number of 
visitors, such as city halls and administrative buildings, can be considered 
a priority when implementing green building solutions. Also, buildings with a 
strong formative character, such as schools, universities, and other educational 
facilities, allow to showcase to a wider and younger audience implemented 
energy efficiency and renewable energy measures.

Further, green public building projects are pioneers and can allow for the 
local introduction of new energy-efficient and climate-friendly technology and 
skills of builders, preparing the market and increase availability of technology 
for private developers. A healthy market environment can further decrease the 
barriers for private developers to set targets on the energy performance of their 
building portfolios.

When implementing green building measures on highly visible lighthouse 
projects, it is important to consider communicative aspects after successful 
realisation. While several solutions, such as green roofs, solar panels, (e-)bike 
parking infrastructure are tangible and easy to see and understand  for the public, 
other measures targeting energy efficiency, e.g. LEDs or building services such 
as highly efficient ACs or ventilation require a clear communication strategy on-
site. This can be carried out, for example, through (digital) information panels 
showcasing the building performance.
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   Based on the suggestions of the KMC for setting green buildings standards, 
in consultation with the GIZ project team, the KMC Main Office Building was 
selected as a first showcase project to be assessed in a pre-feasibility study. 
The building will function as the future administration and office building for 
KMC. As a building with high public traffic and a large staff number, it will have 
a high visibility, and therefore would be an ideal green building lighthouse 
project for the city of Kochi.

The building is located in Marine drive, a neighbourhood well-known for 
the Marine Walkway, with a promenade at the Vembanad Lake facing the 
waterfront. With a total plot size of 6,000 m² and built-up area of 15,800 m² the 
building holds potential for implementing green building measures both at the 
building itself and on the external plot. The KMC building comprises of a main 
building, and an adjacent pavilion with auditorium.

Currently the building is under construction and was about 85% completed 
as of April 2021 3. This reflects esp. the civil structures of the building. Further 
crafts like plumbing and electricity are in a tendering status. Due to a tight 
budget and a lack of building materials, the construction project repeatedly 
stagnated in the past, causing first damages on the main structures. Especially 
the infiltration of rain- and groundwater are key issues. Planned to reflect local 
styles, the roof has been planned to be a visible signature of the building but 
remained unfinished up today. Figures 8 - 15 show the construction site of the 
project in March 2020, taken during a site visit of TU Berlin and the GIZ project 
team.

Fig. 5: Image of the KMC Main Office Building | Graphic:  c-hed.org
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Fig. 6: Location of KMC-Building | Graphic: TU Berlin, Marcus Jeutner, 2021, based on Open Street Maps

KMC MAIN OFFICE – PROFILE
 » Architect: Kuldip Singh & Associates
 » Typology: Office Building
 » Location: Marine Drive, Kochi
 » Plot Area: 6,000 m²
 » Total built-up area: 15,800 m²
 » Basement area: 3,785 m²
 » Ground floor area: 2,150 m²
 » Total floors: basement + ground + 6 floors
 » Height of basement: 3.3 m and 3.55 m (incl. 0.6 m beams)
 » Floor to Floor height: 3.95m for typical floors (incl. 0.6m beams)
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Fig. 7: 

Fig. 8:  

Fig. 9:  

Fig. 10:  

Status Quo Floors

Status Quo Roof
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Fig. 11:  

Fig. 13: 

Fig. 12:  

Fig. 14: (7-14) Status of the KMC building in 2020 | Photo: TU 
Berlin, Marcus Jeutner, 2020  

Status Quo Water 

Status Quo Plot
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3.1 Development of a green building lighthouse: 
Levels of impact and Vision

The solutions outlined in the next section have been jointly developed by the 
project team, based on findings of an Urban Design Thinking session. The aim 
of the co-creative working formats has been to put the needs of local people and 
stakeholders at the centre of thinking and to create intense experiences of peer 
learning and knowledge exchange between the interdisciplinary participants. 
As the COVID-19-Pandemic interrupted the overall co-creation process, 
the intervention concept described in the following has been developed by 
the project team in close communication with local stakeholder. To develop 
them jointly as a transferable role model, an integrative vision gives them the 
programmatic background. 

As a holistic development model, KMC Main Office Building is acting as 
a pioneer for green building principles, that others can follow. Since the main 
structures already exist, basic green-building aspects – e.g. orientation – 
cannot be considered. The benefit of the current status is that this can now 
act as a showcase for incremental solutions that can be replicated in both, 
new building projects and retrofitting of existing constructions. The KMC Main 
Office Building is creating an experience of green buildings for public and 
private institutions and individuals to make them aware of the scope of options 
and solutions to create sustainable and healthy spaces. Furthermore, the 
measures that are implemented and showcased are replicable on a low-tech 
basis. Lastly, the building concept is supported by a sound communication and 
infotainment concept, that is focussing on the dissemination of green building 
approaches

KMC Main Office Building as flagship  
and ambassador for green  

buildings in Kochi
 

  An incremental green building concept at KMC 
New Office Building showcasing a role model of 
water-sensitive design that could be adopted to 

retrofit public or private buildings in Kochi.
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With the main structures already in place, the building still provides 
several opportunities to integrate a sponge-city approach. Referring to the 
forementioned layers of intervention, green building solutions have been 
ideated regarding (i) green infrastructures, (ii) blue infrastructures, (iii) energy 
efficiency, (iv) renewable energy, (v) open spaces, (vi) mobility, and (vii) soft 
measures.

3.2 Blue-green Solutions: A Catalogue
The solutions described in this section are all contributing to the approach 

of a sponge city. They can be seen as supportive measures to increase thermal 
comfort and energy efficiency by the use of passive measures to reduce 
negative effects of radiation and the strategic use of rainwater. In combination 
with rather technical solutions focussing on energy on-site energy-production 
and use, they are representing a holistic green-building approach.

A green building encompasses measures on different levels: (i) energy 
related measures, which aim to include renewable energies and reducing the 
amount of conventional energy supply; (ii) passive design measures such as 
green roofs or reflective surfaces, etc. contributing increased energy efficiency 
of the building; (iii) social measures of sustainability measures increase 
awareness and provide an accessible place for all employees and visitors of 
the building.

 

To provide a clear overview on such measures, four criteria were defined 
to allow for quick estimation and classification on suitability for the project. 
The criteria are defined as follows: Firstly, there is the potential investment 
cost for implementation. Secondly, the payback period is considered, meaning 
in what timeframe the investment would potentially amortise and provide 
financial benefits for the owner or operator. Thirdly, the complexity of technical 

Fig. 15: Criteria to rate individual blue-green solutions  | Graphic: BuroHappold, 2021 
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implementation is considered, ranging from a complex technical effort to a 
simple or even no effort for implementation. Lastly, visibility is also relevant, 
showing the potential for communication in terms of the general impact the 
measure has for public.

3.2.1 PHOTOVOLTAICS
A photovoltaic (PV) system enables the useage of sunlight to produce 

electricity by converting solar energy into electrical energy through solar cells. 
A PV system produces fossil-free, carbon neutral electricity on site. This helps 
to significantly reduce the carbon footprint and offers financial benefits in the 
short to medium term, depending on system and location. Excess electricity, 
e.g. during the summer months, can be fed into the local energy grid. 

When installing a PV system on a building, rooftops are the most common 
area. If space is available, PV panels can also be located off the building on the 
property. The integration of an energy storage (e.g. battery storage) enables 
the use of solar power even at night. A PV system can be easily retrofitted to 
most existing buildings, provided that the structure can support the additional 
load. The investment costs for PV strongly depend on the size of the system. 
The payback period also varies between 5 and 20 years depending on size, 
self-consumption rate and storage medium. With regular maintenance, the 
service life of a PV system is between 20 to 25 years.

Despite high upfront investment cost, over long term, electricity provided 
from an on-site PV facility is currently cheaper than energy from the grid 
(approx. INR 4.6/kWh vs INR 6.9/kWh). The Ministry of New & Renewable 
Energy (MNRE) promotes several subsidy models to enable the integration of 
PV systems (e.g. Net-Metering Policy, roof leasing to RESCO Solar Models, 
PPAs). 

Fig. 16: Photovoltaics | Photo: betweenthelines / Adobe Stock
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3.2.2 LED LIGHTING
Implementing energy-efficient lighting like LED lamps can significantly 

contribute to reducing power consumption. LEDs have a high light output with 
comparatively low energy consumption (approx. 100 lumens per watt) and are 
infinitely dimmable. In addition, LEDs have a very long service life: between 
30,000 and 60,000 hours are possible. After that, LEDs start losing brightness, 
but can still be used. Even if the current purchase costs for LEDs are higher 
than for conventional lamps, the investment pays off after just a few years: 
payback periods of less than 5 years are possible. Another advantage of LEDs 
is their low heat generation compared to halogen or incandescent lamps, which 
reduces the need for additional cooling and ventilation of the building.

The technology of LED Lighting is already widespread and promoted by 
the government, which enhances the further implementation in the city. When 
looking on the feasibility on LED Lighting in the KMC Main Office Building, 
it is to mention that LED Lighting does have higher investment costs than 
conventional lighting, but a short payback period thanks to resulting energy 
savings. 

3.2.3 ENERGY MONITORING SYSTEM
Energy management systems (EMS) are used to monitor and evaluate the 

energy flows of a building. The energy consumption of building services such 
as heating, cooling, and ventilation, of pumps and lighting is recorded. This 
allows a detailed evaluation of the energy flows and helps to identify processes 
with high energy consumption. This data then supports the calculation of the 
building‘s carbon footprint and provides long-term monitoring. Many EMS 

Fig. 17: LED Lighting Retrofit | Gon LED 2017 Lighting Retrofit
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systems offer an evaluation for common certifications according to ISO 50001, 
and green building certification systems. Today, EMS are often integrated 
into building management systems (BMS) or building automation systems 
controlling building services. A well-calibrated system thereby ensures 
increased energy efficiency and improved room comfort by coordinating the 
systems with each other. Intelligent EMS or BMS systems can collect additional 
data through motion and temperature sensors to match cooling and lighting 
with actual outdoor climate and user activities and synchronise them in real 
time. This is particularly recommended for larger buildings. In order to enable 
the building users to keep control despite automated BMS, manual access can 
be granted via appropriate terminals. Zonal or room-based settings can also be 
developed using smartphone apps, which do not require technical expertise. 
The performance of the building can be displayed in real time for instance via 
screens in the entrance area.

3.2.4 E-CHARGING STATIONS  
The implementation of E-charging stations on site allows to recharge 

electric cars or bicycles with electricity from the grid or preferably with on-
site renewable sources. This encourages the use of electric rather than 
conventional vehicles. The measurement could also connect to the existing or 
planned network of e-charging stations across Kochi. 

Implementation of E-charging stations contribute to Kerala’s Government 
Led Action to Demonstrate Feasibility (first phase of Kerala‘s Electric Mobility 
Policy) and takes the increasing demand of car sharing into account, which is 
predicted to increase dramatically in the next five years.

Fig. 18: Energy Monitoring System  | Photo: Bable 2021, Building Energy Manage-
ment System
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This measure involves comparably high investment costs and the economic 
benefits for the building operator are relatively limited. However, the Keralan 
government is promoting e-mobility within its Electric Mobility Policy which 
could allow for potential collaborations and subsidy. Hence integrating charging 
stations at the KMC building would connect to an already ongoing promotional 
process within the region, leveraging scaling effects within the city and beyond.

3.2.5 GREEN ROOFS  
Green roofs aim to improve the thermal comfort in the building and its 

immediate surroundings. They absorb rainwater, which is slowly evaporating, 
providing a local cooling effect, compensating for soil sealing and relieving 
local sewer system through their storage capacity. In addition, green roofs are 
biodiversity shelters notably for pollinating insects. 

The effect of green roofs can be improved in combination with rainwater 
harvesting systems and permeable paving in the local landscape. When 
implementing green roofs, it has to be considered that they are in many cases 
‘competing’ for space on rooftops with PV systems – however, combinations 
are possible and widespread.

Feasibility varies depending on the type of roof and the type of green 
structure (extensive or intensive vegetation). Load capacity of the roof structure 
must be considered accordingly to avoid high cost. In addition, maintenance 
cost must be taken into account, when calculating the feasibility and investment 
cost. Cost for maintenance is highly dependent on the type of vegetation (very 
low for extensive and high for intensive). 

Fig. 19: E-Charging Station  | Photo: Heinz / Adobe Stock

Fig. 20:: Example of a green roof  
| Photo: sunflowerey / Adobe 
Stock
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3.2.6 RAINWATER HARVESTING  
Rainwater harvesting aims to collect rainwater to reduce potable water 

consumption and wastage. It relieves stress from local sewer systems during 
heavy rainfalls and increases water security in case of draughts. Combined 
with water saving technologies such as low-flow fittings, grey water reuse 
within the building can drastically reduce potable water wastage. 

The investment costs and the technical implementation of rainwater 
harvesting depend on the scale of the system, and the technical equipment 
used.  As the water tanks are often located underground or on rooftops, 
visibility is relatively low for the public, depending on the design of the solution

.

3.2.7 REFLECTIVE SURFACES  
Bright surfaces on buildings and outdoor areas reflect solar radiation 

and enable lower indoor and outdoor temperatures. This reduces the need 
for mechanical cooling in the summer months. Designs of this kind are well 
known, for example, in the Mediterranean region. In densely built-up urban 
areas, reflective surfaces help to reduce heat island effects. This measure is 
particularly suitable for roofs but also for other exterior surfaces, such as the 
paving of parking lots and streets. The brighter a surface, the less heat will be 
absorbed by the building‘s roof, walls and its surroundings, as solar radiation is 
reflected. With consistent implementation, up to 10% of energy savings can be 
achieved through a reduction in cooling needs.

Fig. 21: Rainwater Catchment Tanks | Photo: https://www.ul.com/services/certifica-
tion-services-rainwater-catchment-products
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3.2.8 EXTERIOR SHADING  
The aim of exterior shading is to improve thermal and lighting comfort 

inside the building, and thereby increasing user well-being and work efficiency. 
Exterior shading directly reduces the need for AC and mechanical ventilation 
and by this makes the building more energy efficient, which lowers the building’s 
CO2 footprint.

Solar shading minimises solar radiation entering the building through 
transparent surfaces. Solar shading elements can reduce the mechanical 
cooling requirement by up to 30% in warm months. Solar shading can consist 
of façade elements (ledges, cantilevers, lamellas, etc.), movable systems 
(external blinds, roller shutters, horizontal elements, etc.) or can be designed 
as façade greening. In general, movable systems are more user-friendly and 
efficient than fixed elements. External sun protection is preferable to indoor 
solutions as they offer higher insulation capacities. Automated systems, 
especially in combination with solar sensors, offer dynamic sun protection that 
automatically adapts to building use and outside conditions.

Fig. 22: Reflective Surface | Photo: https://roofingmagazine.com/membrane-re-
stores-existing-metal-roofs/

Fig. 23: Wood shading | Photo: Mitch Shark / Adobe Stock
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3.2.9 CONTROLLED NATURAL VENTILATION   
Controlled natural ventilation (CNV) is a cost-effective and energy-efficient 

alternative to mechanical ventilation systems. A conversion often requires 
only little system engineering effort. A CNV enables natural air exchange, 
which takes place via automated and intelligent control systems steering the 
automated opening of the windows. A CNV therefore depends on several 
climatic indoor and outdoor parameters, which are recorded by sensors (e.g. 
exterior and interior temperature, CO₂ concentration in indoor air, etc.). This 
way, a CNV can contribute to increased indoor comfort by supplying fresh air 
directly from the outside. The basic principle of a CNV is based on pressure 
and temperature differentials between the outside environment and the interior 
of the building. By taking advantage of the wind pressure on the building shell, 
the chimney effect generates natural ventilation. During night hours, a CNV can 
provide cool night air to the empty building in summer, which then is stored in 
the building structure and provides a pleasant indoor climate the following day. 
This presupposes that appropriate storage facilities (e.g. concrete cores) are 
available. Although natural night cooling is ideally controlled by an automated 
CNV system, it can also be operated manually. Compared to mechanical 
ventilation systems with heat recovery, operating costs, and initial investment 
costs for a CNV are up to 25% lower. CNV systems also significantly reduce 
maintenance costs.

 
 
 
3.2.10 PERMEABLE PAVING  

Permeable paving contributes to flood resilience by avoiding water logging 
and relieving the city’s sewer systems. By improving the infiltration capacity 
of the ground, groundwater recharge is supported to prevent draughts and 
biodiversity loss. Examples for permeable paving systems are e.g. grids of 
concrete pavers and void spaces filled with sand or gravels, aggregates of large 
stone particles and concrete with interwoven pore spaces. Permeable paving 
can replace impermeable surfaces such as asphalt, concrete or traditional 
stone or brick paving, and are in many cases laid out on a bed of sand or gravel 
to enhance drainage properties.  

An integrated system combining permeable paving, rainwater harvesting 
on-site and green roofs, can enhance resilience of the building plot, both with 
regard to heavy rainfalls and extreme heat events.

Fig. 24: Natural Ventilation | Photo: beepindia.org/technologies-n-tools/natural-ventilation/
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3.2.11 BICYCLE PARKING  
Safe and visible bicycle parking facilities on-site are crucial to promote 

cycling as a healthy and sustainable mode of transport. Proper bike parking 
facilities prevent theft and damage caused by disorderly parking on the street. 

Integrating bike parking infrastructure on site must be included in early 
planning process with the landscape design. Then, the need of accessibility 
infrastructure such as access ramps and rain protection can be integrated. 

For implementation, it is important to ensure that the location is protected 
from traffic, theft and from rain and wind. Therefore, parking racks should 
be located close to the building in a roofed area. The investment costs vary 
depending on the type of parking rack used, based on theft protection level 
and space efficiency. Further, the bike parking facility should also provide 
e-charging stations for people arriving with e-bicycles, which is especially an 
alternative in hot and humid climates such as Kerala.

Fig. 25: Bike Parking at Alewife Station, Cambridge, MA, USA | Photo: : tr.m.wikipe-
dia.org/wiki/Dosya:Bicycle_parking

Fig. 26: Permeable Ground | Photo: kitthanes / Adobe Stock
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3.2.12 ACCESSIBILITY  
Accessibility for all, especially for differently abled persons and the elderly, 

is not only important for a public building with high visitor traffic but also a key 
pillar of sustainable and green construction.

Ideally, measures promoting accessibility are considered in the early 
design stages of the building. Measures are, for example, adequate width of 
doors, sufficient width of hallways, provision of ramps with adequate slopes, 
accessible switches and handles, and provision of parking spaces. Definite 
measures required for buildings are defined in local codes as well as in the 
NBC. 

Government of India launched the Accessible India Campaign, aiming 
to achieve universal accessibility for persons with disabilities across the 
country, with several flagship projects already implemented across Kerala. 
 
 

 
 
 

3.2.13 SUSTAINABILITY HUB  
A dedicated space aiming to educate on green buildings and sustainability 

issues could support raising awareness of students and the interested public. 
A ‘sustainability hub’ informs about global, national, and local pressing 
environmental issues and presents practical solutions that can get implemented 
locally. Also, it is a space where events can take place, connecting local 
practitioners and decision makers.

The sustainability hub functions as an info point, with its staff curating 
exhibitions, organising, and facilitating events, as well as an outreach to financial 
or technical partners in order to strengthen networks and communication. 

Such a sustainability hub is best implemented at a building where green 
solutions can get showcased and information on other lighthouse projects 
across the city or region is provided. Costs and efforts of implementation 
vary, but require a constant budget and staff curating exhibitions, events, and 
workshops for local stakeholders.

Fig. 27: Outdoor Accessibility Solutions | Photo: 
axislifts.com.au/outdoor-accessibility-solutions/

Fig. 28: Sustainability in practice | Photo: nudge-
sustainabilityhub.com/initiatives/2015/5/18/hafenci-
ty-sustainable-city-in-practice
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3.3 Integration model: Combination of green 
measures

Three integration models were developed, providing a combination of 
measures proposed for implementation on the KMC building: a base scenario, 
with low-cost measures easily implemented and mainly focusing on the KMC 
building’s ‘pavilion’, a stretch scenario, requiring increased funding and effort, 
and a pioneering scenario, which comprises of the full package of measures 
presented above.  

3.3.1 BASE SCENARIO
The Base Scenario focuses on the pavilion adjacent to the main building, 

which is hosting a Sustainability Hub. It encompasses several low-cost, yet 
highly visible measures from the main levels of intervention. The use of green 
infrastructure such as permeable ground, natural ventilation and reflective 
surfaces increases biodiversity and mitigates air pollution. It also reduces the 
heat island effect in the surroundings of the building. The base scenario also

Fig. 29: Base Scenario | Graphic: BuroHappold, 2021 
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includes energy efficiency measures by including LED lighting. 
Furthermore, PV panels are considered as the investment costs could be 
reduced considerably through subsidy programmes. In addition, promotion of 
accessible design across the building builds a baseline for non-discriminatory 
access for all. As an option for the base scenario, the measures shown can 
also be implemented only at the pavilion, to showcase the solutions and reduce 
implementation costs. Though actual benefits on the main building would be 
low, awareness will be raised and scaling effects for implementation on other 
projects can get leveraged. 

3.3.2 STRETCH SCENARIO
  The Stretch scenario includes all measures from the Base scenario shown 

above and combines them with costs-effective passive design measures 
reducing the need for AC and mechanical ventilation.  Measures included are 
reflective surfaces on the rooftop and façade contributing to interior thermal 
comfort, while integration of a natural ventilation concept enables airflows

 

 

Fig. 30: Stretch Scenario | Graphic: BuroHappold, 2021 
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across the building. Both concepts can get implemented also in late project 
stages. Furthermore, implementation of a rainwater harvesting concept links 
the already planned water tanks on the rooftop with a more comprehensive 
concept, effectively reducing freshwater consumption.

3.3.3 PIONEERING SCENARIO
 The Pioneering scenario combines all measures mentioned above and 

offers a holistic approach to sustainability, incorporating all the measures 
discussed previously. Here, another function is added to the roof through the 
provision of a green roof for further decreasing the heat island effect in the 
surroundings of the building. In addition to the bike parking facility, e-charging 
stations are provided to highlight the project’s ambition on sustainable mobility.   

Fig. 31: Pioneering Scenario | Graphic: BuroHappold, 2021
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The strategic creation of a visible green building landscape in Kochi would 
be a valuable contribution towards the mitigation of climate change on a local 
level and the adaptation to the effects of climate change at the same time. 
Fostering the implementation of lighthouse examples in retrofitting and new 
constructions will leverage scaling effects, by giving practical examples for the 
feasibility of green building measures, and their added values to buildings. The 
KMC Main Office Building can serve as a role model for others to follow. To 
achieve the maximum scaling effects, the activities should be accompanied 
by a series of dissemination activities, which will be outlined in the following 
sections. With help of a strategic green building development model, KMC 
will leverage scaling effects with regard to the preservation of ecological 
values within the city, climate change mitigation and for the adaptation of 
neighbourhoods to climate change effects. Beside this, main aspects to be 
addressed would be

 › The increase bio-diversity in neighbourhoods,
 › The integration of ecological values into existing and to future 

buildings,
 › The increase of climate resilience of building stock,
 › The high visibility of green building capacity in Koch.

4.1 Lighthouses as demonstrators
To strategically develop green buildings in Kochi as inherent part of the 

urban built and green system, there is a need to create visible examples of a 
green building approach. 

4.1.1 CREATION OF A VISIBLE GREEN BUILDING LANDSCAPE IN KOCHI
Even if not rated with a green building certification, Kochi already has 

green building examples to be visited. In many building projects of all scale, 
green building aspects can be seen and studied. They are varying from large-
scale commercial developments, resorts, or private houses. As there are not 
many holistic green buildings in place, many buildings are using incremental 
approaches. E.g. some of them are using passive cooling measures, local 
materials or vegetation as integral part of a cooling concept. Others are 
activating roof spaces for vegetable gardens or recreational functions. Some 
are also planned as energy sufficient office spaces with no additional need for 
cooling. And also with its local building traditions, Kochi has still many examples 
in places, that need to be highlighted for a wider audience and that could be 
seen as a starting point to develop an unique green building concept in Kochi. 
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To create a database of implemented green building measures that makes 
them visible for other people that might be interested to include them into their 
building or retrofitting plans, is the main purpose of this dissemination measure. 
Possible front-end products could be flyer, leaflets, the integration into KMC 
Website or the Creation of a Green Building Kochi App.

 
 

4.1.2 IMPLEMENTATION OF GREEN MEASURES IN EXISTING PUBLIC AND INSTITUTI-
ONAL BUILDINGS 

To foster the implementation of green building measures in Kochi, there is 
a clear need for a higher number of visible examples. As the concept of green 
buildings seems to appear too abstract and complex for many individuals, built 
examples would act as ambassadors for a new sustainable way of planning and 
building. To accelerate the planning and implementation in Kochi, esp. public 
and institutional buildings could act as lighthouse projects. The main advantage 
here is, that those institutions often have the capacity to plan and implement 
such building activities and to ensure the provision of needed investments. As 
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Fig. 32: Creating visibility of implemented green building aspects in Kochi to showcase examples for others to follow  | 
Graphic: TU Berlin, Efia Faschina, 2021
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those objects are comparatively larger, the direct impact of interventions here 
would be comparable larger then in private homes.

The main reason why the promotion of green building activities in public 
and institutional buildings is recommended, is the high level of visibility and 
publicity. Every day, administrative buildings, office buildings, town halls, 
schools, universities, libraries, theatres, etc. are frequented by a large number 
of visitors from all parts of the city’s society – be it income, gender, age or 
religious groups. People who come and use those buildings – as employees, 
visitors, regular users, students – will experience the benefits of sustainable 
and healthy ways of building and will be encouraged to follow the examples 
based on their capabilities; some might be only able to switch to LED lights in 
their home, others might be convinced to implement natural ventilation instead 
of costly AC, another one might be inspired by green use of rooftops. The main 
focus therefore should be on the public areas, where measures could unfold 
higher visibility.

Public buildings as pioneers for green buildings in Kochi 
for others to follow. Creating an experience of green 
buildings for public and private institutions and indi-
viduals to make them aware of the scope of options 
and solutions to create sustainable and healthy spaces. 
Showcasing a set of replicable measures/solutions. 

Communication and infotainment concept. KMC Buil-
ding as “Third teacher” for green buildings. Make visi-
tors and users feel and experience the values of green 
building concepts. Make visitors and users understand 
the “how to”

Impact 
Mitigation  + + + · ·
Bio-diversity  + + · · ·
Water harvesting + + + · ·

Needs 
Water   + + + · ·
Sunlight  + + + · ·
Nature of Grounds + + · · ·
Maintenance  + + + + ·

Costs 
Implementation  + + + + ·
Maintenance  + + + · ·

1.2 | Public Buildings

GREEN BUILDINGS18

Open Spaces

Public Buildings

Approach and Relevance

 3 Mitigate air pollution and CO2 emissions
 3 Avoid soil sealing and improve local flood resilience
 3 Prevent local water pollution
 3 Lower energy expenses
 3 Increase building user health and well-being
 3 Lower air pollution

sewer system during heavy rainfalls; raise awareness 
and encourage uptake; raise awareness about the im-
plementation of on-site renewables 

City & Region
offset CO2 emissions and air pollution; reduce potable 
water wastage; relieve energy grid, lower demand pe-
aks, reduce urban carbon footprint; relieve energy grid, 
lower demand peaks, reduce urban carbon footprint

An incremental green building concept at KMC 
New Office Building could showcase a role mo-
del of water-sensitve design that could be ad-
opted to retrofit public or private buildings in 
Kochi.

Scales of Impact

Building
increase on-site biodiversity, increase building user 
health and well-building, prevent flooding; lower long-
term potable water expenses, prevent flooding; lower 
energy expenses, improve comfort and well-being for 
building users; lower energy expenses, increase resili-
ence to power cuts, potentially increase indoor air qua-
lity (in case of air pollution from on-site combustion)
 
Neighbourhood & District
lower air pollution, increase local biodiversity, increase 
flood resilience; increase local flood resilience, relieve 

19GREEN BUILDINGS

Open Spaces

Public Buildings

Collect rainwater to reduce potable 
water consumption and wastage.
Relieve local sewer systems during 
heavy rainfall. Increase water secu-
rity in case of draught. Combinati-
on with green roofs and permeable 
pavings can improve local flood re-
silience and relieve sewer systems.
Combination with water saving tech-
nologies and grey water reduce pota-
ble water wastage.

Improve thermal insulation comfort
Sponge effect: absorb rainwater and 
release it slowly, compensate for soil 
sealing, relieve local sewer system.
Slow water evaporation creates local 
cooling effect; Biodiversity shelter 
notably for pollinating insects. Com-
bination with rainwater harvesting 
and permeable pavings can improve 
local flood resilience and relieve se-
wer systems.

Reflect solar radiation and lower in-
door and outdoor temperatures. Re-
duce need for mechanical cooling du-
ring warm months; Help reduce heat 
island effect in dense urban areas; 
Combination with other passive de-
sign measures to improve thermal 
comfort and work efficiency. Combi-
nation with passive design measures 
and energy related technologies, can 
shrink the carbon footprint.

Fig. 33: Green building aspects need to be visible. Their positive impacts must be communicated, e.g. via information boards or 
Green Building Catalogues.  | Graphic: TU Berlin, Efia Faschina, 2021
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Furthermore, public funds for green building and sustainable urban 
development could be strategically directed into such project. This 
investment could be seen as seed money to leverage private investment 
in follow-up projects on different scales. By creating visible role models to 
communicate the feasibility and qualities of green building measures, KMC 
could actively support the growth of the green building landscape of Kochi. 

4.1.3 CREATION OF GREEN BUILDING SHOW ROOMS
As described as one of the proposed the measures, local show rooms 

could not just facilitate the dissemination of green building aspects to a broader 
audience, but also encourage the dialogue between experts and interested 
people and distribute needed knowledge for implementation of green building 
approaches and technologies. Ideally, those showrooms are attached to a 
public or institutional building, to ensure a high visibility.

The main function of a show room is to exhibit the existing green building 
landscape of Kochi and to provide information on:

 › Different typologies of green building measures,
 › Typologies and location of implemented green building measures in 

Kochi,
 › The common benefits of green buildings regarding climate change 

mitigation,
 › The individual benefits of green buildings regarding adaptation to 

climate change effects, and climate resilience,
 › Know-how and do-how,
 › Local expertise in implementation, e.g. builders and craftsmen that 

are able to implement and maintain. 

If they have the spatial capacity, those showrooms could also be places 
for local trainings, expert dialogues or other public formats. They should be 
embedded into a broader awareness landscape, supported by a green building 
landscape map, information material and social media campaigns. By creating 
a high visibility of the showrooms, the implementing institutions will gain 
direct benefits from it, as they will stand for their engagement in sustainable 
development of Kochi.
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4.2 Green building White Label
4.2.1 CREATION OF A WHITE LABEL FOCUSSING ON “LOW HANGING FRUITS” AND 
QUICK WINS 

A so-called White Label certification does not intend to replace or represent 
any other certification system on the market. A White Label can provide a 
common baseline of specific sustainability standards for construction projects, 
which do not aim for a certification by one of the internationally recognised 
labels. However, it could already be  a valid sustainability check and can 
be considered as an entry level assessment for a recognised certification. It 
can take into account and evaluate fundamental criteria of green buildings 
and neighbourhoods, to provide an affordable and low-barrier sustainability 
baseline for buildings within the KMC. The White Label can later be extended 
to a certification by DGNB, LEED or BREEAM, but can also remain as a 
standalone label, ensuring that a baseline of common standards is met. Most 
green building rating systems approach building materials from an ecological 
perspective, looking at their composition and potential infiltration of chemicals 
into the environment. Smaller, pioneering green building rating systems 
already offer extensive material-related criteria. “Living Building Challenges” 
for instance is an American internationally available rating system which rates 
building materials on five aspects:

 › Red List: chemical safety and sustainability 
 › Responsible materials: embodied carbon accounting and carbon 

offsetting 
 › Responsible Sourcing: sustainable resource extraction and fair 

labour practices 
 › Living Economy Source: supply distance limitations and promotion 

of local economy 
 › Net Positive Waste: collection of wate materials, reuse and 

recycling 

Similar criteria could be integrated in a white label adapted to the context 
of Kochi to encourage a more careful use of building materials and resources. 
Additionally, basic green building principles such as the use of energy-efficient 
lighting, natural cross ventilation and the green utilisation of roof spaces could 
be part of a newly created White Label for Kochi. One factor that should be 
included is flood resilience. This should include aspects of building material, 
foundation of buildings and the ground floor usages.

An exact assessment may be difficult to achieve, given the lack of 
material data, but simple aspects such as type and provenance could already 
be considered. A single building certified with a White Label might have a 
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comparatively small impact. But as the certified solutions should be easy and 
cheap to implement, the potential scaling effects are high. The White Label 
should be anchored in local building bylaws and can be promoted and explained 
in green building showrooms.

4.2.2 INTEGRATION INTO PLANNING BYLAWS
The promotion of green buildings on the municipal level requires to set a 

clear definition of the term. In the Climate Smart Cities Assessment Framework, 
green buildings are defined as buildings, that comply with an established Indian 
or international green building rating system. However, these ratings systems 
often fail to generate wide-spread engagement as they require high technical 
expertise, additional paperwork, and costs. Yet buildings involving bioclimatic 
construction, local and sustainable materials or renewable energy production 
do exist in Kochi, despite never obtaining a certification. By By 

introducing a baseline set of criteria for green buildings, the municipality could 
lower barriers for the adoption of green building measures. The KMC should 
be encouraged to integrate a few qualitative green building criteria in municipal 
bylaws by specifying them. This could happen regarding the ‘Energy and Green 
Building’ indicators of the Climate Smart Cities Assessment Framework, or by 
establishing a White Label as mandatory for building permissions.

The municipal promotion of green buildings could rely on several incentive 
actions embedded in construction bylaws. This could include funding or penalty 
schemes, feed-in-tariffs for renewable energy production, or the creation of 
green building stakeholder committees affiliated to national or international 
green building associations to spread awareness. A ‘White Label’ or bespoke 
certification system can be considered as an alternative to international market-
leading systems.  

 
 Fig. 34: Low-tech, high impact: White Label for Kochi. | Graphic: TU Berlin, Efia 
Faschina, 2021
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4.3 Awareness
Raising local awareness and engagement appears to be one of the main 

challenges to the implementation of green buildings and flood resistance. A 
set of short to medium term measures can provide a framework to ensure 
engagement and awareness, disseminate knowledge, and coordinate 
emergency action. 

4.3.1 INFORMATION CAMPAIGN TO EDUCATE ON BENEFITS OF INTEGRATION OF 
GREEN BUILDING ASPECTS

 Raising awareness, creating understanding, and providing technical 
knowledge to local administrations, businesses and residents are among the 
most challenging aspects of sustainable construction and green buildings. A 
wealth of knowledge on green and flood resilient construction already exists 
in the context of Kochi and Kerala. However, it appears that the available 
information is fragmented and difficult to access in an orderly manner, making it 
a challenge to build wide-spread capacities among local residents, institutions, 
and stakeholders. A ‘one-stop-shop’ online information platform can aggregate 
the knowledge that already exists and disseminate it in a structured and 
integrated manner. Different modes or sections can dispense specific advice 
for different user groups (residents, building owners, businesses, local decision 
makers, etc.). 

The platform could furthermore be supported by analogue information 
material (e.g. brochures, leaflets) and digital information campaigns, focussing 
on the utilisation of social media channels. 

C L I M AT E  C I T I E SS M A RT
An incremental green building concept at KMC New Office Building showcasing a role 

model of water-sensitve design that could be adopted to retrofit public or private 
buildings in Kochi.

LEARN MORE

About Background Concepts & 
Certificates

Catalogue Scaling Effects Downloads Search

Photovoltaics

LED Lighting

Energy Monitoring 

E-charging station

Green roofs

Rainwater 
Harvesting

Reflective surfaces

Reflective surfaces

Exterior shadings

Natural ventilation

Permeable ground

Fig. 35: ‘One-Stop-Shop’: Distribution of Information on green building measures to 
raise awareness | Graphic: TU Berlin, Efia Faschina, 2021
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4.3.2 CONDUCTION OF ‘GREEN BUILDING TOURS’ THROUGH THE GREEN BUILDING 
LANDSCAPE OF KOCHI

There is already a green building landscape available in Kochi, that needs 
to be made visible and accessible. While a digital database and supportive 
print and online material allow to initiate a linear stream of information, a more 
immediate and dialogic format would allow to distribute first-hand experiences 
and information. Such a measure could be the ‘Green building tours’. Guided 
by actual persons or through an online application, participants will explore the 
green building landscape of Kochi and visit built examples of green building 
measures.

By this they will be able to:

 › Gain knowledge about available solutions and their characteristics,
 › Experience the functional qualities of green building measures,
 › Learn about the needed efforts and costs to plan, implement, and 

maintain certain solutions,
 › Access local knowledge networks on green building measures
 › Be inspired to take action themselves. 

Such tours would be of interest for children and students to learn about the 
design of their built environment. Private individuals could relieve concerns 
against green building measures and experience their impact on household 
income, personal wellbeing, and value of their property. Private developers 
and official planners can learn about relevant aspects of planning, building 
and maintaining green buildings and include learnings from the tour into their 
professional work to foster green building approaches.

Fig. 36: Exploring the green building landscape of Kochi: Green building tours will 
highlight pioneering examples. | Photo: TU Berlin, Marcus Jeutner, 2020
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4.3.3  CREATION OF AN IMPACT CALCULATOR (“WHAT IF YOU AND YOUR NEIGH-
BOURS WOULD…”)

One of the main concerns of individuals and institutions against green 
buildings is the question of the cost-benefit ratio. As the addition of green 
measures will firstly create more planning effort and higher investment costs, 
many potential target groups refrain from building in a higher standard than 
the minimum requirement. The qualitative and quantitative benefits of such 
solutions might be discussed publicly and broadly, but the benefits are often 
appearing too abstract and hypothetically.

Therefore, a simple ‘Input Calculator’ should be developed, that allows 
interested individuals to describe and calculate the baseline of their existing 
or planned building. In an additional step, they could add incrementally green 
building measures to their project, e.g. green roof, NVC, permeable paving, 
exterior shading, water management system. The calculator will display 
the estimated additional costs, with regard to their baseline and thirdly, the 
estimated returns of their investment. It will highlight how much water, building 
material or electrical energy will be saved over the lifecycle of their building. 
Additionally, it will also highlight soft benefits like questions of comfort, health 
and wellbeing.

The calculator also shows the impact of an investment regarding climate 
Change mitigation, e.g. by the reduction of greenhouse gas emissions. All in all, 
the calculator could be a simple to use tool to enable individuals to quantify and 
understand the personal and collective benefits of green building measures.

Fig. 37: Is it worth it? The Impact calculator will give an answer. Graphic: TU Berlin, 
Marcus Jeutner, 2017 
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4.3.4 FLOOD RESILIENCE ZONING MODEL
Over the last years, natural hazards, especially floods as aftermaths of 

long seasonal rains have caused tremendous damages to infrastructures 
and buildings of the Kochi region. One of the main reasons for the extent 
of damages are – past and recent – building activities in flood-prone areas. 
The vulnerability of certain areas is formed by geological, and topographic 
preconditions, the increasing amount of rainwater run-off in urbanized areas, 
the decreasing sponge capacities of the backwaters, and Kochi’s location on 
the shores of the Arabian Sea. Having in mind that extreme weather events will 
happen more frequently as a direct consequence of climate change, there is a 
clear need to adapt new and existing constructions to this challenge.

A ‘Flood Resilience Zoning Model’ should make the flood vulnerability of 
certain areas within the area of the KMC visible to individuals and builders. 
Secondly, it should give advice how to adopt existing properties and planned 
objects to these local vulnerabilities. With regard to the level of flood risks of 
a certain area, the model could formulate requirements for new construction 
towards the implementation of proactive measures to secure flood resilience of 
new buildings. Those e.g. could be:

Flood resistant building techniques are used to reduce or elimina-
te the risk of future � ood damage to buildings. Following are few 
prominent � ood resistant building techniques that each present 
their own unique bene� ts and challenges.

1.2 | Flood resilient zoning model

GREEN BUILDINGS22

Green Buildings Handbook

Flood resilient zoning model

Flood prone area map of Kerala Flood vulnerable urban areas of Kochi

The Urban � ood vulnerability zones identi� ed in Kochi 
City Corporation Area

Extent of vulnerability zones identi� ed in the Kochi City Corporation

Floods are the most common of natural hazard in the state. Nearly 14.5% of the state’s land area is prone to � oods, 
and the proportion is as high as 50% for certain districts. Flood resistant building techniques are used to reduce 
or eliminate the risk of future � ood damage to buildings. Following are few prominent � ood resistant building 
techniques that each present their own unique bene� ts and challenges.
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Green Buildings Handbook
Flood resilient zoning model

constructed below design � ood elevation to minimise 
damage.

Anchoring the foundation
The foundation of � ood resistant should have ade-
quate capacity to resist � otation, collapse, and perma-
nent lateral movement under the critical load combi-
nations. Furthermore, the foundation design of � ood 
resistant structures should depend on the geotechni-
cal characteristics of soil and strata beneath the foun-
dation and on the soil foundation interaction. Apart 
from lateral loads, foundation wall shall be designed 
and constructed to support buoyancy and vertical 
loads that imposed during design load conditions.

Building Siting
The � rst and most e� ective technique is to simply 
locate the building outside the � oodplain. For new 
construction, this can be accomplished by checking 
the � ood maps and avoiding building within the 
� oodplain.
 
Building Elevation
Signi� cant � ood resistant improvement can be 
obtained if the structure has the lowest � oors eleva-
ted to design � ood elevation. Design � ood elevation 
includes wave height relative to a datum determined 
based on the � ood hazard map of the area. Parking 
garages, buildings access, and storages are can be 

Flood resistant building design guidelines

Building on stilts is an e� ective strategy to make � ood resistant 
buildings

Anchoring 
the foun-
dation is 
essential 
to make 
the 
building 
withstand 
extra 
loads 
during 
� ood

Flood and landslide re-
silient housing in Kerala 
showing water ingress 
points in a house

Fig. 38: Schematic section: Building in vulnerable areas: The Flood Resilience Zoning Model gives answers to 
special requirements for constructions.| Graphic: TU Berlin, Marcus Jeutner, Efia Faschina, 2021; Based on: 
Centre for Earth Science Studies, ‘Multiple Hazard zonation Map Ernakulam’
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 › Typology of foundation
 › Building material to be preferred
 › Approval of basements and indoor-car parking
 › Approval of certain functions on ground-level
 › Sealing of the plot 

The consideration of the Flood Resilience Zoning Model could be mandatory 
for building permissions and should also be part of Kochi’s White Label for 
green building. The model could also be applied to the retrofitting of exiting 
building structures.

4.4 Dissemination of know-how
4.4.1 ESTABLISHMENT AND PROMOTION OF A GREEN BUILDING CHECKLIST FOR 
NEW CONSTRUCTIONS

The earlier specifications on green building solutions are integrated in 
project development, the better additional costs and complex design solutions 
are avoided. To provide a clear understanding of project requisites for 
municipalities implementing green building frameworks, the CSC project has 
developed a ‘Green Building Checklist’. Adhering to the checklist will enable 
projects to comply with:

 › Energy Conservation Building Code (ECBC 2017)
 › National Building Code (NBC) 2016, Chapter 11 – Approach to 

Sustainability
The checklist provides a template for municipalities willing to integrate 

relevant technical criteria in the tendering process and integrate them into 
the building specifications or contract with the respective agency or project 
developer. The checklist primarily targets new commercial and institutional 
projects with a focus on Kochi city.

The specifications presented in the checklist are divided into four stages in 
project development: (i) Pre-Design, (ii) Design, (iii) Construction / Execution, 
(iv) Operation and Maintenance. For each stage, tasks to be considered during 
the project development phases for different disciplines (e.g. architecture, 
MEP) are outlined and referred to the respective regulation in ECBC and/or 
NBC. 
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Checklist for Green Buildings
1– Roof
1.1 – Using high SRI (Solar Re� ective Index) � nishes on hard surfaces 
         exposed to direct solar radiation such as roof, roads and pavements.
1.2 – Green roofs
1.3 – Incorporate traditional design elements such as sloping roof, 
         recessed windows and horizontal shading for protection from heavy    
         rainfall.
1.4 – Enhance thermal performance of building envelope (walls, windows   
         and roof ) by using high U-Value wall materials, glazing, and 
         incorporating insulation layer.

2 – Ventilation and cooling
2.1 – Design the building openings to enhance natural ventilation
2.3 – Make provision for natural ventilation via operable windows and fans   
         so that thermal comfort requirement can be met on moderately hot      
         days.
2.4 – Design the electrical systems for energy 
         e�  ciency.
2.5 – Design for thermal comfort of the occupants either through active   
         cooling or through Indian Adaptive thermal comfort Standard. Air  
         conditioning systems for interior spaces intended for human 
         occupancy shall be designed for not more than 26°C for cooling. 

3 - Energy
3.1- Enhance thermal performance of building envelope (walls, windows  
        and roof ) by using high U-Value wall materials, glazing, and 
        incorporating insulation layer.
3.2- Design the electrical systems for energy e�  ciency.
3.3- Reduce energy consumption for lighting by integrating daylight in the  
        indoor spaces by keeping the � oor plates narrow and optimising
       openings in the façade while at the same time avoiding direct solar    
       radiation and glare.
3.4- Reduce energy consumption and enhance thermal comfort by 
       adopting vernacular design elements such as verandas, courtyards 
       and semi-open spaces such as Charupadi
3.5- Reducing the lighting power density (LPD) of arti� cial lighting by   
      using high e�  cacy luminaires such as LED based lighting � xtures.

4 – Landscape design
4.1 - Design for visual comfort
4.2 - Reduce the surface coverage and  provide  areas for in� ltration 
         provide shade for the micro climate

5 – Watermanagement
5.1 - Develop and implement an integrated water 
         management strategy to optimise water 
         consumption in the building.
5.2 - Conduct a hydro-geological study, soil permeability and natural 
        drainage study of the project site.
5.3 -Develop a rainwater management strategy for project site to reduce    
        rainwater runo�  post development.

W
H

ITE LA
BEL

Fig. 39: A Green Building Checklist for Kochi. | Graphic: TU Berlin, Efia Faschina, 2021
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4.4.2 ESTABLISHMENT AND PROMOTION OF A ‘GREEN BUILDING HANDBOOK’ FOR 
RENEWAL OF EXISTING BUILDINGS

One of the key obstacles of scaling green building measures in Kochi is, 
that the green building initiatives are focussing on new constructions – mainly 
commercial – , while the main building stock is already existing and consists 
to a large share of housing. Due to this, only little information is available in a 
compact and precise manner, which can be accessed by individuals who are 
potentially interested.

The ‘Green Building Handbook’ is a collection of available solutions and 
visible examples. It describes the purpose and effects of certain measures, 
indicates costs, risks and benefits and informs about constructive requirements. 
The addressed solutions are referring to the White Label concept and are 
simple to implement and maintain. It provides easy to understand and to follow 
instructions, to enable the readers to adopt their own plans accordingly. In case 
there is a need for further detailing or even support for planning, construction 
and maintenance, the handbook also offers a list of certified specialists, like 
craftsmen, electricians, etc.

The target group for such a handbook is diverse. It mainly addresses 
the needs of owners, users and operators of buildings or flats. But also, 
professionals might be interested to have such a handbook as inspiration and 
working aide, e.g. for maintenance and refurbishment of commercial buildings
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.

G R E E N  B U I L D I N G  A P P R OA C H
TU Berlin, Marcus Jeutner, 2020

I M P L E M E N TAT I O N  O F  G R E E N  B U I L D I N G S 
A  G U I D E B O O K  TO  I N T E G R AT E  G R E E N 
M E A S U R E S  I N  E X I S T I N G  B U I L D I N G S

C L I M AT E  C I T I E SS M A RT

Fig. 40: Green Building Handbook: Collection of examples and instructions to implement green building measures in 
existing structures. | Graphic: TU Berlin, Efia Faschina, 2021
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4.4.3  TRAIN THE TRAINER PROGRAMME TO CREATE A POOL OF EXPERTS
The feedback of stakeholders during the Urban Design Thinking sessions 

and of experts during follow-up discussions have revealed, that one of the key 
obstacles in the promotion of green building measures is a lack of capacity at 
officials, builders, architects, and craftsmen. Therefore capacity building should 
be considered as a key measure to disseminate the concept of green building 
and to leverage scaling effects through replication. 

To achieve this, a training programme should be developed, focussing 
on the implementation of the created White Label. The training is following a 
train-the-trainer approach. Local training institutes will be trained to distribute 
the content of the White Label to authorities on district or ward level. At the 
same time, local craftsmen and builders could be trained on practical and 
applicational aspects. The trained participants will get green building experts 
and ambassadors themselves and will contribute to increasing implementation 
rates of green buildings in Kochi.

Green building trainings could also be held in schools or large companies, 
to spread the idea of sustainable use of buildings and resources, e.g. regarding 
the use of water, electricity, light or AC. This would be a contribution to a) 
encourage behavioural change and b) to an adequate usage of implemented 
green building measures focussing on the user perspective. Other scaling 
measures, e.g. the Handbook and the Green Building Tours, could be integrated 
into the training programme.
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Green Building Model

Training of local 
training institutes

Training of authori-
ties on ward level

Approaching Green building 
courses in schools

Training of local 
craftsmen

Green Building Summit Kochi

Fig. 41: From know-how to do-how: Train the Trainer programme on green buildings in Kochi. | Graphic: TU Berlin, Efia Faschi-
na, 2021
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4.4.4 GREEN BUILDING COURSES IN SCHOOLS TO TEACH GREEN AND VERNACULAR 
ELEMENTS OF BUILDINGS

Children are the consumers of tomorrow. Therefore, it is worth to integrate 
them into debates and concepts of more sustainable building and living. As 
their habits are not yet as entrenched as of adults, and their values are in a 
state of formation, there is a clear entry point to address questions regarding 
their future, and their active role in it. 

In the concept of a ‘third teacher’, the built environment is shaping the 
mindset and values of children. While using a green and healthy learning 
environment, they will be creating individual awareness towards green and 
vernacular building measures. They will be more conscious regarding their 
own consumption of resources and the causes of their own action. Besides the 
retrofitting of school buildings, special courses can be developed to address 
questions of green and vernacular building for young students. Also the Green 
Building Tours and the Green Building Showrooms could be included into this 
concept. The children will take these experiences back home and are given 
voice to make a change at home, too. By this, they are becoming young 
ambassadors for sustainability and local building culture.

At home At school

Look, we can actually cool 
our school without AC!

Mommy, the 
air condition is really bad for 

our climate - and for your health, 
too. Let’s open the 

windows!

Oh, I 
didn’t know 
that!

It s̒ so 
hot and humid, I can t̒ 

concentrate...

...and to 
mitigate climate change we need to 

lower our energy consumption

I ’m so excited to 
tell my parents what I’ve 

learned today

Fig. 42: Third teacher: Green school buildings and courses will creates awareness and 
consciousness among the adults of tomorrow.| Graphic: TU Berlin, Efia Faschina, 2021
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4.4.5 ANNUAL GREEN BUILDING SUMMIT IN KOCHI
The strategic development of a visible and vibrant green building landscape 

in Koch will create a statal, national and international visible expert status for 
KMC. The use of it would strengthen the position of Kochi as contributor to a 
sustainable global future by local actions, esp. with regard to the retrofitting of 
existing building stock. 

An annual Green Building Summit in Kochi can bring together local, 
national, and international experts to showcase and discuss efforts in green 
buildings. Through the involvement of other Municipal Corporations, politicians 
and builders, a national green building eco-system can be developed. 

While exchanging successful strategies and learnings on a national level, 
international experts could foster the dialogue and dissemination with other 
international examples with similar preconditions regarding the climate or 
status of development.

The green building summit will not just create a platform for discussions 
and peer learning, it will also make the green building landscape of Kochi 
internationally visible, by integrating green building tours.

GREEN BUILDINGS KOCHI 2022

INTERNATIONAL ANNUAL SUMMIT

OUR SPEAKERS

SHARE IDEAS WITH THE WORLD
EXCHANGE GREEN BUILDINGS STRATEGIES

REGISTRATIONS
Call  +91 10378821
www.website.in

23-25 March

AAA Center
73 Street
Kochi

C L I M AT E  C I T I E SS M A RT

Fig. 43: Annual Green Building Summit Kochi: Showcasing expertise and distribute 
learnings. | Graphic: TU Berlin, Efia Faschina, 2021

D R A F T
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4.5 Monitoring
4.5.1 IMPLEMENTATION OF A GREEN BUILDING MONITORING PLATFORM

Besides making the green building landscape visible, it is important to 
monitor it and quantify the success of the efforts to promote the increased 
implementation of green building measures. For this an annual monitoring cycle 
is proposed to collect the efforts. To communicate the success to a wider public, 
an interactive online dashboard could be implemented. The monitoring results 
can also be communicated regularly via print and social media or, highlighted 
internationally during the Annual Green Building Summit in Kochi.

Such a monitoring platform could reflect the following indicators:

 › White labels: number of awarded labels
 › Projects: number and size of implemented projects and their impact 

(energy savings, reduced emissions, harvested water)
 › Total impact: Quantity of saved energy and resources due to 

implemented green building measures
 › Exhibitions: number of visitors per year
 › Building tours: number of tours per year, number of participants per 

year
 › Building Handbook: number of downloads per year 

The monitoring platform should not just be a visual tool to communicate 
success stories. It should also act as working aid and decision making tool 
for administrative or political entities to prove the local success of their green 
building activities.
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Have poten�al
Planned
Under Construc�on
Implemented

GREEN BUILDING OBSERVATORY

Office building for Kochi Municipal Corporation
Location: Marine Drive, Kochi
     
Current Status
Typology:   Office Building
Plot:   li�ered, Construc�on site, Flooding, ceiling leaks
Floors:   under construc�on, open walls  
Roof:   under constrac�on, open

                              

     

Planned Interventions
Green Infrustructures: Green roofs,  landscape design/permeable ground  
Blue Infrastructure:  Rainwater Harves�ng, Wastewater management
Energy Efficiancy:  Passive design, Renewable Energy

    

Estimated Impact
Reduced emissions:  ...%/year    
Water Harves�ng: ...l/year    
Cooling Effect: 
    

Plot Area: 6,000 m2     
  

Status: under construc�on   
   

Implemented projects: 81      19  17                   12         10        14                   9 
No. of awarded labels: 54        16    14            6           5                      9                  4
Reduced emissions:     42%     51%              48%            35%                32%                 38%               40% 

Fort Kochi Green buildings in KMC Mattancherry Palluruthy Edappally Vaduthala

81
completed projects 2124 12 10 14

Vyttila

9

Fig. 44: Green Building Observatory as an approach to implement a Green Building Monitoring Platform. | Graphic: TU Berlin, Efia 
Faschina, 2021
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The green building solutions outlined in Chapter 3 have shown technical 
ways to transform an existing structure and its immediate surrounding of an 
institutional building into a more sustainable construction. Although the main 
focus of recent green building certification systems is on energy efficiency 
and greenhouse gas mitigation, blue and green measures like the green roof, 
the rainwater harvesting system and the permeable design of surfaces on the 
ground have shown aspects with relevance to todays and future questions 
of rainwater and stormwater management, which are elementary parts of 
integrative climate change responsive building approaches. 

The dissemination measures outlined in Chapter 4 have shown ways to 
upscale those technical solutions to other institutional or commercial, and even 
residential buildings in Kochi. By this, also the blue-green measures currently 
described on a building level can and have to be thought and implemented 
on a neighbourhood or even pan-city scale to achieve flood protection and 
adequate climatic conditions. 

As outlined in Chapter 1, Kochi has faced challenging situations when it 
comes to urban flooding. Due to its unique geographical location as a coastal 
city neighbouring the back waters, and the overall climate conditions, water 
is a key dominant aspect in the city – both from the ocean and as rain. Local 
flooding events as aftermath of heavy rains have repeatedly occurred in the 
last years, causing damages on buildings, neighbourhoods, and health and 
property of Kochi’s residents. As such events will increasingly occur in future 
as consequences of a changing climate, additional layers of action besides 
buildings need to be considered to make Kochi more resilient to regular local 
flood events.

As outlined in Chapter 2, buildings are playing a crucial role in a ‘sponge 
city concept’. But besides this, other layers of actions like the activation of 
green and open spaces or streets can contribute to sponge effects within a 
city. The following paragraphs provide a conceptual outlook on opportunities to 
implement the sponge-city aspects in neighbourhoods by focussing on green 
spaces and streets.

5.1 Open spaces as green and blue nodal 
points in a sponge city concept

The ongoing construction activities are reducing the share of greenery and 
thereby decreasing retention capacity of urban areas. Furthermore, the loss 
of urban vegetation is affecting the micro-climate as radiation is heating up 
surfaces due to the lack of shade. At the same time, the cooling capability of 



5 Sponge City: Buildings and what else? 735 Sponge City:  Buildings and what else? 70

the neighbourhood is decreasing as surfaces are becoming heat storages and 
cooling reservoirs (e.g., bushes, lawns, ponds, trees) are disappearing (see Fig. 
2 on page 10 concerning increased sealed areas in Kochi). Beside events of 
excess water, already today, water scarcity is an increasing issue, especially in 
the summer months. Private households are exploiting groundwater resources 
to water their plants and common green, which causes the groundwater table 
to significantly sink. The loss of retention spaces is increasing the amount of 
runoff-water even during soft rains, as water is no longer percolating, if private 
and public land gets more and more sealed by concrete surfaces. A major side 
effect of this development is a significant loss of biodiversity in the city, as 
space for all kind of species is getting lost.

To overcome those growing challenges, cities like Kochi have to develop an 
overall concept of interconnected green and blue spaces that enables the city 
to retrofit its urban green and blue infrastructures with a strategic approach. 
Furthermore a (re)connection with the regional water and green systems is 
needed (e.g. Western Ghats and Periyar National Park area). This would 
contribute to the city’s resilience and liveability. Small scale interventions on 
a neighbourhood level would allow an incremental development of a green 
system on a pan-city scale, blue interventions should happen simultaneously 
on a micro, meso and macro scale.

Open spaces serve multiple purposes in a city. The concept is the activation 
of existing open spaces – both public and private – to fulfil additional functions 
in the neighbourhood. As ‘green sponges’ they hold rainwater in place once 
it is falling from the sky or running off from streets and other surfaces. Once 
the water stays in places, it will be able to percolate over time into the ground 
instead of running off down the slope and flooding low-lying areas. 

Fig. 45: Activation of open spaces - sponge city concept  | Graphic: TU Berlin, Abhi-
nav Thakar, 2021
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If water is held in place, the activated parks will directly contribute to 
secondary effects such as: reduction of heat islands and the improvement 
of local microclimates, the improvement of air quality, maintenance of green 
spaces, groundwater recharge, and an increased awareness for blue-green 
infrastructures as measures to achieve sustainability on a neighbourhood 
level. Activated open spaces need to maintain their typological context and 
intelligently integrate green and blue measures accordingly. The activation of 
these multi-purpose spaces will add an additional layer and additional amenities 
and values.

5.1.1 PARK ACTIVATION – THREE LAYERS OF ACTIVITIES
Within a city-wide network of open spaces, every local small-scale 

intervention is directly contributing to an overall purpose (see Fig. XXX on 
incremental blue-green urban systems). To create a strategic network of green 
spaces and to implement the approach of a ‘sponge city’, several layers of 
intervention in connection with parks can be identified:

5.1.1.1 Defining locations: One of them is the activation and creation of 
open spaces itself. Various potentials to create small-scale open spaces  as 
well as the activation of underutilised green spaces in neighbourhoods (e.g., 
park, sports ground, community garden, botanical garden, etc.) should be 
targeted. This will ensure the future provision of multi-purpose green spaces 
in residential areas and common social spaces in growing communities. 
Furthermore, it will give a spatial platform to provide amenities for citizens and 
users of urban green spaces. Additionally, the activation of existing and new 
open spaces will also directly improve the biodiversity in the city and contribute 
to the improvement of local micro-climates. Lastly, healthy, and well-maintained 
urban green can support the absorption of air pollution and CO2 emissions.

5.1.1.2 Provision of water: The provision of enough water to create and 
maintain urban green, rainwater harvesting, and management is one of the 
key layers of intervention. These interventions should include the reduction 
of surface water runoff, as well as the creation of an integrated water cycle 
to ensure the use and re-use of water from several sources in various ways. 
This should be accompanied by integrated water management concepts for 
green spaces. By providing the source for greenery, this layer of intervention 
is directly contributing to the reduction of heat islands and the mitigation of air 
pollution and CO2 emissions. In this layer, the treatment and use of surface 
water, the collection and re-use of greywater and – in an advanced stage – also 
blackwater, could be possible measures. Furthermore, the de-sealing of existing 
open spaces to increase their water retention capacities and the development 
of local parks as rainwater storages will contribute to these approaches.
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5.1.1.3 Raising awareness: Not offering directly measurable impact on a 
green city, awareness of the values of blue-green infrastructures represents 
another key layer of intervention to leverage the benefits of green spaces. A 
long-term increase in awareness could be achieved through the co-creation 
of green spaces in neighbourhoods by residents and local stakeholders. This 
should be accompanied by educational measures focussing on residents and 
their impact on the ecological values of their neighbourhoods and the city’s 
blue-green systems. If successful, this could lead to the behavioural change 
of both residents and stakeholders towards a more eco-sensitive use of 
blue-green resources in Kochi. Possible measures could be the facilitation of 
community-driven development and maintenance of neighbourhood parks. To 
develop the capacities of involved stakeholders, communities or individuals, 
information and training material should be developed and distributed. Also, 
teaching aspects could be integrated into park designs and communicated 
through multi-media campaigns.

5.2 Physical Infrastructures
The introduction, but also the removal of physical infrastructure in a 

considerate manner will help to act as supportive elements to the green and 
blue urban system.  The main aim is on the one hand to reduce water run-off, 
which helps to protect lower-lying vulnerable areas, and on the other hand to 
channel water through pipes and specially designed streets, where no holding 
capacity can be installed.

Cooling

SIDE EFFECTS

Air quality

Groundwater 
Recharge

Health

Community
Building

Quality of Stay
Fig. 46: Small-scale interventions in neighbourhoods as parts of incremental blue-
green urban systems | Graphic: TU Berlin, Efia Faschina, 2021

Regenerate Waterways Ecological Value 

Diverse Typologies

Rainwater Harvesting Transit & Exchange
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5.2.1 GREEN STREETS
Through ‘Green Streets’ run-off water will get slowed down and directed 

into green elements where it can percolate or evaporate. As other green 
spaces, green streets will directly contribute to secondary effects: reduction of 
heat islands and the improvement of local microclimates, the improvement of 
air quality, maintenance of green spaces and groundwater recharge. 

 

If not enough space is available to create sufficient additional green 
elements where percolation and evaporation is possible, ‘Detention Streets’ 
should be installed. These collect the rainwater and channel the same to 
either lower-lying ‘Central Retention Areas’ or further to ‘Blue Streets’ were 
‘Cloudburst Roads’ or ‘Cloudburst Pipes’ are installed. 

Before ‘Blue Streets’ are discussed, the following outlines two cases of how 
to expand current streets into green streets.

5.2.1.1 Neighbourhood Roads: In such an example of a neighbourhood 
road, the layout is formed by an asphalt street surface and rather undefined 
spaces at its fringes, which are often used for car parking or waste dump 
sites. A sidewalk is not in place. The street scape is defined by closed walls 
– either by buildings or compound walls – which are separating public and 
private spheres and blocking runoff water. Additionally, a partly covered drain 
is running along the street. Due to the fragmented cover, it is getting clogged by 
litter which lowers its drainage capacities. Eventhough, roadside vegetation is 
not prevalent, the street signals a green image that is created by the vegetation 
of private grounds. 

Green Street Detention Street

Central Retention Area 

Fig. 47: Green Street Typologies and central retention area | Graphic: TU Berlin, 
Efia Faschina, 2021, based on Ramboll and Ramboll Studio Dreiseitl - Blue Green 
Interventions for the Municipality of Copenhagen
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By blue-green spatial interventions, the street could get a water-sensitive 
profile, which also directly contributes to other aspects of quality of stay, 
especially with regard to non-motorised forms of mobility. Green zones, 
sidewalks and organised parking facilities are implemented. To ensure 
water retention, a permeable pavement and an underground infiltration ditch 
system are added. Also, the parking lots should be permeable. Additionally, 
the roadside vegetation should be extended, and water outlets added for all 
boundary walls to ensure smooth water flows along natural slopes.

Fig. 48: Status Quo of neighbourhood roads | Photo: TU Berlin, Marcus Jeutner 2020 
|Graphic: TU Berlin, Abhinav Thakar, 2021
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Fig. 49: Water-sensitive transformation of neighbourhood roads | Graphic: TU Berlin, 
Abhinav Thakar, 2021
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5.2.1.2 Residential Roads: Being of smaller scale than neighbourhood 
roads, residential roads are providing less road space. Unfortunately, like in the 
aforementioned case infrastructure for pedestrians are missing. The narrow, 
unsealed spaces along the road has  little vegetation. Due to this, run-off water 
cannot percolate into the ground. Additionally, there is a lack of a continuous 
system of stormwater drains. 

To upgrade neighbourhood roads, blue-green elements can again be used. 
The private walls are improved to enable water flowing through or in case of an 
adjacent public space the introduction of a green wall is proposed. Additionally, 
traffic will be slowed down by speed limits and speed bumpers. By this, there 
will be no need for costly implementation of additional sidewalks. The surface of 
the road should be permeable, with supportive measures to filter run-off water. 
To support the micro-climate and biodiversity, and to enable water retention, 
extensive roadside vegetation and swales are added. 

Fig. 50: Water-sensitive transformation of residential roads | Graphic: TU Berlin, 
Abhinav Thakar, 2021
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5.2.2 BLUE STREETS
In case the run-off water and cloudburst water cannot be handled within 

the existing streets due to limited available space,‘Cloudburst Street’ can be 
introduced. They have the unique shape of a V-profile and transport the water in 
the middle of the road to lower lying areas which can handle the water surplus. 
‘Cloudburst Pipes’, lay underneath the surface and also transport the water in 
an effective manner to a suitable location. These should only be applied if more 
cost-effective on surface solutions are not available.

5.3 Canals as backbones of blue and green 
Infrastructure

Run-off and Cloudburst water that cannot be held in-situ within parks or 
along roads has to be channelised either to lower-lying ‘Central Retention 
Areas’ as mentioned above or in the case of Kochi, it could also be directed into 
canals - in case they have similar carrying capacity - which can then transport 
the excess water into the backwaters or the open sea. . 

Fig. 51: Blue Street Typologies | Graphic: TU Berlin, Efia Faschina, 2021, based on 
Ramboll and Ramboll Studio Dreiseitl - Blue Green Interventions for the Municipality 
of Copenhagen

Cloudburst Street

Cloudburst Pipes
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Canals, form the backbone of Kochi’s urban morphology and transportation 
ways since decades. Over the time and under the pressure of urbanization 
canals were encroached upon by roads and private construction. This has led 
to severe flood events in recent years. Against this background in 2019 the 
‘Operation Breakthrough’ was initiated under the lead of the Minor Irrigation 
Division in Ernakulam. Among others, the ongoing mission desilts major 
canals and partially increases bed depths of canals like the centrally located 
Mullassery Canal. 

The current intensive interventions are commendable and of high priority. 
However, it is recommended to even integrate the surrounding areas,  and 
acknowledge them as important water catchment areas and integrate them into 
the concept. Blue and green streets, and private and public green spaces can 
play an important role in retaining and channeling water, as presented in the 
previous chapters. Furthermore, it could be identified where space is available 
to re-naturise canals. The latter has the potential to allow an increased water 
carrying capacity, provide water retention capacity (sponge effect) and also 
makes the fringes accessible and enjoyable for the citizens and visitors of 
Kochi. 

These nature-based solutions should be accompanied with awareness 
creation to reduce waste disposal in the canal, streets, and open spaces and 
to increase the awareness for biodiversity and for the value of multi-functional 
spaces. 

The implementation of multi-functional green elements and water 
channelling features in streets, parks, and canals will directly contribute to the 
image of neighbourhoods and to the improvement of the quality of life and 
wellbeing of local residents. 

Fig. 52: Renaturation of existing channel | Graphic: TU Berlin, Efia Faschina, 2021 
based on Ramboll and Ramboll Studio Dreiseitl - Blue Green Interventions for the 
Municipality of Copenhagen
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5.4 Outlook
Open and green land is a valuable and vulnerable resource in growing 

cities like Kochi. Their activation will enable these spaces to fulfil their 
ecological functions in the future as green lungs of the city, as recharge areas 
for groundwater, as habitat for flora and fauna, and a strong measure towards 
local flood protection. Their strategic utilisation to strengthen a climate-resilient 
and sustainable baseline and to create green linkages by connecting them 
with green streets is a main task for planners and cities’ administrations. 
This network of activated open spaces and green streets could serve as a 
spatial entity, that allows KMC to retain, distribute and infiltrate runoff water 
within the city and by that to prevent regular local flooding. Another important 
aspect to replicate and adapt these green measures is the creation of public 
awareness towards blue-green aspects. With help of a strategic spatial 
development model, KMC will be able to everage scaling effects with regard to 
the preservation of ecological values within the city, climate change mitigation 
and for the adaptation of neighbourhoods to climate change effects. Beside 
this, main aspects to be addressed would be:

 › The mitigation of flooding by activating open spaces as a natural 
rainwater basin 

 › The improvement and maintenance of drains and a drainage 
network (cf. ‘Operation Breakthrough’ by the Minor Irrigation 
Division Ernakulum4  – which could be integrated into holistic 
concepts like the one currently developed in the framework of the 
KMC launched EnteKochi5  urban design competition) 

 › The collection of rain and run-off water to support the local 
vegetation 

 › The support of co-creative development and maintenance by 
awareness campaigns
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The Chapters 3, 4 and 5 describe approaches to pro-actively adapt 
buildings and neighbourhoods to local conditions by using the ‘sponge city’ 
approach as guiding principle in urban renewal. But even if this holistic 
concept is implemented by multiple incremental measures and projects, the 
occurrence of – local and regional – flood events in Kochi is still not unlikely, 
due to the given climatic, and geographic context and the upcoming changes in 
climate.  Therefore, questions of flood protection and resilience still have to be 
addressed. In the sixth assessment report of the Intergovernmental Panel on 
Climate Change (IPCC) published in August 2021, global climate change has 
been unequivocally linked to human influence. The report projects the rise in 
global warming to continue into the middle of the 21st century and above 1.5° - 
2° Degrees Celsius if no action towards severe reduction in greenhouse gasses 
is undertaken. For the South Asian region, this means, amongst other climatic 
changes, an intensification of the monsoon precipitation as well as dry and wet 
events.6 As a result, cities such as Kochi will face urban water challenges in 
form of various types of flooding. For example, in August 2018, the rainfall was 
150% over the average in Kerala7  (see Fig. 53) and the frequency of extreme 
events is raising. 

Another aspect will be the rise in the regional mean sea level, which 
could exceed 3mm/year as Ajil Kottayil, scientist at the Advanced Centre 
for Atmospheric Radar Research at the Cochin University of Science and 

34 

fell within a period of 24 hours. Kochi is therefore likely to experience increased annual precipitation 
and increased recurrence of cloudburst events (Figure 2).  

 
Fig 2: Climate change is likely to increase the rainfall range and extreme rainfall events including cloudbursts like the one 

witnessed by Kochi in 2018 (Image Credit: Sponge Collaborative) 
 

The city’s aging stormwater infrastructure and concretised canals are not designed to handle extreme 
events. The change in Kochi’s land cover leads the grey infrastructure network to often fail under 
moderate rainfall during the monsoons. Kochi’s stormwater capacity was designed for a landscape that 
has over time changed dramatically; green cover was replaced by built-up area and tree canopy within 
urban areas decreased. Simultaneously, with an increase in the likelihood of flooding due to extreme 
rainfall events, there is the potential for an increase in drought-incidence due to irregular rainfall and 
insufficient groundwater infiltration which points to the likelihood of permanent changes in the 
hydrological cycle. 

 
In the event of an extreme rainfall event such as the one that occurred in 2018, the existing water 
channels and reservoirs have proved unable to contain the deluge. As illustrated in Figure 1, the current 
development paradigm has resulted in a decrease in natural groundcover, resulting in less infiltration, 
concurrent with an increase in the likelihood of extreme rainfall. Both these factors taken together 
constitute an increased vulnerability to flooding due to extreme rainfall events, and thus poses a 
serious risk to the future development of Kochi.  

 
 

Fig. 53: Climate change is likely to increase the rainfall range and extreme rainfall 
events including cloudbursts like the one witnessed by Kochi in 2018; (Source: Ente-
Kochi, DPR_Sub-site B, Sponge Collaborative)
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Technology, said in an article with The Hindu after the IPCC Report was 
published. Kochi, Kerala, and India therefore need to consider future risks when 
commencing on urban development Dr. Roxy Mathew Koll, climate scientist at 
the Indian Institute of Tropical Meteorology, Pune, and contributor to the recent 
IPCC reports, reiterates in The Hindu.8

 

In Kerala’s State disaster plan from 2016 the state has already recognized 
the areas of vulnerability regarding floods. As seen in figure 54 the district of 
Ernakulam and city of Kochi fall under flood prone areas and are also highly 
vulnerable due to its population density.9 Furthermore independent researchers 
have identified that according to their findings 8.6% of Kochi’s area are high or 
very high flood prone zones.10 

Located directly at the coastal strip and in the vicinity of the backwaters, 
the KMC Building, and its neighbouring areas are situated in a flood vulnerable 
area (see Fig.55 ). Especially the high – and still increasing – density of the 
neighbourhood (See Chapter 1) is prone to severe damages due to different 
types of flooding. Three common types of flooding exist: 

Fig. 54: Kerala State Disaster Management Plan, 2016 (Souce: Kerala State Disaster 
Authority, 2016, p.47-48)

Kerala State Disaster Management Plan, 2016 

  47 

 
Figure 4: Flood susceptibility map of Kerala 

Kerala State Disaster Management Plan, 2016 

  48 

 
Figure 5: Taluks of Kerala ranked with population vulnerability to floods 
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 › Coastal flood (spring tide) 
 › Fluvial floods (inland river floods) 
 › Pluvial floods (flash and surface floods)

 

The different types occur due to different causes and need specific protection 
measures to reach resilience, i.e. the ability of utilities to resist flooding events, 
to reduce damages and to facilitate a rapid recover while maintaining human 
health.  In the following section the types will be explained, and measures will 
be displayed, whereby chapter 6.1 will be concentrating on coastal floods and 
chapter 6.2 will focus on fluvial and pluvial floods. 

Fig. 55: The urban flood vulnerability zones identified in Kochi City Corporation area 
2016 (Source: K. Sowmya, C.M. John & N.K. Shrivasthava,, August 2014 )

Fig. 10 The urban flood vulnerability zones identified in Kochi City Corporation area

Table 3 Extent of vulnerability zones identified in the Cochin City Corporation

Vulnerability zones (cumulative vulnerability score) Area (sq km) Area in % of total

Low (2.8–3.98) 50.26 67.14

Moderate (3.98–5.18) 18.06 24.13

High (5.18–6.36) 5.59 7.47

Very high (6.36–7.56) 0.95 1.27

Total 74.86 100.00

Nat Hazards

123

Author's personal copy
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As a reference point, international examples have been considered. In 
the last decades, port and harbour cities around the world have formulated 
different strategies to adapt to different types of future flood events as a main 
cause of climate challenges. In order to learn from and compare developments, 
Hamburg has been chosen as a case study that might be able to showcase 
further measures to create a flood-resilient Kochi, specifically around the area 
of the KMC building on a neighbourhood and building level. 

6.1 Coastal floods (Spring tide) as  
multi-level approach

6.1.1 CHALLENGES 
As mentioned before, the IPCC stated in its sixth assessment report that 

extreme weather events will increase around the world. This means a higher 
frequency of heavy rain events will likely be a challenge for all cities – landlocked 
and coastal. For coastal cities such as Kochi and – in a wider sense – Hamburg, 
additional risks will need to be addressed in developing urban resilience. The 
challenges facing these cities are diverse:

Firstly, maritime storms are frequent, which can cause severe coastal 
floods. Thereby land along the coast gets flooded by seawater, often causing 
often damage. 

 
 

Furthermore, cities have to deal with the increase of water levels in their 
local river infrastructure, that is increased through a push land-inwards from 
the neighbouring waterbodies such as oceans and seas. If not attained to, this 
will lead to the flooding of land and urban environment in the vicinity of ditches, 
rivers, and harbours (see also chapter 6.2 for possible consequences and 
proposed measures). 

Fig. 56: How spring tides develop (Source: Zurich Insurance Group Ltd.)11

Coastal flood (storm surge)

Coastal flooding is the inundation of land areas along  
the coast by seawater. Common causes of coastal 
flooding are intense windstorm events occurring at the 
same time as high tide (storm surge), and tsunamis.

Storm surge is created when high winds from a 
windstorm force water onshore – this is the leading 
cause of coastal flooding and often the greatest threat 
associated with a windstorm. The effects increase 
depending on the tide – windstorms that occur  
during high tide result in devastating storm surge floods. 

In this type of flood, water overwhelms low-lying land and 
often causes devastating loss of life and property.

The severity of a coastal flood is determined by several 
other factors, including the strength, size, speed, and 
direction of the windstorm. The onshore and offshore 
topography also plays an important role. To determine the 
probability and magnitude of a storm surge, coastal flood 
models consider this information in addition to data from 
historical storms that have affected the area. 

HIGH WINDS

STORM SURGE

WATER IS FORCED ASHORE
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This will multiply the effects of seasonal rains such as the monsoon. Already 
today, the natural system of the Backwaters is swelling during week-long rains 
and causing floods in the state of Kerala, especially during summer monsoon. 
This situation will increase in quantity and severity, once the sea level – and as 
an aftermath also the natural water table – is higher, as this is directly leading to 
a permanent overflow of wetlands and as final consequence the loss of natural 
‘sponge capacities’. 

In an attempt to adjust to the future challenges with regard to coastal flood 
events, the city of Hamburg has recognized the need to have a holistic climate 
conscious approach. The following will highlight the way Hamburg has created 
a framework for policy and governance as well as urban design, architectural 
and infrastructural reactions and discuss its applicability on Kochi. 

6.1.2 GOVERNANCE AND POLICY RESPONSE IN HAMBURG
After the historic North Sea flood of 1962, the City State of Hamburg 

changed its governance strategy with regards to institutional responsibilities 
of protective measures for storm flooding. What formerly used to fall within the 
tasks of communities and property owners in the vicinity of the city’s ditches 
became state responsibility. With the “Deichordnungsgesetz” (Ditch Ordinance 
Policy) of 1964, the responsibility for adequate flood protection was put into 
the public hand. The policy was supplemented by the “Poldergesetz” (Polder 
Law), providing a framework for the private sphere to respond adequately. 
Additionally, “Flutschutzverordnung HafenCity” (Flood protection Bylaw for the 
HafenCity) regulates the response for the most vulnerable districts.12

In comparison to Hamburg, which is a city-state the responsibility to provide 
governance and policy regarding flood response lies in the hands of the state 
of Kerala, as set by the Disaster Management Act of 2005.13 Flood responses 
are proposed in disaster management plans by the district, and in the case of 
Ernakulam authorities such as the Cochin Port Trust provide additional local 
responses. To ensure a holistic and quicker urban response, the state of Kerala 
could consider providing districts and local urban bodies with the legal power 
and human capacity to create holistic localized governance and policy as a 
measure of pro-active response to future threats related to flooding.

6.1.3 URBAN DESIGN / ARCHITECTURAL / INFRASTRUCTURAL 
  REACTIONS IN HAMBURG 

With regards to urban and architectural design reactions, Hamburg has two 
prominent examples. Firstly, a new developed area of Hamburg, the so-called 
HafenCity, utilises the age-old concept of ‘warfting’ (see Fig. 57). As a proactive 
and centuries old measure, to-be-developed land is getting artificially elevated 
to increase the level of flood protection. New developments in the harbour 
region need to artificially be elevated above a flood protection line. This was, 
as mentioned above applied in the new district known as HafenCity. 
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In the urban areas of Kochi, this solution per se is not suitable, because 
the urban fabric already exists. Since the elevation of neighbourhoods and 
plots itself is technically and financially not feasible, solutions like protection 
walls (see below) or protection on a building level (see section 6.2) must be 
considered.

The second approach applied in Hamburg to tackle coastal floods, and 
in connection to urban rehabilitation, Hamburg offers the example of the 
‘Niederhafen flood protection wall’ extension, which was designed and executed 
by the renowned architectural office Zaha Hadid Architects (ZHA) after an 
architectural competition in 2006. Located at an exposed area of the harbour, 
the city saw the need to expand the flood protection barrier after a hydrologic 
simulation identified an increased flood risk. Furthermore, in a preliminary 
study the infrastructure built from 1964-86 after the flood in 1962, had structural 
weaknesses and especially needed reinforcement of the foundations. The 
competition briefing emphasized the importance of diverse use-cases that need 
to be integrated in urban solutions. As a result, ZHA introduced an integrated 
pier that allows the flood protection line to be raised and incorporates multiple 
use-cases, such as a walking path, small amphitheater-like bays of steps 
towards the harbour, parking and small shops.14  

Fig. 57: From “Polder” to “Object protection” and “Warfts” – Strategies of structural 
flood protection (Source: City of Hamburg, “Sturmflutschutz in Hamburg gestern - 
heute - morgen”, 2012, p. 16)12

16

SturmflutSchutz gEStErn

Erst Warften, dann D 
Die Nähe zum Wasser begünstigte zwar die Entwicklung Hamburgs seit 
Ende des ersten Jahrtausends. Zugleich mussten die frühen Siedler aber 
auch bereits damals Lösungen finden, wie sie sich und ihren Lebens-
raum vor dem Hochwasser der tideelbe schützen können. 

Vermutlich schon vor 4.000 Jah-
ren hielten sich die ersten Men-
schen im Stromspaltungsgebiet 
der Elbe auf. Also dort, wo sich der 
Fluss in Norder- und Süderelbe teilt 
und den Bereich umschließt, auf 
dem sich heute ein großer Teil des 
Hafens sowie die Stadtteile Wil-
helmsburg und Veddel befinden. 
Eine dauerhafte Nutzung der frucht-
baren, niedrig gelegenen Marschen 
wurde aber erst durch die Anlage 
von Warften1 und den Bau von Dei-
chen möglich. 

Die Besiedlung der Marsch be-
gann im 9. Jahrhundert in direk-
ter Nähe eines neu erbauten be-
festigten Klosters, der Hamma-
burg (ham = Ufer, Marsch). Dort, 
auf der Nordseite eines Priels zwi-
schen Alster und Bille, errichteten 
Schiffskaufleute, Handwerker und 

Fischer eine Anlegebrücke und ver-
banden diese mit dem Kloster. Das 
Bauland auf der gegenüberliegen-
den Seite des Priels wurde mit 70 
Meter langen, bis zu 8 Meter brei-
ten und 1,5 Meter hohen Kästen 
aus Holzpfählen trockengelegt. Die 
Parzellen zur Bebauung wurden mit 
Klei und Dung aufgefüllt. Zwischen 
ihnen dienten schmale unverfüll-
te Streifen als Entwässerungs- und 
Entsorgungsgräben, die die Flut re-
gelmäßig durchspülte. 

Neue Burg

Nachdem feindliche Stämme die 
Hammaburg 845 und 983 zerstört 
hatten, wurde Ende des 11. Jahr-
hunderts ein erster Ringdeich er-
richtet. Er entstand anlässlich des 
Baus der „Neuen Burg“. Der Fuß 
dieser auch als Wall genutzten An-

lage war mit parallel zur Flussrich-
tung aufgeschichteten Baumstäm-
men gegen Strömungen und Wel-
len geschützt. Gleichzeitig dienten 
sie als Unterbau für eine Anlege-
stelle. 

Als Obotriten (slawischer Stam-
mesverband) die Stadt in der zwei-
ten Hälfte des 11. Jahrhunderts er-
neut zerstörten, wurde Hamburg 
am Ende des 12. Jahrhunderts 
auf Initiative von dort ansässigen 
Schiffskaufleuten neu gegründet. 
Es entwickelte sich ein bedeuten-
des Handelszentrum mit einem Ha-
fen, in dem jetzt auch größere Schif-
fe anlegen konnten. Das Areal 
der ehemaligen Neuen Burg 
wurde mit einem Deich ge-
sichert und mit Boden 
aufgefüllt. Auf dem 
so gegen Hoch-

eiche

1Warften sind künstlich 
aus Erde aufgeschüttete 
Siedlungshügel, die vor 
Sturmfluten schützen. 
Sie entstanden bereits im 
3. Jh. v. Chr. und wurden 
lange vor dem Deichbau 
als Hochwasserschutz ge-
nutzt. Verbreitet sind sie 
zum Beispiel in den west-
deutschen Marschgebie-
ten, auf den Halligen und 
in den Niederlanden. 
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The adaptation of this solution in Kochi is worth considering, although the 
coastal strip of the inner-city parts of Ernakulam is much longer than the one 
in Hamburg. This would have direct impact on the feasibility. Secondly, as 
the coastal zones are already developed, the flood barrier would have to be 
planned and construction as an add-on to the existing coastal line. Thirdly, the 
barrier has to be integrated into a wider network of dikes and warfts – such as 
in Hamburg. If this is not the case, water will easily flow around the barrier and 
get unintendedly blocked at its backside.

Fig. 58: Living protective infrastructure: Flood-protection wall at Hamburg ‘Nieder-
hafen’  (Source: https://www.floornature.de/zaha-hadid-architects-niederhafen-riv-
er-promenade-hamburgbr-14918/ )15

Fig. 59: Section of integrated flood protection barrier in Niederhafen Hamburg by 
Zaha Hadid Architects   (Source: Landesbetrieb für Straßen, Gewässer und Brücken, 
Neubau der Hochwasserschutzanlage Niederhafen in Hamburgs Innenestadt, 2013)14
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6.2 Riverine (Fluvial) and Surface (Pluvial) 
flooding Resilience 

 
6.2.1  CHALLENGES 

Riverine (Fluvial) flooding occurs when a river exceeds its water capacity 
due to extensive rain. As the IPCC mentioned in its report, the occurrence for 
stronger monsoons and heavy precipitation will increase in the coming years. 
The challenges due to fluvial flooding will occur in the areas that are surrounding 
rivers. For fluvial flooding there are two major types to consider. (1) an overflow 
of the riverbank (see Fig. 60) and (2) flash floods resulting from an increasing 
and unnoticed torrent. Both are caused by intense and prolonged rainfalls. 

 

Surface (Pluvial) Flooding occurs due to abundant rainfall when the natural 
soil has exceeded its water saturation level or especially in urban environments 
where the drainage network has exceeded its capacity (see Fig 61). In both 
cases as is with fluvial flooding intense and prolonged rainfalls are the cause. 

Fig. 60:How Riverine (Fluvial) flooding occurs (Source: Zurich Insurance Group Ltd, 
July 22, 2020) 11

Fig. 61:How surface (pluvial) flooding occurs & impact of flooding on urban water 
infrastructures (Source: Zurich Insurance Group Ltd, July 22, 2020).11

Fluvial floods (river floods)

A fluvial, or river flood, occurs when the water level 
in a river, lake or stream rises and overflows onto the 
surrounding banks, shores and neighboring land.  
The water level rise could be due to excessive rain  
or snowmelt.

The damage from a river flood can be widespread as the 
overflow affects smaller rivers downstream, which can 
cause dams and dikes to break and swamp nearby areas.

The severity of a river flood is determined by the  
duration and intensity (volume) of rainfall in the 

catchment area of the river. Other factors include soil 
water saturation due to previous rainfall, and the terrain 
surrounding the river system. In flatter areas, floodwater 
tends to rise more slowly and be shallower, and it often 
remains for days. In hilly or mountainous areas, floods 
can occur within minutes after a heavy rain, drain very 
quickly, and cause damage due to debris flow.

To determine the probability of river flooding, models 
consider past precipitation, forecasted precipitation, 
current river levels, and well as soil and terrain conditions.

EXCESSIVE RA
IN

SNOWFALL

NORMAL RIVER 
LEVEL

OVERFLOWING WATER

Pluvial floods (flash floods and surface water)

A pluvial flood occurs when an extreme rainfall event 
creates a flood independent of an overflowing water 
body. A common misconception about flood is that you 
must be located near a body of water to be at risk. Yet 
pluvial flooding can happen in any location, urban or 
rural; even in areas with no water bodies in the vicinity. 
There are two common types of pluvial flooding:

• Surface water floods occur when an urban drainage 
system is overwhelmed and water flows out into 
streets and nearby structures. It occurs gradually, which 
provides people time to move to safe locations, and 

the level of water is usually shallow (rarely more than 1 
meter deep). It creates no immediate threat to lives but 
may cause significant economic damage.

• Flash floods are characterized by an intense, high 
velocity torrent of water triggered by torrential rain 
falling within a short amount of time within the vicinity 
or on nearby elevated terrain. They can also occur via 
sudden release of water from an upstream levee or a 
dam. Flash floods are very dangerous and destructive 
not only because of the force of the water, but also the 
hurtling debris that is often swept up in the flow. 
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In comparison to fluvial flooding however, surface flooding could affect any 
part of the city, mostly those that are geographically lower lying, have a high 
share of sealed areas and lack of drainage capacity. 

The challenges that Kochi and other cities face are to efficiently protect urban 
public and private infrastructure, that is streets, cars, building walls, basements, 
public life, as well as to guarantee accessibility to vital institutions such as 
schools, hospitals, supermarkets etc. An example for public infrastructure 
that is under threat when flooded is for example the KSRTC Bus Terminal in 
Ernakulam as reported by the New Indian Express. According to the article 
published in November 2019, flooding had led to more than 36.000 passengers 
stranded after bus services had been suspended.17  Such collapses of mobility 
networks can have a heavy impact on urban economies, as employees may 
miss out on accessibility to their workplaces. 

6.2.2 GOVERNANCE AND POLICY 
With regards to fluvial and pluvial flooding Hamburg has chosen 

to implement an interdisciplinary workgroup called the RISA-Project 
(RainInfrastructureAdaption) which concerns itself with the development 
of Hamburg’s response to rainwater and domestic flooding in the inner city. 
While the legal framework mentioned in 6.1.1 is also active here the taskforce 
researches and proposes concrete solutions to mitigate future flooding events. 
As a common reference, the City of Hamburg is providing a publicly accessible 
and detailed hydrological map.17 

Fig. 62:Geoportal of the City of Hamburg is providing detailed maps on flood risks; 
here: Hydrological model indicating low-lying areas (’Senken’) and runoff directions 
(Source: City of Hamburg, https://geoportal-hamburg.de, 2021)17

Hydrologie
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For Kochi the idea of an interdisciplinary taskforce concerning itself with 
the future challenges of stronger and more frequent monsoon rains could be 
of great use. While guidebooks are a great tool for awareness aspects such 
as the positioning of energy infrastructure as well as building waterproof walls 
these aspects need to be embedded into the planning and building bylaws and 
codes to ensure a compact built environment that secures the standards of 
each citizen. The creation of a city-based interdisciplinary task force for water 
and flood-management could help produce more concrete solutions to mitigate 
urban flooding in the short-term and help inform the state level to optimise the 
legal frameworks similar to the RISA project of Hamburg. Since the climatic 
conditions are dynamic the taskforce would be able to continuously adapt and 
change their approaches accordingly. This would also promote inter-agency 
collaboration as proposed by the National Disaster Management Plan 2019. 
Furthermore, the taskforce could be a mediator between state and private 
agents, implementing policy while monitoring its effectiveness and reinforming 
policy makers. 

6.2.3 URBAN DESIGN / ARCHITECTURAL REACTION 
The City of Hamburg chose to mitigate fluvial floods by implementing 

technological solutions in form of floodgates and drainage expansion. With 
regards to the drainage system Hamburg has one of the oldest systems in 
Europe. However, most of the system used to be a mixed water drainage 
system. Once the capacity was exceeded during rains, grey and rainwater 
were dumped into the surrounding water. In order to reduce the amount of 
pollution and to increase the capacity of the existing system – and by this to 
reduce risk of flooding – the city expanded its drainage network by additional, 
lower-lying layer that is connected to sewage treatment plants.18

Fig. 63:Expansion of Hamburgs drainage network (source: W wie Wissen)18
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While this approach represents a cost-intense solution, and cities have to 
upgrade existing urban infrastructure to withstand climate challenges, the city 
has decided to concentrate and expand its catalogue of potential measures 
by aspects of ‘climate conscious response’. These comprise the reduction of 
ground sealing for new urban developments and planning multifunctional open 
spaces as water reserves and floodable areas. The overarching concept is 
the ‘sponge city’ approach (see chapter 5). The city is attempting to seal less 
when it comes to new developments and to provide urban retention areas in 
the shape of street side infiltration ditch systems, floodable and multifunctional 
open spaces such as sports courts and regular rainwater retention basins. 13

In Kochi these aspects are also known, but not yet implemented on a 
larger scale. However, implementation plans are underway. The urban design 
competition, ‘EnteKochi’ (Malayalam for My Kochi) was conducted jointly 
by the Kochi Municipal Corporation and the GIZ project Sustainable Urban 
Development – Smart Cities. The three winning teams developed the area 
along the Mullassery Canal in a holistic manner, which is located close to the 
old KMC building. Below (Fig.64) you can see the sponge city concept applied 
to the “area A park”, which shall be developed next to the Maharaja College 
ground and MG road. 

 

For a more detailed discussion please see Chapter 5. 

138 139

8.2. Pilot Projects

8.2.1. Identifying Pilot Projects
There are two pilot projects that we have identified within the Sub-site B Master Plan that have been 
detailed in this document. One potential future project is identified that is part of the overall Master Plan 
and can be included in the future potential scope of work.  

Pilot 1: Redesigning the sidewalk and medians for 100m of the M.G. road stretch alongside the PWD 
park south of the A.K. Seshadri road & M.G. road intersection until the Maharaja College  Metro station to 
create a boulevard.

Pilot 2: Regrading and programming the KMC Park from PT Usha road till the A.K. Seshadri road & M.G. 
road intersection as an open public park. Daylighting the canal  along this stretch and transforming A.K. 

Seshadri road into a woonerf.

Fig. 91 Identifying the pilot projects in Sub-site B; Credits: #1

Fig. 92 Blue-green infrastructure- M.G. road; Credits: #1

8.3. Pilot Project 1 - M.G. Road

8.3.1. Blue Green Infrastructure
The Pilot along M.G. road will become a resilient and complete street when built over phases via strategic 
sequencing of Sponge Street, Open Space, and Building components. The rain gardens are built as a pilot 
to test the viability of Delaying stormwater runoff from Maharaja College Ground and the sidewalk. This 
proof of concept allows the city to use blue-green infrastructure to manage runoff from the streets with tree 
pits. This network delays and temporarily stores runoff before it ends up in the upgraded cloudburst pipe. 
The combination of rainwater harvesting on rooftops with rain garden strips creates capacity for delaying 
and storing stormwater. The pilot blue-green infrastructure system drains into the daylit Mullassery Canal 
to the north and the Hospital road cloudburst pipe via the rain garden or cloudburst pipe.

8.3.2. Site Programming and Activation
The design takes into consideration all the requirements laid out by the stakeholders, daily commuters 
and local residents. With all the mentioned programming and activation strategies, M.G. road can be 
transformed into a new destination as a great pedestrian boulevard for the people of Kochi. By activating 
the M.G. road, we can create a safer street that will encourage more people to commute using the metro 
and other means of public transport

146 147

Fig. 103 Blue-green infrastructure - KMC public park; Credits: #1

8.5. Pilot Project 2 - KMC Public Park

8.5.1. Blue Green Infrastructure
The Pilot along Mullassery Canal will demonstrate the potential of Sponge Open Spaces to mitigate 
flooding, increase biodiversity, create cooler micro-climates, and provide multi-functional spaces for 
recreation, cultural events, livelihoods, and solitude. The network of open spaces are graded to function as 
a terraced system. Stormwater runoff from the Maharaja College Ground as well as overflow from the M.G. 
road rain garden system is distributed into open spaces designed to flood during excesses or extreme 
storm events. In sequence, water will flow into the Sunken Skating Rink, Playgrounds, Retention Pond, 
Sunken Open Air Theatre, and the Constructed Wetlands. This network slows down the runoff before it 
eventually ends up in the daylit Mullassery Canal. In the event of extreme cloudburst during high tide that 
leads to the canal flooding, the system of open spaces is designed to accommodate this overflow instead 
of flowing directly into the streets.

8.5.2. Site Programming and Activation
The public park programming takes into consideration all the requirements laid out by the stakeholders, 
daily commuters and local residents. With all the proposed parks, recreation, community amenities and 
activation strategies, KMC Public Park can be transformed into a resilient public realm for all the people 
in and around this neighbourhood. Opening up the canal and integrating it with the park will help re-
establish the link between the citizens of Kochi and the city’s waterways. Fig. 104 Site programming and activation- KMC public park; Credits: #1

Fig. 64: Sponge Collaborative approach to a climate friendly development of MG 
Road ( Source: Deutsche Gesellschaft fur Internationale Zusamennarbeit (GIZ) 
GmbH, Proposed Concept Master Plan for Mullassery Canal Precinct)19 
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After having had a look at the neighbourhood level, now a discussion 
concerning approaches on the building level will follow. First approaches in 
regard to new developments will be discussed and second existing adaptation. 

Regarding new developments, HafenCity will again serve as an example 
of how Hamburg mitigates flooding on a building design level. Here important 
function were lifted above the ground level and critical flood zones. This concept 
was implemented in combination with the aforementioned warfting approach of 
the district (See Fig. 65). 

Water sensitive planning has been present in Kerala as a report by the 
consultant Ms. Chitrangada has shown . Here examples and prototypes of 
houses on stilts or floating have been displayed and illustrate that an awareness 
for a resilient architecture is present. Multiple guidebooks such as Handbook 
on flood and landslide resilient housing in Kerala by UNDP, 201921 have been 
produced helping architects and planners build and rebuild durable housing. 

Fig. 65:( Bruns-Berentelg, J., 2017, HafenCity Hamburg - Urbane Mobilitätstransfor-
mation at „Cities in the Age of Climate Change“ Conference, November 2017, Vienna. 
Accessed 07.05.2020: https://www.urbaninnovation.at/tools/uploads/Bruns-Beren-
telg---HafenCity-Hamburg.pdf 

Fig. 66:Integration of waterfront buildings in the flood protection system. (Source: 
flooddefences.org)
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Within the guidebook the focus is put on providing houses that can withstand 
a flood, by rethinking usability and positioning of vital parts such as electricity 
above a critical flood line. 

 

 

A pressing challenge that seems neglected is that existing structures are 
likely to erode and lose their stability if not adequately prepared for frequent 
and sustained contact with water. Moist walls are breeding ground for mold, 
which can cause long-term health hazards for inhabitants. In these cases, 
architectural adaptation of the existing structures need to be considered in 
form of external waterproofing. Walls up to the latest height of flooding, with an 
added margin of security, need to be coated in hydrophobic materials such as 
plaster, natural rubbers, hard timbers, or synthetic textiles. 

Another approach to increase resilience of housing could be to improve 
research and design in deployable flood protection infrastructure (DFPI) that 
is able to protect entire neighbourhoods (see Fig. 68) or single openings of 
buildings (see Fig. 70) to reduce interior water damage. 
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Fig. 67: A handbook on flood and landslide resilient housing in Kerala (Source: Kerala 
State Disaster Authority, 2018 page 48, 58) 20 

Fig. 68:‘GEO-Inero Flood Barriers’ as an example for DFPI (Source: https://www.
geoline.ie/flood-defence/geo-inero-flood-barriers/)
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These temporary and mobile flood protection infrastructure could be 
removable and multifunctional. A simple idea could be to re-design interior 
doors into DFPI’s. Unhinged in the event of a flood they could be installed 
in front of windows and exterior doors as added protection. Once the flood 
has cleared, they can be cleaned and reinstalled in the interior. DFPI’s could 
also function as social infrastructure on the street and turn benches into flood 
protection when needed. 

6.3 Awareness and Warning 
While the aforementioned solutions offer potential to mitigate damages 

caused by flooding, a full safety and resilience cannot be guaranteed. Therefore, 
additionally a high degree of preparedness in the society is required. Kochi and 
Kerala should focus on creating awareness in the communities of flood prone 
areas as well as other parts of the city and region through different channels. 
According to a recent study examining the flood responses in Kochi in 2018 
and 2019, individuals and households involved in community work were 23% 
more likely to react appropriately in flooding situations.22 This shows that high 
awareness will lead to a better disaster response for the city. 

Hamburg spreads awareness through a strong online presence and their 
district offices, distributing a multitude of information and warnings ahead 
of flooding and during their occurrence. The Hamburg Port Authority has 
for example published a brochure on their website elaborating on response 
strategies and warning methods specified for households and businesses (see 
Fig. 71)

Fig. 69: ‘GEO-Inero Flood Barriers’ as 
an example for DFPI (Source: https://
www.geoline.ie/flood-defence/geo-in-
ero-flood-barriers/)

Fig. 70: Dam grinder systems (‘Dammbalkensysteme’) as an example for DFPI 
(Source: https://www.wellstahl.at/produkte/systeme-fuer-den-hochwasser-
schutz-dammbalken/ )
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In the brochure maps such as Fig. 72 clarifies what areas will be restricted 
and evacuated. Additionally, questions such as who gets warned, when 
does one get warned, how does one get warned, and appropriate behavioral 
reactions are addressed. 23

Such a level of preparedness is missing in Kerala according to an article 
published in 2019. Multiple experts were interviewed after the floods and 
landslides claiming that disaster management needs to be decentralized 
from a state level to a district and community level. While the Kerala Disaster 
Management Authority has issued a guideline in what is known as the Orange 
Book, criticism is held high that it is not precise enough and has therefore led 
to fatal management of disasters.24

To trigger appropriate responses, individuals, neighbourhoods, cities 
and regions need timely warnings in order to adapt and react appropriately. 
Information is distributed concerning when the flood will most probably happen, 
and which water levels are expected. In Hamburg these warnings happen on 
an analog and digital level and are updated within short time-intervals. It is 
important to use both – digital and analog measures - to ensure dissemination 
into the public. The following table lists measures taken in Hamburg to warn the 
citizens of flooding (see also Fig. 73). 

Fig. 71: Brochures and warning signs to inform the  business and 
individuals in the affected neighborhoods. (Source: Müller and Gön-
nert-Presentation LSBG – Entwicklung der Hochwasserschutzanlagen in 
Hamburg, 20.04.2016) 

Fig. 72: Hamburg’s harbor area of restricted 
zones and zones of evacuation color coded  
(Source: Hamburg Port Authority) 

Analog 

 › Warning Shots 
 › Loudspeaker Cars
 › Sirens

Digital 

 › Radio and television broadcasting
 › Videotext
 › „Katwarn“ (sms-warning system) city-wide
 › „FlutWarn“ (sms / email) floodprone-area

Tab. 4: Flood warning 
measures in Hamburg
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The digital and analog methods can provide recommendation on behavior 
and therefore help citizens take individual and autonomous action. These 
are combined with police and fire brigade officials, who coordinated by the 
HASTA, provide guidance in affected areas and help to coordinate evacuation 
if necessary. 

According to the Orange Book chapter 7.2, “Currently there is no flood 
forecasting service in the State from Central Water Commission (CWC).“  
(P. 41)25  While other states such as Odisha, Maharashtra, and Tamil Nadu have 
developed integrated flood warning systems Kerala seems to be behind in the 
implementation. 26 An example for an integrated flood warning system is the 
recently published “iflows-mumbai”. Based on GIS it provides a holistic base 
with hydrological model and risk assessments up to the ward level. (Fig. 74) 27

For Kochi and Kerala it could be important to align their warning systems 
and possibly add  measures on the digital and physical level. While conventional 
media (radio, television, digital and analog newspapers) are being used, social 
media has an immense potential to create awareness, educate and disseminate 
warnings quickly. Platforms such as Facebook, Instagram, Snapchat, Twitter, 
YouTube and WhatsApp have huge user basis in India and could be leveraged 
for well-timed warnings as well as sustainable long-term and continuous 
education and information on flood management. 

Furthermore, it is recommended to increase in Kochi the responsibility of 
individual business-owners located in flood-prone areas. In Hamburg, specific 
individuals within companies are appointed, who regularly check the physical 
protection measures like sandbags, floodgates, pumps, hoses and prepare an 
evacuation plan of the building. The latter is tested on a regular basis with all 

Fig. 73: Analog and digital 
warning measures (Source: 
Hamburg Port Authority)

Fig. 74: ‘IFlows Mumbai Flood Report at ward level  (Source: https://www.nccr.gov.in/
sites/default/files/webpages_Mumbai.pdf) 
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2. Informationen für Haushalte und Betriebe

2.1. Wer ist gefährdet?

Bei sehr schweren Sturmfluten kann das gesamte Nie- 

derungsgebiet der Elbe betroffen sein. Die Gefährdung 

der in diesen Gebieten lebenden und arbeitenden Men-

schen ist nicht gleich groß und abhängig von:

 • der Nähe zum Deich

 • der Art der Bebauung

 • der Geländehöhe

 • dem möglichen Wasserstand nach Deichbrüchen und

 • der Überflutung im Hafengebiet.

2.2. Welche Vorsorge gibt es?

Die Vorsorge umfasst im Wesentlichen fünf Bereiche:

 • Vorbeugende Information über die Gefahrensituation

 • Rechtzeitige Warnung und Information der Bevölke- 

rung bei Sturmfluten

 • Verteidigung der Deiche und Hafenpolder

 • Räumung des Hafens bei der Gefahr hoher Sturmfluten

 • Rechtzeitige Evakuierung besonders gefährdeter

 Wohnbereiche

Um die Vorsorge sicherzustellen, haben alle beteiligten 

Behörden, insbesondere die Bezirksämter und die  

Hamburg Port Authority, sowie betroffene Firmen  

umfangreiche und detaillierte Planungen erstellt.

Für den Hamburger Hafen, der überwiegend vor den  

öffentlichen Hochwasserschutzanlagen liegt, gelten  

besondere Regelungen, die im Kapitel 5. Sperrung und Räu-

mung des Hafens bei Sturmflut näher dargestellt werden.

Zur Verteidigung der öffentlichen Hochwasserschutz- 

anlagen wird bei vorausgesagten Sturmfluten über NHN 

+5,50 m die Deichverteidigungsorganisation in den Ein-

satz gerufen.  Sollten Sie Fragen zur Deichverteidigung

haben, wenden Sie sich bitte an:

Landesbetrieb für Straßen, Brücken und Gewässer

Gewässer und Hochwasserschutz

Sachsenkamp 1–3, 20097 Hamburg

Tel: +49 40 42826-2540

2.3. Wie wird gewarnt?

Rechtzeitig vor Eintritt einer Sturmflut wird, je nach dem 

erwarteten Wasserstand, durch Böllerschüsse, Rundfunk-

durchsagen, Sirenensignal, im Internet, per SMS, E-Mail 

und Smartphone-App sowie durch örtliche Lautsprecher-

durchsagen gewarnt.

Die erwarteten Wasserstände werden in Meter über 

 Normal Höhen Null (NHN) oder in Meter über dem Mitt- 

leren Hochwasser (MHW) angegeben. Man erhält die Höhe  

in NHN, wenn zu der Angabe in MHW etwa 2,13 m hinzu-

gerechnet werden.

Im Kapitel 3. Sturmflutvorhersagen und Wasserstände 

wird dieser Zusammenhang näher erläutert.

2.3.1. Böllerschüsse

Etwa acht Stunden vor einem zu erwartenden hohen 

Wasserstand werden von den Abschussbasen Stadtdeich, 

Hafentor, Maakenwerder Höft, Teufelsbrück und Ernst-

August-Schleuse Böller abgefeuert.

Es wird mit zwei schnell aufeinanderfolgenden  

Böllerschüssen gewarnt. Diese Warnung bedeutet, 

dass ein Wasserstand von mehr als 1,50 m über  

MHW erwartet wird.

Das entspricht etwa 3,60 m über NHN.

2.3.2. Warnungen über Rundfunk

Die meisten Rundfunksender (zum Beispiel NDR, RSH  

und Deutschlandfunk) geben regelmäßig Wasserstands-

vorhersagen bekannt. Die Zeiten sind von Sender zu 

Sender verschieden.

Besteht die Gefahr einer Sturmflut mit einem Wasserstand 

von 4,50 m über NHN und höher, senden die im Stadt-

gebiet zu empfangenden Rundfunksender etwa ab neun 

Stunden vor dem Hochwasser in kürzeren Abständen War-

nungen der Behörde für Inneres und Sport. Im Extremfall 

enthalten die Warnungen auch die Anordnung zur Räu-

mung und Evakuierung besonders gefährdeter Gebiete.

2.3.3. Warnung durch Sirenen

Zusätzlich werden bei Sturmfluten mit erwartetem Was-

serstand über NHN +7,30 m im Hafengebiet die Sirenen

ausgelöst (1 Minute Heulton).

Das bedeutet: Rundfunkgerät einschalten und auf 

Durchsagen achten!

2.3.4. Örtliche Warnungen mit Lautsprecherwagen 

Bei vorhergesagten Sturmfluten über NHN +6,50 m  

und der angeordneten Evakuierung des Hafens erfolgen 

zusätzlich Warnungen vor Ort mit Lautsprecherwagen; 

ggf. fordern diese dazu auf, das Gebiet zu verlassen.

2.3.5. Warnung per Telefon im Hafen

Die im Hafen auf Einzelstandorten wohnenden Menschen 

werden von der Hamburg Port Authority über Telefon

gewarnt. Auskünfte hierzu erteilen Ihnen:

Hamburg Port Authority

 Gefahrenabwehr

Neuer Wandrahm 4, 20457 Hamburg

Tel: +49 40 42847-2288 oder -2887

 hasta.hpa@hpa.hamburg.de

2.3.6 Warnung per SMS bzw. E-Mail

Für den Bereich des Hamburger Hafens besteht die

Möglichkeit, sich ergänzend zu den übrigen Informa- 

tionswegen für ein Räumgebiet bei dem SMS-Warn- 

verfahren „FlutWarn“ eigenständig anzumelden.

Bei Betroffenheit dieses Gebietes im Sturmflutfall 

erfolgt über dieses Verfahren eine Benachrichtigung per 

SMS bzw. E-Mail mit Warn- und Verhaltenshinweisen. 

Nähere Hinweise zu „FlutWarn“ sind auf den Internet-

Seiten der Hamburg Port Authority abrufbar bzw. dort 

telefonisch zu erfragen. 

99

8

2. Informationen für Haushalte und Betriebe

2.1. Wer ist gefährdet?

Bei sehr schweren Sturmfluten kann das gesamte Nie- 

derungsgebiet der Elbe betroffen sein. Die Gefährdung 

der in diesen Gebieten lebenden und arbeitenden Men-

schen ist nicht gleich groß und abhängig von:

 • der Nähe zum Deich

 • der Art der Bebauung

 • der Geländehöhe

 • dem möglichen Wasserstand nach Deichbrüchen und

 • der Überflutung im Hafengebiet.

2.2. Welche Vorsorge gibt es?

Die Vorsorge umfasst im Wesentlichen fünf Bereiche:

 • Vorbeugende Information über die Gefahrensituation

 • Rechtzeitige Warnung und Information der Bevölke- 

rung bei Sturmfluten

 • Verteidigung der Deiche und Hafenpolder

 • Räumung des Hafens bei der Gefahr hoher Sturmfluten

 • Rechtzeitige Evakuierung besonders gefährdeter

 Wohnbereiche

Um die Vorsorge sicherzustellen, haben alle beteiligten 

Behörden, insbesondere die Bezirksämter und die  

Hamburg Port Authority, sowie betroffene Firmen  

umfangreiche und detaillierte Planungen erstellt.

Für den Hamburger Hafen, der überwiegend vor den  

öffentlichen Hochwasserschutzanlagen liegt, gelten  

besondere Regelungen, die im Kapitel 5. Sperrung und Räu-

mung des Hafens bei Sturmflut näher dargestellt werden.

Zur Verteidigung der öffentlichen Hochwasserschutz- 

anlagen wird bei vorausgesagten Sturmfluten über NHN 

+5,50 m die Deichverteidigungsorganisation in den Ein-

satz gerufen.  Sollten Sie Fragen zur Deichverteidigung

haben, wenden Sie sich bitte an:

Landesbetrieb für Straßen, Brücken und Gewässer

Gewässer und Hochwasserschutz

Sachsenkamp 1–3, 20097 Hamburg

Tel: +49 40 42826-2540

2.3. Wie wird gewarnt?

Rechtzeitig vor Eintritt einer Sturmflut wird, je nach dem 

erwarteten Wasserstand, durch Böllerschüsse, Rundfunk-

durchsagen, Sirenensignal, im Internet, per SMS, E-Mail 

und Smartphone-App sowie durch örtliche Lautsprecher-

durchsagen gewarnt.

Die erwarteten Wasserstände werden in Meter über 

 Normal Höhen Null (NHN) oder in Meter über dem Mitt- 

leren Hochwasser (MHW) angegeben. Man erhält die Höhe  

in NHN, wenn zu der Angabe in MHW etwa 2,13 m hinzu-

gerechnet werden.

Im Kapitel 3. Sturmflutvorhersagen und Wasserstände 

wird dieser Zusammenhang näher erläutert.

2.3.1. Böllerschüsse

Etwa acht Stunden vor einem zu erwartenden hohen 

Wasserstand werden von den Abschussbasen Stadtdeich, 

Hafentor, Maakenwerder Höft, Teufelsbrück und Ernst-

August-Schleuse Böller abgefeuert.

Es wird mit zwei schnell aufeinanderfolgenden  

Böllerschüssen gewarnt. Diese Warnung bedeutet, 

dass ein Wasserstand von mehr als 1,50 m über  

MHW erwartet wird.

Das entspricht etwa 3,60 m über NHN.

2.3.2. Warnungen über Rundfunk

Die meisten Rundfunksender (zum Beispiel NDR, RSH  

und Deutschlandfunk) geben regelmäßig Wasserstands-

vorhersagen bekannt. Die Zeiten sind von Sender zu 

Sender verschieden.

Besteht die Gefahr einer Sturmflut mit einem Wasserstand 

von 4,50 m über NHN und höher, senden die im Stadt-

gebiet zu empfangenden Rundfunksender etwa ab neun 

Stunden vor dem Hochwasser in kürzeren Abständen War-

nungen der Behörde für Inneres und Sport. Im Extremfall 

enthalten die Warnungen auch die Anordnung zur Räu-

mung und Evakuierung besonders gefährdeter Gebiete.

2.3.3. Warnung durch Sirenen

Zusätzlich werden bei Sturmfluten mit erwartetem Was-

serstand über NHN +7,30 m im Hafengebiet die Sirenen

ausgelöst (1 Minute Heulton).

Das bedeutet: Rundfunkgerät einschalten und auf 

Durchsagen achten!

2.3.4. Örtliche Warnungen mit Lautsprecherwagen 

Bei vorhergesagten Sturmfluten über NHN +6,50 m  

und der angeordneten Evakuierung des Hafens erfolgen 

zusätzlich Warnungen vor Ort mit Lautsprecherwagen; 

ggf. fordern diese dazu auf, das Gebiet zu verlassen.

2.3.5. Warnung per Telefon im Hafen

Die im Hafen auf Einzelstandorten wohnenden Menschen 

werden von der Hamburg Port Authority über Telefon

gewarnt. Auskünfte hierzu erteilen Ihnen:

Hamburg Port Authority

 Gefahrenabwehr

Neuer Wandrahm 4, 20457 Hamburg

Tel: +49 40 42847-2288 oder -2887

 hasta.hpa@hpa.hamburg.de

2.3.6 Warnung per SMS bzw. E-Mail

Für den Bereich des Hamburger Hafens besteht die

Möglichkeit, sich ergänzend zu den übrigen Informa- 

tionswegen für ein Räumgebiet bei dem SMS-Warn- 

verfahren „FlutWarn“ eigenständig anzumelden.

Bei Betroffenheit dieses Gebietes im Sturmflutfall 

erfolgt über dieses Verfahren eine Benachrichtigung per 

SMS bzw. E-Mail mit Warn- und Verhaltenshinweisen. 

Nähere Hinweise zu „FlutWarn“ sind auf den Internet-

Seiten der Hamburg Port Authority abrufbar bzw. dort 

telefonisch zu erfragen. 

99



102 Climatesmart Cities Pre-feasability Study | Kochi99 Climate Smart Cities Pre-feasability Study I Kochi

employees. Last, but not least awareness is spread among business owners, 
but also individual households, concerning public financial support, which is 
available to establish ‘hard’ and ‘soft’ protection measures. 

All the above-mentioned awareness creation measures are applicable for 
the Kochi case. If based on a precise forecasting system, they can help to 
safeguard properties, save lives and enhance overall citizen wellbeing.  

6.4 Conclusion  
Flood resilience must be seen as a holistic approach achieved by 

incremental solutions on different scales of the built environment. While 
adaptive, pro-active measures like the sponge-city concept help to lower flood 
risks in sustainable perspective, protective measures like on the building and 
infrastructure level help to lower impacts of unavoidable floods. While the 
before mentioned defensive solutions might help in the short term, they do not 
help affect the climate problem on a macro scale, which is a result of rampant 
urbanisation including the intense sealing of the ground and construction of 
unsustainable buildings. At the end, this could not be only a question of built 
solutions.  However, urban-resilience primarily is also a governance question. 
The generation and communication of information, the formulation and 
enforcement of regulations and the development of emergency plans with clear 
responsibilities and routines have to go hand in hand to increase flood resilience 
in Kochi. The increased development of green institutional buildings and their 
surroundings could be a starting point of a wider policy and implementation 
towards a resilient Kochi.   
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