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The GRIP model allows formation of a regional 
emissions inventory using different sources and scales 
of available data. For SACOG a combined bottom-
up and top-down approach, using available data at 
county, region, state and national levels. Major data 
gaps were identified, and work is already underway 
within the region to standardize inventory reporting at 
a jurisdictional level.

GRIP, through its scenario process, also gives 
participants in a workshop setting the chance to test 
policies and model changes in energy demand and 
supply, playing out future year scenarios related to 
reducing green house gas emissions at a regional 
level with instant feedback. Like the Blueprint and 
MTP outreach sessions, many involved in the GRIP 
workshops came to realize that perhaps something 
else has to be done, that perhaps the climate change 
issues need to be addressed. What that is and how it 
will be done is to be determined with the next steps of 
the process.

This brochure highlights the findings from the two 
GRIP workshops conducted in the early stages of the 
project, and can hopefully be used as the cornerstone 
to future dialogue and help lay the groundwork 
for future efforts related to climate change and 
greenhouse gas emissions in the Sacramento region.

Gordon Garry 
Director of Data Research and Analysis 
Sacramento Area Council of Governments

Foreword
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The Sacramento Area Council of Governments 
(SACOG) is an association of local governments in the 
six-county Sacramento region. Its members include 
the counties of El Dorado, Placer, Sacramento, Sutter, 
Yolo and Yuba as well as the 22 cities within them.

SACOG provides transportation planning and funding 
for the region, and serves as a forum for the study and 
resolution of regional issues. In addition to preparing 
the region’s long-range transportation plan, SACOG 
approves the distribution of affordable housing in 
the region and assists in planning for transit, bicycle 
networks, clean air and airport land uses.

Following the successful outreach of the adopted 
Preferred Blueprint Scenario and Metropolitan 
Transportation Plan (MTP) for 2035, two landmark 
plans linking transportation and land use, SACOG 
began an educational project focusing on climate 
change and greenhouse gas emissions. The goal of 
the project was to begin a regional discussion on the 
issues of climate change, educating not only the local 
staff and policy makers of the region, but the general 
public as well.

During the outreach portions of the Blueprint and MTP, 
SACOG used computer modeling to provide instant 
feedback to workshop participants. This allowed 
those involved to see the impacts of their planning 
decisions as if they had just been implemented. From 
these exercises many participants realized something 
else had to be done, and with the aid of the tools and 
planners on site, made the connection that perhaps 
land use could be a viable solution to helping relieve 
congestion on the regions roadways. The idea that 
where someone works and lives can have a big 
impact on travel behavior became part of the regional 
dialog, and plans and policies began to take shape.

To have this same impact with issues related to 
climate change and greenhouse gas emissions, a tool 
and process would have to be used that gave instant 
feedback to participants, and could convey a powerful 
enough message as to begin a regional discourse 
around the issue. Ultimately informing the region 
about climate change issues and helping to pave the 
way for subsequent efforts. The Greenhouse Gas 
Regional Inventory Protocol, or GRIP, with its inventory 
and scenario formation exercises offered such a 
combination of tools and processes.
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Introduction

“Today’s climate variability and 
weather extremes already pose 

significant risks to California’s 
citizens, economy, and environment. 

They reveal the state’s vulnerability 
and existing challenges in dealing 

with the vagaries of climate. 
Continued climate changes, and 

the risk of abrupt or surprising shifts 
in climate, will further challenge the 
state’s ability to cope with climate-

related stresses” [1] 

There is now unequivocal evidence to show that 
warming of the climate system is already happening 
and it is highly likely that part of this warming is 
due to Greenhouse Gas (GhG) emissions that have 
been produced by humans.  Furthermore, even if 
atmospheric concentrations of GhG are maintained at 
the levels of 2000 we are likely to experience further 
warming of the climate system which will bring with it 
a variety of impacts that may influence how and where 
we live. This means that planners need to think about 
development and infrastructure that will enable our 
cities and regions to both reduce emissions and adapt 
to future climatic change [2].  

If left unchecked, global anthropogenic (human 
caused) GhG emissions are highly likely to lead to 
further climate change, with damaging effects on 
physical, biological and chemical processes, with 
significant consequences for California, the USA and 
wider world - affecting all aspects of the environment, 
economy and society. 



The Californian Assembly Bill 32, that was signed-
into-law in 2006 requires Californian GhG emissions to 
reduce to 1990 levels by 2020. Gov. Schwarzeneggar 
has furthered this by a call to reduce emissions by 
80% relative to 1990 by 2050. SACOG recognises 
its key role in helping California to deliver these 
goals. As a consequence, and through international 
partnership SACOG has been working with METREX 
(the Consortium of European Regions) and the 
University of Manchester, UK to see how they might 
do this - through the Royal Town Planning Institute 
award winning Greenhouse Gas Regional Inventory 
Protocol (GRIP). SACOG became aware of the 
GRIP approach through its work with the European 
METREX partnership. 

It is clear that planners, city managers and other 
local, regional, state and federal officials are key to the 
decisions that will impact the short-, medium-, and 
long-term social, political and economic well-being of 
their communities. As part of this, they must recognize 
the potentially adverse social and environmental 
impacts that climate change may bring to their 
communities. Therefore, these representatives need 
to understand the GhG emissions that are emitted 
within their region and how these emissions may be 
mitigated (reduced).  Indeed policy makers must also 
plan for the potential impacts of climate change, even 
if we mitigate emissions by 80%.

Key to this is an understanding that preventing 
dangerous climate change is about reducing the total 
amount of GhG emissions that are released over a 
given time period eg 1990-2050. It is the sum of these 
emissions that is more important to mitigating against 
climate change than the emissions released in 2050. 

The first stage of GRIP is to produce a GhG inventory, 
and this was provided for SACOG for the year 2006. 
However, such an inventory only tells us where we 
are in terms of emissions in SACOG. The science, as 
we explored above, tells us that we need to stabilize 
atmospheric concentrations of GhGs at a level that 
will prevent dangerous climate change – this is widely 
regarded to be a 2oC increase in global mean surface 
temperature. The reduction target of 80%, put forward 
in 32, when set was regarded as being loosely linked 
to this objective. This leaves us with a key challenge: 
finding out how to get there - and how SACOG can 
help to make that happen.

This takes us to the second stage of GRIP where this 
challenge is explored using its scenario process. This 
necessitates a detailed understanding of the energy 
system, both in and outside of SACOG (that drives 
emissions of CO2). This understanding feeds the GRIP 
scenario tool. The majority of this understanding is 
taken from the inventory. The scenario tool is the key 
to the stakeholder derived scenario process and has 
been used to form a series of future CO2 orientated 
energy scenarios for SACOG as a whole. This 
research provides us with an understanding of CO2 
emissions and how they can be reduced in SACOG. 

The scenarios generated and presented in 
this brochure have been produced entirely by 
stakeholders. These stakeholders included: 
policy makers, locally elected officials, industry 
representatives, academics and non-government 
organizations. SACOG hosted two one day 
workshops, which included a total of 21 stakeholders 
all of whom can be found at the back of this brochure. 

This report was compiled by Dr Sebastian Carney of 
Manchester University (UK), with the support of the 
authors on the rear page.
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When compiling an inventory it is important to use 
a consistent methodology. The GRIP inventory 
approach is intended for use by regions, States, and 
other spatial scales wishing to monitor their emissions 
and gain an insight into emissions drivers. The GRIP 
approach also enables inter-regional and year-on year 
comparisons, all delivered in a cost-effective, user 
friendly manner. The methodology and tools can be 
viewed via www.grip.org.uk 

GhG emissions inventories have been produced at 
the sub-national level in many different areas. These 
inventories have been carried out by a range of 
bodies that have included consultancies, academics 
and representatives of the areas. One of the 
consequences of the broad spectrum of organizations 
engaged in inventory compilation at a sub-national 
level, is a breadth of different approaches to emissions 
estimation. These differing approaches have resulted 
in, some inventories omitting certain emission sources, 
with others taking differing views when assigning 
emissions from the generation of electricity, attributing 
them to either the location of the power station 
(source) or the area where the electricity is consumed 
(the end user).  More generally, some approaches 
use detailed data sets, whereas others employ a 
purely top down approach to inventory development 
– where national data is disaggregated to the regional 
scale by using an appropriate scaling factor, such 
as population. It is often difficult to decipher which 
inventories are the more reliable without reading 
detailed reports. 

These inconsistencies are magnified by disparities 
in the availability of relevant data, as well as the 
accessibility of data sources and the depth of 
understanding regarding GhG emissions and their 
sources on the part of the person compiling the 
inventory. The upshot of all this is a degree of mistrust 
in the resultant emission figures and inventories 
as the disparate approaches make it difficult to 
make meaningful comparisons and evaluations 
between areas, year-on-year, or wider national and  
international inventories. 

In order to overcome these issues and to minimize 
any mistrust, uncertainty and misunderstandings, 
GRIP uses a consistent methodology over three 
data levels for each source of GhG emissions. The 
GRIP approach takes into account the guidelines 
provided by the Intergovernmental Panel on Climate 
Change (IPCC) which governs inventory compilation 
on a national scale. In addition, GRIP has also taken 
account of other methods explored internationally at a 
sub-national level. 

The GRIP approach is based on five critical principles, 
making it: 

Timely in its approach; •	

Adaptable to available data sets; •	

Transparent in nature; •	

Easily replicable; and •	

Presented with a consistent reporting structure. •	

As already stated GRIP delivers these guiding 
principles through a practicable inventory 
methodology that spans three levels of data intensity, 
each with its own prescribed level of uncertainty. 
The system is designed to negate double counting 
and is intrinsically programmed to accommodate 
differing levels of base data accuracy by utilizing its 
integral uncertainty functionality. This allows GRIP to 
be applied in areas which have different levels of data 
availablity. 

The mechanism is available on-line at  
www.carboncaptured.org.uk and comes complete 
with clear instructions, tips on how best to access 
data sources and a common reporting format for ease 
of cross comparison. It is available at very low cost for 
use by public and voluntary bodies, making it a cost 
effective alternative to other inventory packages.

The GRIP Inventory Process
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The GRIP Inventory Program

The first component of GRIP is to establish an 
emissions inventory for the host region, in this case 
the Sacramento Area Council of Governments 
(SACOG) region. The inventory outlined on the 
following pages presents a comprehensive register of 
GhG sources used to estimate actual GhG emissions 
from the region. Furthermore, due to its widespread 
application and adherence to reporting standards, the 
region can compare its emissions year-on-year and 
against other regional and national inventories.  

When compiling a GhG inventory it is important to first 
understand the characteristics of the region under 
scrutiny, most notably its population, affluence and 
economic constituents. Correctly interpreted, this data 
points towards likely GhG sources and, additionally, 
engenders the stakeholder with an appreciation 
of the drivers within the region that affect GhG 
emissions. SACOG; contains the capital of California 
- Sacramento. SACOG is home to 2.25m people 
dispersed over 0.9m homes. It is divided into the six 
counties: El Dorado, Placer, Sacramento, Sutter,  
Yolo, Yuba. 

In 2006, the economic wealth of the region was 
$95Bn, equivalent to a GDP per head of $42,563. 
This is below the state average of $52,793. In 2006, 
the SACOG area accounted for 2.9% of California’s 
manufacturing output. It also represented 10.2% of 
California’s public sector.

GRIP presents GhG emissions from the SACOG 
area in terms of CO2equivalent (eqv) using the Global 
Warming Potential (GWP)100 standard, which 
demonstrates the impact of greenhouse gases in 
terms of CO2. This method permits an immediate 
comparison of the respective impacts of each sector. 
All the figures are available on the website www.grip.
org.uk separately.

All emissions associated with the consumption and 
combustion of fuel within the region are accounted 
for  in GRIP as emissions from the Energy sector. This 
includes energy consumed in the home, by industry 
and commerce, as well as from transportation, 
agriculture and offshore and onshore fuel extraction. 
For the purposes of GRIP, emissions associated 
with the production of electricity are attributed to the 
consumer/user. 

As a region, SACOG contributes approximately 
6% of state Energy emissions.  In 2006, the GhG 
emissions from the Energy sector, expressed in terms 
of CO2equivalents, totalled 24.6MtCO2eqv, comprised 
of the following:  
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Within GRIP, emissions categorised as Industrial 
Processes relate to GhG emissions from chemical 
reactions on industrial sites, and also include 
emissions from the maintenance of a variety of 
products. SACOG has little or no industrial sites 
engaged in this activity. However, SACOG does emit 
GhG from the maintenance of products such as air 
conditioning units. Regionally this sector accounts for 
0.9MtCO2eqv, 0.34% of national industrial process 
emissions, and is comprised of the following: Fugitive
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GhG emissions from agriculture are attributable to the 
treatment and management of both crops and farm 
animals. The agricultural economy of SACOG makes 
up 2.45% of the Californian agricultural sector.  It does 
make a substantive contribution to overall emissions. 
Emissions from the agriculture sector account 
for 0.44% of national agricultural emissions. The 
regional agricultural emissions for the year 2006 were 
2MtCO2eqv, and composed of the following:
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Waste disposal is a problem that is faced by all 
regions, SACOG being no exception. Waste can 
be treated and disposed of in a number of ways: 
including landfilling, incineration and recycling, 
with GhG emissions associated with each of these 
processes. GhG emissions from the treatment 
and disposal of wastes in SACOG account for, 
1.2MtCO2eqv - 0.34% of national waste emissions in 
2006. The regional emissions can be broken down as 
follows: 
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Overall SACOG accounted for 28.6MtCO2eqv in 2006, 
equivalent to 6% of state emissions that year. This 
statistic can be expressed in a variety of ways, each 
with the aim of engaging either stakeholders or lay 
people in the inventory process: 

In 2006, 12.7 tonnes of carbon dioxide equivalent 
were emitted for every man, woman and child in the 
SACOG area, compared to 23.4 tonnes nationally. 
In terms of domestic emissions alone, the average 
household in the region in 2006 accounted for 6 
tonnes of carbon dioxide equivalent.

GhG emissions averaged 0.3 tonnes of carbon 
dioxide equivalent per $1m of GDP, compared to 0.53 
tonnes nationally. The total figures, broken down by 
sector and GhG, are displayed below: 
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The energy component of the inventory can be further 
broken down to a county level. This shows that 
the highest emissions come from the Sacramento, 
where they account for 14.8MTCO2Eqv. The lowest 
emissions come from Sutter. In all but one (Yolo) 
the highest source of emissions was transport, in 
this county emissions from the Commercial and 
institutional Sector were highest. These inventories are 
presented on page 11.
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Breakdown of Inventory

The emissions have been broken down to the counties 
in the following ways, the emissions associated with 
the consumption of natural gas and electricity per 
sector have been estimated using bottom up data 
provided by the utility companies. The emissions for 
road transport have been allocated to the SACOG 
on the basis of cars registered. The non-gas and 
non-electricity emissions from the Service Sector and 
Industrial Sector have been allocated on the basis of 
GDP in each county. The non-gas and non-electricity 
emissions from the domestic sector have been 
allocated to the counties on the basis of households in 
each region. 

The emissions from El Dorado County account 
for 7.2% of the total emissions from energy in 
SACOG. Within this El Dorado accounts for 7% of 
residential emissions, 5% of Commercial emissions, 
2% of Industrial emissions and 8% of road transport 
emissions.
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The emissions from Placer County account for 17% 
of the total emissions from energy in SACOG. Within 
this Placer accounts for 19% of residential emissions, 
16% of Commercial emissions, 23% of Industrial 
emissions and 16% of road transport emissions.
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The emissions from Sacramento County account 
for 62% of the total emissions from energy in 
SACOG. Within this Sacramento accounts for 61% of 
residential emissions, 62% of Commercial emissions, 
56% of Industrial emissions and 64% of road transport 
emissions.
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The emissions from Sutter County account for 4% of 
the total emissions from energy in SACOG. Within this 
Sutter accounts for 4% of residential emissions, 3% of 
Commercial emissions, 3% of Industrial emissions and 
4% of road transport emissions.
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The emissions from Yolo County account for 6% of 
the total emissions from energy in SACOG. Within this 
Yolo accounts for 7% of residential emissions, 12% of 
Commercial emissions, 13% of Industrial emissions 
and 3% of road transport emissions.
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The emissions from Yuba County account for 6% of 
the total emissions from energy in SACOG. Within this 
Yuba accounts for 3% of residential emissions, 3% of 
Commercial emissions, 3% of Industrial emissions and 
8% of road transport emissions.
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The Scenario Process

Following the development of the GRIP greenhouse 
gas inventory, the second part of the Greenhouse gas 
Regional Inventory Protocol is the scenario process. 
The Scenario process is based around the GRIP 
Scenario Tool. An example of the GRIP Scenario tool 
can be found at www.grip.org.uk/scentool.html 

Scenarios come in various guises and have been 
applied in a broad range of sectors including 
academia, business, industry and government. Their 
purpose is to provide an insight into how the future 
might unfold. These insights can be used to aid and 
inform strategic decisions taken in the present. 

Climate impact Scenarios have been undertaken for 
California and these have shown that it can expect to 
see average annual temperatures to warm significantly 
by 2100. With these increases varying between 3o 
to 10o farenheit .These scenarios, conducted by 
scientists at the world renowned National Centre for 
Atmospheric Research (NCAR), show that California 
(and in turn SACOG) can expect to see warming 
during this period that will effect the way in which 
people live. These high emissions scenarios show 
warming in California continuing into next century. 
Snow losses, perhaps the early signs of climate 
change, are already being noticed in the western 
United States, and hydrologic model simulations 
indicate that the losses will increase as the warming 
increases [3,4]. The higher emissions scenarios both 
show losses in snow water equivalent (SWE) in the 
San Joaquin, Sacramento and Trinity drainages. So 
much so that  by 2070–2099, virtually no snow is left 
below 1000 m (3280 feet) under this higher emissions 
scenario [3,4]. 

In order to prevent these changes from occurring we 
must mitigate our emissions globally. This includes 
emissions in California as well as in SACOG. As we 
showed in the previous pages GhG emissions are 
dominated by those from energy sources. Scenarios 
that consider how these energy emissions maybe 
reduced is the focus of the second part of GRIP. 
Furthermore, climate change may have an impact on 
energy consumption – such studies have already been 
performed for California [10,11]

A socio-economic scenario is not a single static vision 
of the future, but rather a logical sequence of images 
that make up the future. Kahn and Weiner defined 
scenarios as: “…hypothetical sequences of events, 
constructed for the purpose of focusing attention on 
causal processes and decision points” [5]. A scenario 
is not a prediction of how the future will unfold but 
rather a picture of how it may unfold [6] Furthermore, 
while the degree of uncertainty associated with 
a scenario may be of particular interest to policy-
makers, scenarios do not allow for the production 
of a sensible, quantifiable level of uncertainty, quite 
simply, because we do not have statistics of the future 
to make such assumptions. Although “experts” may 
ascribe their own belief of probability to the scenario.

The use of scenarios at the regional scale can enable 
the development of individually-tailored, specific plans 
and policies that will meet the requirements of local, 
regional, state and federal government, and promote 
the consideration of the wider global community 
within such plans [7,8] With this in mind, more 
targeted approaches to reducing greenhouse gas 
emissions and adapting to anticipated climate change 
can be taken locally, ones that recognise regional 
characteristics and come with an understanding of 
current physical, social and economic issues. 

What is the GRIP Scenario Process? 

The Greenhouse Gas Regional Inventory Protocol 
scenario process is entirely stakeholder led. The 
process uses a scenario tool that is manipulated by 
the stakeholders to form CO2 emissions orientated 
energy scenarios for a given area, in this case the 
SACOG region. 

The only constraints on the scenario exercise are the 
purpose of the scenario and the participants own 
imagination. The scenario tool and its application 
enables a scenario exercise to bridge the gap 
between a qualitative storyline that an individual 
(holds) or group derives. These storylines allow for the 
pinpointing of quantifiable variables in terms of energy 
demand and supply and the emissions associated 
with that storyline. In so doing, a detailed perspective 
of social, economic, and wider environmental issues 
can be gained and included within the scenarios. 



The “GRIP Scenario Tool” or perhaps more aptly, 
‘decision aid’, therefore allows an individual or group 
of participants to explore the impact of potential 
greenhouse gas mitigation measures on the total CO2 
emissions of the area under study. Within the scenario 
process undertaken using GRIP, the stakeholders are 
free to explore different energy options, revise their 
views, and perceptions of the future, or even drop the 
goal of  the 80% reduction if they feel so inclined. 

With the GRIP scenario tool, there lies the potential to 
produce a number of scenarios in an organic, iterative 
and exploratory manner. The scenarios produced may 
evolve as the participating stakeholders knowledge, 
beliefs and attitudes change [8] 
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3[3] CLIMATE SCENARIOS FOR CALIFORNIA Report From:  California Climate 

Change Center by Dan Cayan, Ed Maurer, Mike Dettinger, Mary Tyree,  
Katharine Hayhoe, Celine Bonfils, Phil Duffy,  and Ben Santer

[4] Hayhoe, K., D. Cayan, C. Field, P. Frumhoff, E. Maurer, N. Miller, S. Moser, S. 
Schneider, K. Nicholas Cahill, E. Cleland, L. Dale, R. Drapek, R. M. Hanemann,  
L. Kalkstein, J. Lenihan, C. Lunch, R. Neilson, S. Sheridan & J. Verville. 2004. 
Emission Scenarios, Climate Change and Impacts on California. Proc. Natl. Ac. Sci., 
101, 12422- 12427. 

[5] Kahn, H. and A. J. Wiener (1967). “The next thirty-three years: A framework for 
speculation.” Daedalus 96(3): 705-732. 

[6]  IPCC (2000). Emissions Scenarios. 2000: Special Report of the Intergovernmental 
Panel on Climate Change. N. Nakicenovic and  R. Swart. 

[7] Shackley, S., P. Fleming, et al. (2002). Low Carbon Spaces Area-Based Carbon 
Emission Reduction: A Scoping Study,  Sustainable Development Comission. 

[8] Carney, S 2006 The Development and Application of a Stakeholder Led Approach 
For Both Estimating and Exploring the Potential for  Greenhouse Gas Emissions 
Mitigation on the Government Office Regional Scale PhD Thesis

[9] Knowles, N., and D. R. Cayan. 2002: Potential effects of global warming on the 

Sacramento/San Joaquin watershed and the San Francisco estuary. Geophys. Res. 
Lett. 29(18), 1891–1895. 

[10] Baxter, Lester W., and Kevin Calandri. 1992. “Global warming and electricity 
demand: A study of California.” Energy Policy.20 (3), March: 233-244. 

[11] Mendelsohn, Robert. 2003. “The Impact of Climate Change on Energy 
Expenditures in California.” Appendix XI in Wilson, Tom, and Larry Williams,  
Joel Smith, Robert 

SACOG is in the early stages of creating a climate action plan that largely focuses on transportation, but will 
address emissions from all major sources. In order to better understand the complexity of emissions generated 
within the region, SACOG used the GRIP process to create a regional inventory. The following scenarios then use 
that inventory as a guide to further the efforts on creating a regional climate action plan. These scenarios are a 
first attempt at regional discourse on this issue, with subsequent work to be complete on creating new follow up 
inventories and additional scenarios, potentially using GRIP.
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Scenario Comparisons

There were two separate energy scenario sessions 
carried out for SACOG. The results of these are 
presented over the next pages. 

These scenarios look at how a CO2 emissions 
reduction of 80% may be achieved in the SACOG 
area by 2050. These scenarios were all run using 
the Greenhouse Gas Regional Inventory Protocol’s 
approach to scenario formation. The sessions were 
all interactive and sought a balance between the 
qualitative and quantitative elements deemed most 
pertinent when forming an energy emissions scenario. 

The scenarios for SACOG were produced with 21 
different stakeholders from a variety of interest groups 
and backgrounds, put together through SACOG’s 
contacts. The scenarios reflect the inputs from all of 
the stakeholders as to how SACOG may reduce its 
CO2 emissions by 2050, however they should not be 
deemed representative of any individuals view. 

Neither of the scenarios achieved the desired 80% 
reduction in CO2 emissions. The scenarios both 
showed end-user energy consumption declining by 
4% in one and 34% in the other. These reductions 
varied by sector in each of the scenarios. The most 
noticeable difference was the reduction of non-
electrical energy consumption in the domestic sector 
which was deemed to reduce by 40% in Scenario 
1 but remain unchanged in Scenario 2. When 
considering this, it should be noted that the sessions 
were run independently of each other. 

In both scenarios economic growth was running at 
an average annual increase of at least 2%. Moreover, 
both the population of the SACOG and the amount of 
households increased in both of the scenarios. In one 
scenario the population increased to just over 3million, 
in the other to over 4million. However, in one scenario 
the amount of households increased to 1.6million and 
the other 1.7million – a seemingly modest difference 
considering the difference in population growth. 
Indicating that average household size is greater in the 
former scenario.

The reasons described by the stakeholders for the 
decoupling of economic factors, CO2 emissions 
and energy consumption varied between the two 
scenarios. However, they were predominantly driven 
by regulatory measures. 

In both scenarios the public and regulatory bodies 
were deemed to have an active role in reducing the 
demand for fossil based energy and increasing the 
efficiency of the activities of different parts of the 
economy. As a consequence in scenario 2 there 
was a large focus on local production of energy 
from renewable sources. It is interesting to note that 
in both scenarios electricity production, from the 
distribution grid,  was dominated by fossil based 
production - albeit using CCS. The production outside 
of the region varied between the scenarios – although 
nuclear power was present in both scenarios. In both 
scenarios electricity demand from the grid increased. 
However, it should be noted that scenario 2 was 
driven largely by an increase in electricity production 
from local renewable sources. 

In both of the scenarios, the largest emissions 
reduction came from the road transport sector – this 
was 87% in scenario 1, and 80% in scenario 2. None 
of the other sectors, in either scenario, achieved a 
80% reduction in emissions. Both scenarios saw 
domestic sector emissions declining by similar 
amounts of 76% and 74% respectively; indeed the 
level of reduction from industry was also similar at 
53% and 57% respectively. 

The scenarios did engage in a ‘backcasting’ dialogue, 
these can be seen in the charts on the respective 
pages – in scenario 1 this was taken as a mid-point 
between the baseline year and 2050. In scenario  2 
this was the changes that stakeholders believed 
would be delivered by 2025 as a stepping stone to the 
energy scenario of 2050. This latter scenario showed 
a reduction in emissions by 2025 of 13%, with an 
increase in energy consumption. This would appear to 
be approximately in line with the California trajectory of 
reducing emissions to 1990 levels by 2020. 

However, if SACOG’s emissions have increased since 
1990 at the same rate as California then both of the 
scenarios may have met the wider Californian target. 
Furthermore, this target, due to the latest scientific 
studies, may need to increase from an 80% reduction 
in 2050, to a higher one. Additionally interim targets 
that are more stringent than the current 2020 targets 
may need to be set. 



This is because we need to be aware of the ‘stock of 
carbon’ in the atmosphere. The CO2 released now is 
likely to remain in the atmosphere for up to 100years. 
Increasing the global atmospheric concentration of 
greenhouse gases. We therefore need to be mindful 
of the sum of CO2 released over the next 40years 
(together with that released over the past twenty) in 
SACOG and California. As it is these emissions that 
are, and will be, the biggest cause of an increase 
in concentration of CO2 in the atmosphere – rather 
than the CO2 emissions released in 2050. With this 
concentration being a key determinant of climate 
change.

These new targets may be informed by an array of 
academic studies that show how global emissions 
peaking at different times and the levels of warming 
associated with them. Such as those presented 
recently at the international climate conference in 
Copenhagen. In turn these understandings may 
inform planning policies regarding adaptation 
measures. If global concentrations of greenhouse 
gases increase beyond certain thresholds, global 
warming may occur that exceeds 2o celsius – 
potentially reaching 4o or even beyond. Some of the 
local impacts of such changes are highlighted earlier 
in this document.

The linkages between, total global emissions released 
over time, the associated atmospheric concentrations 
of GhGs and the potential associated climatic 
change are important as the impacts on the built 
environment of a warmer environment in SACOG 
maybe significant. Together with an understanding of 
the extremes in individual weather events that these 
global changes may bring to California and, in turn 
SACOG. This will require advance planning measures 
to minimize impact. An uncomfortable question may 
need to be asked, which is, if California does not 
meet the reductions that the latest science suggests 
are necessary to prevent a 2o rise – can it expect the 
rest of the world to do so? If not, perhaps planning 
needs to reflect this. Potentially this planning needs 
to find measures that both reduce CO2 emissions and 
increase California and SACOG’s adaptive capacity to 
deal with a significantly warmer climate future.

The scenarios are helpful as they show a distinct 
difference in the approaches taken by different 
stakeholder groups. They show the importance of 
dialogue in these matters so that a best way forward 
may be achieved, to meet the energy needs of 
the public and economy as well as delivering on 
the emissions reductions necessary for SACOG 
and California to play their parts in reducing global 
emissions. They also show the difficult task that 
mitigation presents. The scenarios presented here 
should be used to inform discussions.
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Scenario 1

Economy and demographics 
Over the past four decades there has been an 
average annual economic growth rate of 2% within 
SACOG region, with that growth rate being mirrored 
in wider California. The service sector now occupies 
a larger share of the economy then ever before. The 
industrial elements of the economy are largely high 
tech industries – with R&D being a large component 
of this. The green energy revolution has placed 
California and SACOG at an advantage over other 
states and regions.

The population of SACOG has nearly doubled since 
2006 and now stands at 4.3million. As a consequence 
of peoples increasing desire to live on their own. 
These people are being housed in 1.7million homes. 
People are living longer, with recent development 
being targeted to meet the needs of the young 
professionals, as well as the needs of retirees. 

Domestic 
The amount of non-electrical energy consumed in 
the domestic sector has decreased by 40%. This 
means that homes are using approximately 70% less 
non-electrical energy on average then they were in 
2006. This was largely driven by the statewide focus 
on energy efficiency and zero carbon homes. More 
than half of the housing stock is less then 40years old 
and they have all been built to a high standard, with a 
ongoing focus on maintenance and retrofitting of older 
dwellings. There is an ongoing desire for renewable 
technologies, with much coming from solar thermal. 

The consumption of electricity in the domestic sector 
within SACOG has gone down by 20%. This means 
that on average each household is consuming 
approximately 60% less electricity than it did in 2006. 
There is extensive local and onsite renewable energy 
generation. With community wind farms and shared 
solar photo-voltaic panels common place. This was 
driven by an awareness of the importance of energy 
supply and a greater desire for confidence in the cost 
of energy to the public.  

As a consequence of the changes made in the 
domestic sector since 2006 carbon dioxide emissions 
associated with energy consumption within the home 
have fallen by 74% in 2050.

Transport 
Two thirds of the housing stock built over the past 
four decades has been small lot. This has resulted 
in a reduction in the amount people drive, especially 
to get to work. Planning regulations have meant that 
developments have been focused on new light rail 
schemes, with mixed use developments being a key 
part of urban development. 

There has been a near doubling in the population 
vehicles are being driven less, as people are making 
better use of public transportation. As a consequence 
overall vehicle miles have increased by 30% since 
2006. Efficiency has improved to such an extent 
that vehicles now require 70% less energy to travel 
the same distance, reducing energy consumption 
substantially. Furthermore, there has been a shift in 
the fuel mix, from one that was largely dominated by 
petroleum to one that is largely electrical. Hydrogen 
vehicles have only recently started appearing in a 
viable manner, however the technologies behind them 
are expected to contribute substantially to future 
emission cuts. These changes in behavior, efficiency 
and fuel mix have resulted in a reduction in Road 
Transport emissions of  87%. 

Freight is largely transported by rail. Furthermore, 
there has been a shift to rail from aviation and road as 
preferred mode of transport between large Californian 
cities – with journey times being competitive with air 
transport. 

Aviation fuel consumption has not altered since 2006 
– although the bio-fuel mix has increased. 

Electricity 
The overall consumption of electricity from the national 
grid has gone up by 25%. This increase is on top 
of the electricity that is being produced on-site in 
homes and businesses. Production of electricity within 
SACOG is dominated by fossil fuels. With nearly 60% 
of the generation mix coming from natural gas stations 
fitted with Carbon Capture and Storage (CCS). The 
agricultural activity in the region provides enough 
biomass to produce 10% of the generation mix. 



Solar panels and hyrdro-electric power make up 
the remainder of the generation mix within SACOG. 
Outside the wider state’s electricity production is 
approximately 40% fossil based – with the majority of 
this coming from Coal with CCS. Nuclear power has 
maintained a presence and accounts for more than 
10% of production. The remainder of the production is 
renewable – with wind power (both on and off shore) 
making up 20%.

Service Sector 
The service sector’s energy consumption has changed 
significantly. Skyscrapers produce nearly 40% of their 
heating needs on-site, and more than a quarter of 
their electricity. The same is true of shopping malls 
and buildings in the public sector. Both electricity and 
non-electrical energy consumption have increased by 
30% overall – however this growth rate means that 
decoupling of energy and economic growth within this 
sector has happened. In total this sector has delivered 
an emissions reduction of 66%. 

Industry 
The industrial sector is dominated by light 
manufacturing providing employment for the increased 
population. Here energy consumption has increased 
by 10% overall. Fossil fuels still provide the majority 
of energy consumed, although renewables-for-heat 
and bio-fuels make up 1/3 of non-electrical energy 
consumption. The industrial sector has remained 
reliant on the national grid for electricity. In total this 
sector has reduced emissions by 53%.

Distinguishing Features

The de-coupling of economic growth and  •	
energy consumption

A significant change in the vehicle fleet  •	
for transportation

A focus on technology innovation•	

A shift to a knowledge based industry•	

A large increase in locally produced energy•	

A continued reliance on fossils fuels for electricity •	
generation albeit with CCS
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Scenario 2

Economy and Demographics:

The population of SACOG has increased by nearly 
50% from 2.25 million, in 2006, to 3.25million in 
2050. There are more households, with household 
occupancy falling to an average of around 2.1 people. 
This change in demographics is mostly due to an 
aging population and an influx of young professionals. 
This demographic shift varies between the counties. 
Climate change has led to an increase in the amount 
of people living inland – with the impacts of a 2o 
warmer world and region now being felt. Economic 
growth within the region has seen an on average 2% 
year on year growth. 

Domestic 
Demand for non-electrical energy within the 
domestic sector is level with that of 2006. However, 
this energy is now being consumed by twice the 
amount of households. This has resulted in increased 
efficiency. This increase is due, in large parts, to 
behavioral change, and also to less resource intensive 
technologies. The older housing stock has either 
been replaced or substantially retrofitted. New homes, 
built since the nineties, had substantially higher 
levels of efficiency requirements by law – with these 
efficiency requirements increasing in the times since. 
The consumption of electricity in the domestic sector 
has dropped by 20% overall – despite the increase 
in households – this has also been due to changes 
in behaviour and more efficient technologies. While 
much of these improvements have been regulatory 
- consumers became more aware of the importance 
of energy conservation (due in part to the cost of 
energy) - consequently they desire the ‘best homes’ 
where energy efficiency and onsite production are key 
assets. There is wide-scale penetration of solar water 
heaters, with neighborhood arrays being a common 
sight. These arrays either produce electricity or heat. 
Combined heat and power networks, are in place 
in mixed use developments as well as downtown. 
Bio-fuels account for 10% of non-electrical fuel 
consumption. Overall there is a significant focus on 
decentralized energy production of both heat and 
electricity from renewable sources. These are made 
up of both on-site and community schemes. Heat 
energy sourced from renewables now accounts for 
40% of demand, whilst 50% of electricity is coming 
from these technologies. 

These changes, and the structures necessary for 
future development are central to planning policy. 
Overall CO2 emissions from the domestic sector have 
reduced by 76% despite an increase in households.

Electricity 
Overall demand for electricity from the national grid 
has increased by approximately 50% since 2006. 
The supply of electricity from fossil sources outside 
of the region makes up approximately a third of the 
generation mix. Coal and Natural gas CCS  plants 
provide the majority of this supply, a further 20% 
comes from nuclear power and the remainder comes 
from renewable sources. Gas plants without CCS 
account for 5% of supply and are used primarily 
for when electricity is in peak demand. Biomass 
makes up 20% of supply with it being grown either in 
California, or in the surrounding states.

Electricity production in SACOG is dominated by fossil 
sources, although the majority of this comes from gas 
CCS stations. Once again there is a further supply 
of electricity from gas based production for when 
electricity is at peak demand. The remainder of the 
electricity generation comes from renewable sources, 
principally geo-thermal and hydro-electric. 

Transportation 
There has been a 50% increase in population, and 
with this has come a 35% increase in the distance 
that vehicles travel in an average year. The amount 
that people drive varies depending on their affluence, 
age and whether or not they work. Commuters are 
more likely to take public transport than others, who 
work outside of the main towns and to buy properties 
in areas that service this need. Outside of this is a 
general change in behaviour and a desire to share. 
Vehicles are consuming 20% less fuel on average. 
These changes have been made possible due to 
stringent planning measures, together with pressures 
and incentives to do more walking to work, school 
and to improve health. As a consequence parking is 
now charged for, with this charge being linked to the 
emissions levels of vehicles. 

A desire to own a vehicle does remain strong, and 
changes have been made on the fuels that vehicles 
consume. Consequently diesel based fuels make 
up approximately 15% of the fuel mix. The fuel mix 
is dominated by electric vehicles. The remainder 
comes largely from bio-fuel with a small amount from 
hydrogen based vehicles. These measures have come 
to pass due to policy measures that target vehicles 
rather than driving practices. In total vehicles require 
40% less fuel to travel the same distance. Overall CO2 
Emissions from road vehicles, including freight, have 
reduced by 80%.



Rail Travel has increased by 50%, with this travel 
primarily taking place on light rail services. However 
there are better links between the Bay Area and 
Sacramento. The fuel mix remains dominated by fossil 
based fuels. There has not been a huge change in the 
amount of miles each person flies. As a consequence 
the amount of miles travelled has gone up. However 
due to efficiency improvements these changes have 
not effected the amount of fuel consumed. The fuel 
mix has only partly altered with bio-fuel making up 5% 
of the energy consumed and petroleum making up the 
rest. Marine energy consumption has not increased, 
although the fuel mix has become more dependent on 
bio-fuels. The port of Sacramento remains active and 
ships out many products including wind turbines from 
the green energy revolution. 

Services 
The SACOG’s service sector energy consumption 
has changed in a similar manner to other large areas 
within California. As a consequence non-electrical 
energy consumption has increased by 50% and 
electrical consumption by 75%. The non-electrical fuel 
mix is 40% renewable based, with natural gas making 
up 40% of consumption. Heat from Combined Heat 
and Power (CHP) units make up 15% of demand.  
The comparatively larger amount of institutional 
buildings in the SACOG have - ‘led the way’ - in 
terms of onsite generation from electricity. As a 
consequence 50% of electricity is produced on-site or 
from neighborhood schemes. The commercial sector 
has not performed as well as the institutional sector 
– but it has taken lessons from it. This is particularly 
true of shopping malls and large warehouses, whose 
roofs are largely covered in solar panels. Overall CO2 
emissions have reduced by 71% from this sector.

Industry 
Industry has grown modestly since 2006, with this 
growth largely in light manufacturing and green 
technologies. As a consequence whilst electricity 
consumption has not changed, energy consumption 
of non-electrical fuels has grown by 20%. Of this 
just over 50% is coming from fossil sources. On-site 
production of heat-energy from renewables and CHP 
units accounts for a third of heat energy and 40% of 
electricity consumption in the industrial sector. Overall 
CO2 emissions have reduced by 57% in this sector.

Industry Energy Consumption

A large increase in population•	

An increase in product efficiency•	

A significant fuel switch•	

A significant focus on locally produced energy•	

An increase in electricity demand•	

An ongoing focus of fossil based electricity •	
generation albeit CCS
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Total CO2 Emissions Change  -73% 

Total Energy End User Energy Change -4%
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Scenario 1 Breakdown

El Dorado 
The emissions from El Dorado County have reduced 
by 42% by 2025 and, 81% by 2050. These emissions 
reductions differ from the overall reduction of  75%. 
This is largely due to the proportionally larger share 
of CO2 emissions from road transport in 2006, of the 
county, in comparison to that of the wider region.
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Placer 
The emissions from Placer County have reduced by 
41% by 2025 and, 78% by 2050. These emissions 
reductions differ from the overall reduction of 75%. 
This is modest difference is due mostly to the slightly 
smaller share of CO2 emissions from the domestic 
sector in the county in comparison to that of the wider 
region.
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Sacramento 
The emissions from Sacramento County have 
reduced by 41% by 2025 and, 79% by 2050. These 
emissions reductions differ from the overall reduction 
of 75%. This difference is due mostly to the slightly 
smaller share of CO2 emissions from the industrial 
sector in the county in comparison to that of the wider 
region, together with a comparatively higher share of 
road transport emissions in 2006.
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Sutter 
The emissions from Sutter County have reduced by 
41% by 2025 and, 80% by 2050. These emissions 
reductions differ from the overall reduction of 75%. 
This difference is due mostly to a smaller share of CO2 
emissions from the industrial sector, a higher share 
of road transport emissions, and a lower share of 
domestic emissions in the county in comparison to 
that of the wider region in 2006.
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While the scenario sessions did not discuss each county individually it is possible to apply the emissions reductions 
for each sector achieved overall for the SACOG emissions from each of the counties in 2006. The county 
breakdown does not include the emissions from aviation and marine – as the figures from these sectors are harder 
to decipher at this scale. 

Below are the charts for each county for scenario 1. The charts show that the emissions reductions per sector are 
the same, however the overall reductions vary by between 74% and 83%.



Yolo 
The emissions from Yolo County have reduced by 
39% by 2025 and, 73% by 2050. These emissions 
reductions differ from the overall reduction of 75%. 
This difference is due mostly to a smaller share of 
CO2 emissions from road transport, a higher share of 
industrial emissions, and a higher share of commercial 
emissions in the county in comparison to that of the 
wider region in 2006.
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Yuba 
The emissions from Yuba County have reduced by 
42% by 2025 and, 83% by 2050. These emissions 
reductions differ from the overall reduction of 75%. 
This difference is due mostly to a much higher share 
of CO2 emissions from road transport, together with 
a lower share of industrial, commercial and domestic 
emissions, in the county, in comparison to that of the 
wider region in 2006.
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Scenario 2 - Breakdown

El Dorado 
The emissions from El Dorado County have 
reduced by 12% by 2025 and, 78% by 2050. These 
emissions reductions differ from the overall reduction 
of 73%. This is a lower reduction then that achieved 
in Scenario 1 and this is due to the proportionally 
lower reduction in CO2 emissions from road transport 
in this scenario; although this is offset against a 
comparatively higher reduction in emissions from the 
service sector from this county.

0 500 1000 1500 2000

CO2 2050

CO2 2025

CO2 2006

Residential

Commercial

Industrial

Transport

Total

El Dorado

0 500 1000 1500 2000 2500 3000 3500 4000

CO2 2050

CO2 2025

CO2 2006

Residential

Commercial

Commercial

Industrial

Transport

Total

Placer

0 3000 6000 9000 12000 15000

CO2 2050

CO2 2025

CO2 2006

Residential

Commercial

Industrial

Transport

Total

Sacramento

0 200 400 600 800 1000

CO2 2050

CO2 2025

CO2 2006

Residential

Commercial

Industrial

Transport

Total

Sutter

0 300 600 900 1200 1500

CO2 2050

CO2 2025

CO2 2006

Residential

Commercial

Industrial

Transport

Total

Yolo

Yuba

0 300 600 900 1200 1500

CO2 2050

CO2 2025

CO2 2006

Residential

Commercial

Industrial

Transport

Total

Placer 
The emissions from Placer County have reduced by 
14% by 2025 and, 77% by 2050. These emissions 
reductions differ from the overall reduction of 73%. 
This is a lower reduction then that achieved in 
Scenario 1 and this is due to the proportionally lower 
reduction in CO2 emissions from road transport 
in this scenario; although this is offset against a 
comparatively higher reduction in emissions from the 
industrial sector in this scenario.
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The emissions overall and sectoral reductions achieved in Scenario 2 differ to Scenario 1. The road transport 
sector makes a 87% reduction in Scenario 1 and a 80% reduction in Scenario 2. The domestic sector reductions 
are very similar at 74% (Scenario 1) and 75% (Scenario 2). However, there is a greater degree of fluctuation in the 
service sector where emissions reduced by 66% in Scenario 1 in comparison to 71% in Scenario 2. Furthermore, 
the emissions reductions in the industrial sector reduced by 53% in Scenario 1 and 57% in Scenario 2. Additional 
emissions, not included in the results below have a wider impact on emissions – where aviation emissions decline 
by 69% in Scenario 1 and 5% in Scenario 2. As a consequence the reductions in each of the counties appears 
larger than that achieved overall by the region. 
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Sacramento 
The emissions from Sacramento County have 
reduced by 13% by 2025 and, 77% by 2050. 
These emissions reductions differ from the overall 
reduction of 73%. This is a also a lower reduction 
then that achieved in Scenario 1 and this is due to the 
proportionally lower reduction in CO2 emissions from 
road transport in this scenario.
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Sutter 
The emissions from Sutter County have reduced by 
13% by 2025 and, 77% by 2050. These emissions 
reductions differ from the overall reduction of 73%. 
This is a lower reduction then that achieved in 
Scenario 1 and this is due to the proportionally lower 
reduction in CO2 emissions from road transport in this 
scenario; this is aided by a lower share of emissions 
from the Service sector. 
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Yolo 
The emissions from Yolo County have reduced by 
19% by 2025 and, 74% by 2050. These emissions 
reductions differ from the overall reduction of 73%. 
This is the only county for which this scenario 
achieves a higher reduction than Scenario 1. This 
is despite the proportionally lower emissions in the 
baseline year for road transport from the Yolo county, 
coupled with the proportionally higher shares of 
commerce and industrial emissions in the baseline 
year – which both make a bigger reduction in this 
Scenario 2 than in Scenario 1. 
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Yuba 
The emissions from Yuba County have reduced by 
9% by 2025 and, 79% by 2050. These emissions 
reductions differ from the overall reduction of 73%. 
This is a lower reduction then that achieved in 
Scenario 1 and this is due to the proportionally lower 
reduction in CO2 emissions from road transport in this 
scenario.
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In this document we have presented an emissions 
inventory using the Greenhouse Gas Regional 
Inventory Protocol (GRIP) for the SACOG region for 
2006. This inventory comprized the four key emissions 
sectors of Energy, Industrial Processes, Waste and 
Agriculture. In addition to this we presented an Energy 
emissions inventory for each of SACOG’s six counties. 
These inventories showed the relative contribution of 
each County to the overall energy emissions released 
in SACOG in 2006. 

We have presented the results of two energy-
orientated scenario sessions for SACOG using the 
GRIP approach. The aim of these scenarios was to 
achieve an emissions reduction of 80%, however 
neither did. These scenarios did show how CO2 
emissions from energy may be reduced by 75% and 
73% by 2050 on 2006 levels. The discussions and 
the outputs taken from these sessions highlight the 
scale of the challenge that a mitigation target of 80% 
presents. These scenarios were also ‘backcasted’ to 
2025 to see what changes would need to be in place 
as a ‘stepping stone’ to 2050. 

These scenarios were then ‘broken down’ to a county 
level. This showed that each county would contribute 
different levels of emissions reduction under the same 
scenario. This is an important concept as it shows that 
counties with different economic and demographic 
make-ups will contribute to emissions reductions in 
different ways. This is because some counties, and 
indeed other regions, will have emissions that vary by 
sector. Additionally, it is worth considering that some 
sectors emissions are potentially harder to mitigate 
than others. This highlights the need for sector-based 
targets as well as overall targets, with each of these 
targets recognising differences in factors such as 
climate in different regions across California.

In the same way that the emission reductions in 
these scenarios do not form equally on each county, 
California’s emission reduction targets will not fall 
equally on each of its regions. An 80% statewide 
number does not necessarily fall equally on all regions, 
in particular the regions that do not have much 
heavy industry in the future may need to achieve 
higher reductions. This is because those regions 
with higher industrial levels may not be able to get 
to 80%. However, it is likely that the current 2050 
and 2020 targets put forward by California will need 
to be increased from 80% as a consequence of the 
latest science. This will be necessary if California is to 
play its part in reducing the risk of dangerous climate 
change. Furthermore, the current trajectories suggest 
that planning within SACOG may need to consider 
how it can both mitigate emissions in the short-, 
medium- and long term; as well as providing adaptive 
measures for the region to deal with a world that may 
be 2, 3, 4 degrees Celsius or more warmer in the 
future – with the associated extreme climate events 
that may occur.

We suggest:

1)  A series of sector based targets for 2050, 2040, 
2030, 2020 and 2015.

2)  That the targets reflect the sum of emissions 
released, as well as an absolute reduction on the 
baseline year – as this is what is key to preventing 
dangerous climate change. 

3)  That the current emission targets in the region and 
statewide are revisited in light of recent scientific 
studies in relation to climate change and global 
concentrations of Greenhouse Gases.

4)  That planning recognizes the important short-, 
medium- and long-term decisions necessary to 
deliver infrastructure that reduces energy demand 
and emissions. 

5)  That planning recognizes the potential 
consequences of the impacts of a climate future 
that may be warmer than currently anticipated 
within the planning domain. What will happen in 
SACOG if we exceed 4o of warming globally?

Summary
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